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				Natural science is an exciting and very useful subject. This textbook will show you all the beauty of it and will help you become true explorers. The main aim of this book is to answer the fundamental question: “What is science and what is its importance in our life?”

				Starting from the first pages, you will realize that this textbook is completely different from any other usual textbook full of theoretical passages and formulas. Every chapter contains useful information, curious facts, tasks for individual and group work. You will also learn how to conduct research and experiments yourselves, search for information, make your own discoveries. 

				One more valuable feature of this textbook is the language. Every sentence has been carefully  chosen so that it is not difficult for you to understand science in English language. Each page contains the translation of all the important terms, both in Kazakh and Russian. This textbook will not only help you improve your English, but it will also make you a part of a big international science community. 

				Please pay attention to the structure of this textbook. Remember: a textbook is no longer the only source of information in a modern world. With the help of carefully selected tasks, you are going to learn such important skills as critical thinking, problem solving, information analysis, creativity, imagination, teamwork, digital literacy etc.

				If you have any questions, suggestions or ideas regarding the contents of this book, please feel free to contact us:

				- via email:  	                        		           admin@astanakitap.kz 

				- via telegram app: 		                             @astanakitap

				             Best regards,,

				team of authors, “Astana-kitap”
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					Trends in the redox properties of

					compounds in periods and groups

				

			

			
				
					Chapter

				

			

			
				
					 

					Why are redox reactions important?

				

			

			
				
					 

					– be able to predict the patterns of changes in the properties of compounds of chemical elements by period and group;

					– be able to predict the properties of chemical elements and their compounds by position in the periodic system.
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					You will
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					The oxidation-reduction properties of the elements also exhibit periodic changes. The periodicity of these changes is as follows: the elements occupying the left part of the periodic table, that is, the alkali and alkaline-earth metals are strong reducing agents. Then, as you move to the right along each period, reducing properties decreases and oxidizing properties increases.

					Finally, group 17 are strong oxidizers. Let us now consider this pattern in somewhat more detail.

					The reducing properties of the metals are characterized by low ionization energy, low electron affinity and low electronegativity.

					Examples of reducing properties of metals:

					1. React with oxygen 

					2. React with halogens	

					Reactions which are given above are examples of reducing properties of metals since in each case metals easily loses electrons:

				

			

			
				
					Periodicity of oxidation-reduction properties

				

			

			
				
					2Mg(s) + O2(s) → 2MgO(s)

				

			

			
				
					2Na(s) + Cl2(g) → 2NaCl(s) 

				

			

			
				
					Mg → Mg+2 + 2e-

					 Na → Na+1 + e-
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					Pure silicon

				

			

			
				
					Molecular models of organic compounds
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							Lab work №2
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					Use the following information to create your lab report in the classwork section of your notebook. Include the following sections.

				

			

			
				
					Molecular models

				

			

			
				
					
						Element

					

					
						Symbol

					

					
						Colour

					

					
						Bonds to Get Stable

					

					
						Hydrogen

					

					
						H

					

					
						white

					

					
						1

					

					
						Oxygen

					

					
						O

					

					
						red

					

					
						2

					

					
						Nitrogen

					

					
						N

					

					
						blue

					

					
						3

					

					
						Carbon

					

					
						C

					

					
						black

					

					
						4
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						Activity

					

				

			

			
				
					German scientists Schleiden, Virchow and Bütschli discovered the structure of the human chromosomes. Write the short text about the human chromosomes. Include the following information:

					- chemical elements in the human chromosomes

					- genetic information in the human chromosomes

				

			

			
				
					
						
							Group

						

						
							1

						

						
							2

						

						
							13

						

						
							14

						

						
							15

						

						
							16

						

						
							17

						

						
							hydroxide

						

						
							NaOH

						

						
							Mg(OH)2

						

						
							Al(OH)3

						

						
							H2SiO3

						

						
							H3PO4

						

						
							H2SO4

						

						
							HClO4

						

						
							strength

						

						
							strong base

						

						
							weak base

						

						
							amphoteric hydroxide

						

						
							weak acid

						

						
							acid with medium strength

						

						
							strong acid

						

						
							strong acid
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						Table 5

					

				

				
					
						Acidic and basic properties of compounds
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				Driving question motivating 	students interest
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					Topic subject
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					Lesson objectives
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				Activities to do during the lesson by student
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					Mini experiment related to the topic of the lesson
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					Main text
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				How to use this book
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						Chemistry around us
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					Example 1
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					Calculate the average atomic mass of chlorine, if the abundances of isotopes are 75.78% of 35Cl and 24.22% of 37Cl.

					Solution

					By using the above formula, we can find that:

					[ (75.78 ∙ 35) + (24.22 ∙ 37) ] / 100 = 35.5 

				

			

			
				
					Tritium (3H) isotope used in self-powered lighting devices such as “exit signs”, watches and map lights. 
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						Chemfact
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					The element astatine, which was not discovered until the 1940’s, was first named eka-iodine. All 21 isotopes of astatine are radioactive, and it is virtually non-existent in nature (only approx. 30 g). However, it can be artificially synthesized in trace amount by bombarding the nuclei of bismuth with (α) particles.
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					1. Three elements are given. You know only neutron number of first, atomic mass of second, and proton number of third element. Which of these elements can you identify? Explain why.

					2. Calculate the average atomic mass of copper, if the abundances of isotopes 63Cu and 65Cu are 69.17% and 30.83%, respectively.

					3. Gallium has two natural isotopes 69Ga and 71Ga. If the average atomic mass of gallium is ~69.798, calculate the abundances (in %) of these two isotopes.

					4. Is it possible for an element to exist without a neutron? How about a proton? 

					5. Calculate the average atomic mass of iron, if the abundances of isotopes are 5.845% of 54Fe, 91.754% of 56Fe, 2.119% of 57Fe and 0.282% of 58Fe.
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					Literacy
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					to designate - белгілену / обозначать;

					to omit - есепке алмау / пропускать.
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						Terminology
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							Practice work
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					    Determination of the thermal effect of a neutralization reaction

					Introduction:

					The heat of neutralization is the amount of heat produced by neutralization (acid-base) reactions.

					Neutralization only occurs between H+ and OH- ions. From the ∆Hneutralization value, when 1 mol H+ from acid is neutralized with 1 mol OH- from base, 56 kJ heat is released. Neutralization reactions are exothermic reactions. 

					Change in heat is equal to the specific heat capacity of the substance times its total mass times the change in temperature. So,

					∆H = m • c • ∆T	where, c(water) = 4.184 J/g•K

					 m = m(HCl) + m(NaOH)

					 ∆T = Tf - Ti 

					Materials: 0.1 M hydrochloric acid, 0.1 M sodium hydroxide, calorimeter (insulated container with a thermometer).

					Procedure: 

					1. Pour 100 ml of hydrochloric acid into the calorimeter. 

					2. Note the temperature of your solution with the thermometer.

					3. Pour 100 ml of sodium hydroxide into the calorimeter with the acid.

					4. Check the temperature of the final solution.

					5. Make the calculations and find the thermal effect of this neutralization reaction.

					Safety: Wear gloves during the experiment. 
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				Practice work related to the topic of the lesson
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				Interesting facts
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				Questions to consolidate new topic

			

		

		
			
				New terms related to the topic in three languages 

			

		

		
			
				Application in daily life

			

		

		
			
				Examples of problem solving strategies
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					CHAPTER

				

			

			
				
					AROMATIC

					COMPOUNDS

				

			

			
				
					1

				

			

		

		
			
				1.1 The structure of the benzene molecule

				1.2 Synthesis of benzene and its derivatives 

				1.3 Chemical properties of benzene and its derivatives

				1.4 Solving exercises

				Questions and Problems
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				Coal tar is a complex mixture of phenols, polycyclic aromatic hydrocarbons (PAHs), and heterocyclic compounds but it is mainly used as the main source for aromatic compounds.
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				The structure of the benzene molecule

			

		

		
			
				1.1

			

		

		
			
				 

				- explain the structure of benzene molecule;

				- explain the energy of chemical bond in the benzene molecule from the position of electron delocalization.
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				You will
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				However, Kekulé's description is not enough to understand the structure of benzene. If the structure proposed by Kekulé was exact, the bond lengths of the C = C and C – C bonds would be different. But researches show that the benzene ring is a hexagon with equal internal angles of 120° and each carbon-carbon bond is equal with a length of 139 pm. Accordingly, there has to be another explanation of the benzene ring. This is the resonance structure. Resonance theory tells us that we can place the double bonds in alternative positions. In fact, the double bonds may be between any two carbon atoms. Resonance structures are not in equilibrium, they are not the structures of real molecules. But they are the closest we can get if we are bound by the simple rules of valence and are very useful in helping us visualize the actual molecule as a mixture of two structures.

			

		

		
			
				Benzene was considered unsaturated and a highly reactive compound at first because it has double bonds in its structure. However, benzene turned out to be unexpectedly inert and stable. 

				In 1865, the German chemist August Kekulé proposed a structure for benzene.

				According to the structure, Kekulé proposed, the benzene molecule had a regular hexagonal shape. The six carbon atoms are located at the corners and each bonded to two neighbors with one single and one double bond. The single and double bonds swap with each other around the ring. One hydrogen atom is bonded to each carbon atom.

			

		

		
			
				In the benzene molecule, each of the six carbon atoms undergoes sp2 hybridization. Benzene has a planar shape and the carbon - carbon bond lengths are 139 pm. The six carbon ring is formed by the overlap of the sp2 orbitals of the carbon atoms. The resulting p orbitals then overlap to form π-bonds.

				The planar benzene lies between these two p-orbital clouds. These π-bonds make benzene very stable and explain why the carbon-carbon bonds are of equal length.
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				Chemfact
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				Large concentrations of benzene in groundwater can be a health risk because benzene is known to cause cancer. A maximum contaminant level (MCL) for benzene in drinking water at 0.005 mg/L. 
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				Why is coal in a solid state and petroleum is in a liquid state?

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				Resonance structure of benzene

			

		

		
			
				Structures of benzene molecule

			

		

		
			
				6 p-orbitals

			

		

		
			
				delocalized
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					Research time
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				Open in browser "sketchfab.com". Find the 3D models of the benzene molecule. What is meant by the delocalization of electrons on the benzene ring? 
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				Building molecular model of benzene. 
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						Lab work №1
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				Introduction

				Use the following information to create your lab report in the classwork section of your notebook. Include the following sections. 

				
					Element

				

				
					Symbol

				

				
					Colour

				

				
					Bonds to get stable state

				

				
					Carbon

				

				
					C

				

				
					black

				

				
					4 

				

				
					Hydrogen

				

				
					H

				

				
					white

				

				
					1

				

				Materials:

				molecular models

				Procedure:

				Build the benzene molecule using the ball-and-stick (6 carbon, 6 hydrogen, 9 sticks) models.

				
					Name of 

					molecule

				

				
					Atoms 

					in molecule 

				

				
					Chemical formula

				

				
					Benzene

				

				
					6 hydrogen, 6 carbon

				

				
					C6H6
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					Chemistry around us
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				The main part of benzene is used for production ethylbenzene and cumene. 
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				1. Explain the bonding in benzene.

				2. What type of hybridized orbital is present on the carbon atoms of a benzene ring? How many sigma bonds are formed by each carbon atom in a benzene ring?

				3. Which of the following are aromatic compounds?

				a. benzene

				b. ethyl alcohol

				c. methane

				d. phenol

				4. Find the mass of benzene that is obtained from the acetylene that takes up a volume of 1.344 L at STP. The yield of the reaction is 90%.
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				Literacy
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					Chemfact
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				Two benzene rings are fused together to form naphthalene C10H8. It has a sharp, aromatic odour and is used to protect clothes from moths and to dispel the bad odours in bathrooms. 

			

		

		
			
				Benzene is one of the most common chemical products and the most common aromatic compound. In the physical weight of plastics it is about 30%, in rubbers and rubber - 66%, in synthetic fibers - up to 80% is accounted for aromatic hydrocarbons which are derivatives of benzene. 

				Benzene is the most important raw material for the chemical industry since it is used both as a starting reagent for the synthesis of a wide variety of compounds and as a solvent for other reactions (benzene dissolves almost all organic compounds, it is a kind of "organic water").

				Currently, benzene is used mainly in the production of ethylbenzene, cumene and cyclohexane. On the basis of benzene, various intermediates (sulfo-, nitro-, halogen-, alkyl-, aryl-, acetylbenzenes, etc.) continue to be used, which are later used to obtain synthetic rubbers, plastics, synthetic fibers, dyes, surfactants, insecticides, medicinal substances.

				Benzene is also widely used as a solvent and extractant in the production of varnishes and paints; used as a component of motor fuel to increase the octane number.

			

		

		
			
				Importance of benzene
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				Cumene structure 
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				to propose - ұсыну / предложить;

				resonance - резонанс / резонанс;

				planar -жазықтық / планарный;

				derivative - туынды / производная;

				cumen - кумол / кумол;

				surfactant - беттік белсенді зат / поверхностно-активное вещество;

				varnish - лак / лак; 

				moth - күйе көбелек / моль. 
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					Terminology
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				Synthesis of benzene and its derivatives

			

		

		
			
				1.2

			

		

		
			
				 

				- write preparation reactions of benzene and its derivatives.
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				You will
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				Coal and petroleum are the two main sources of aromatic hydrocar-bons. However, petroleum contains few aromatic compounds. Alkanes can be dehydrogenated to produce benzene and its derivatives by heating them over catalysts (Appendix C).

				Unlike, petroleum, coal is rich for various aromatic compounds. When coal is heated to 1000oC in the absence of air, complex mixture coal tar is formed. Coal tar contains benzene, toluene, xylene, phenol, naphthalene, and anthracene. Alkanes can be dehydrogenated to produce benzene and its derivatives by heating them over catalysts.

			

		

		
			
				Acetylene is trimerized under high pressures and temperatures:

			

		

		
			
				Benzene is used mainly as an intermediate to make other chemicals. Derivatives of benzene are used to produce plastics, resins, adhesives, textiles and etc.

			

		

		
			
				Benzene reacts with methyl chloride in the presence of aluminium chloride to give toluene:

			

		

		
			
				Preparation of benzene

				Trimerization of acetylene

			

		

		
			
				Decarboxylation of sodium benzoate

			

		

		
			
				Dehydrogenation of hexane and cyclohexane

			

		

		
			
				Preparation of benzene derivatives

			

		

		
			
				Toluene

			

		

		
			
				Organic solvents in dark glass bottles: benzene, p-xylene, toluene. 

			

		

		
			
				Benzene was first discovered by the English scientist Michael Faraday in 1825 in illuminating gas.
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					Chemistry around us
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				Toluene is frequently used as a solvent for oil-based paints.

			

		

		
			
				 

				What exactly causes the new car smell?
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				toluene - толуол / толуол;

				resin - смола / шайыр;

				adhesive - желім / клей;

				precursor - прекурсор;

				vaccine - вакцина;

				xylene - ксилол;

				leather - былғары / кожа;

				dentistry - стоматология;

				almond - бадам / миндаль. 
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					Terminology
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					Chemfact
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				A similar substitution reaction can be used to make aniline. Treatment of bromobenzene with KNH2 in liquid NH3 gives aniline:

			

		

		
			
				Though, hydrogenation of nitrobenzene is an industrial method of aniline preparation:

			

		

		
			
				Aniline is used to prepare herbicides, dyes and pigments, drugs. For instance, paracetamol is synthesized from aniline. Some aniline derivatives are antioxidants. Aniline is a precursor to indigo, the blue of blue jeans.

			

		

		
			
				Xylenes are produced by the methylation of toluene and benzene.

				Xylene isomers are used in the production of plastic bottles and polyester clothing. Also, xylene found its application as a solvent in printing, rubber, leather industries and even in dentistry. 

			

		

		
			
				More than half of produced phenol involve its conversion to precursors for plastics and drugs, like aspirin. Also, phenol is used as a preservative in some vaccines.

			

		

		
			
				Toluene is now often used as a substitute for benzene. It is used to make explosives, foam. It also can be used as a fuel additive and solvent.

			

		

		
			
				As a result of the nucleophilic substitution of chlorobenzene, phenol can be prepared. The following reaction can be used in an industrial scale. 

			

		

		
			
				Aniline

			

		

		
			
				Xylene

			

		

		
			
				Phenol 
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					Chemfact
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				Although, aspirin whose use goes back to the late 1800s is more dangerous than commonly believed. 15 g of it can lead to the death of a small child and can cause allergic reactions in long-term users. 

			

		

		
			
				Acetylsalicylic acids also known as aspirin. 
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				1. What is the best way of ethylbenzene synthesis?

				2. How do convert acetylene to toluene?

				3. Why is there a circle drawn in the middle of the benzene structure?

				4. How to convert benzene to aniline?

				5. 26.5 grams of ethylbenzene is obtained by the Friedel - Crafts method. How many grams of benzene was used in the reaction?
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				Literacy
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				Bitter almonds are the source of the aromatic compound benzaldehyde C6H5CHO.
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					Research time
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				Open in browser "avogadro.cc". Download it on the computer. Build the molecular structures of benzene derivatives.
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				Chemical properties of benzene and its derivatives

			

		

		
			
				1.3

			

		

		
			
				 

				- write addition reactions which are characteristic for benzene and its derivatives;

				- explain reaction mechanisms of nitration and halogenation of benzene;

				- explain the importance of benzene for the synthesis of organic compounds;

				-explain the mutual influence of atoms in a toluene molecule.
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				Benzene is an unsaturated compound however its special structure makes it stable. So, unlike other unsaturated compounds, alkenes, and alkynes, benzene primarily undergoes substitution reactions rather than addition reactions.

			

		

		
			
				Substitution reactions occur between electrophilic reagents (electron-deficient) and the benzene ring which is electron-rich. Electrophiles attack the benzene ring, replacing one of the hydrogen atoms, this is known as a substitution reaction.

			

		

		
			
				Benzene can undergo substitution reactions with halogens, HNO3, alkyl halides (RX), and H2SO4.

			

		

		
			
				In the presence of a Lewis acid (FeCl3 or FeBr3) benzene undergoes substitution reactions with halogens giving good yields.

			

		

		
			
				When benzene is reacted with a mixture of concentrated nitric acid and concentrated sulfuric acid, it yields nitrobenzene.

			

		

		
			
				If benzene is reacted with an alkyl halide in the presence of AlCl3 catalyst, alkylbenzenes are produced. In 1877 a French chemist, Charles Friedel, and his American collaborator, James M. Crafts discovered this method for preparing alkylbenzenes. These reactions are now known as Friedel - Crafts reactions.
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				Substitution reaction with alkyl halides
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				Vanillin C8H8O3 is the primary component of the extract of the vanilla bean. Vanillin can be used as a food additive in making food.
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				Chemists in the oil and petroleum industry use chemistry to work with petroleum and the products.
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				substitution - орынбасу / замещение;

				electrophile - электрофиль; 

				Lewis acid - Льюис қышқылы / кислота Льюиса.
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				If benzene reacts with a hot, concentrated sulfuric acid solution, benzene sulfonic acid is produced.

			

		

		
			
				As well as substitution reactions, benzene can undergo addition reactions under certain conditions, although it is difficult. 

				Benzene undergoes an addition reaction with hydrogen with a platinum/rhodium catalyst at 2-3 atm pressure and at 30°C:

			

		

		
			
				Under sunlight or ultraviolet rays chlorine reacts with benzene to yield hexachlorocyclohexane:

			

		

		
			
				Methylbenzene enters into all substitution reactions in which benzene is involved, and at the same time exhibits a higher reactivity, the reactions proceed with great speed.

				The methyl radical contained in the toluene molecule is a type I oriented, therefore, as a result of substitution reactions in the benzene core, ortho- and para- derivatives of toluene are obtained or, with in excess of the reagent, tri-derivatives of the general formula:

			

		

		
			
				For example, during the nitration of toluene with С6Н5CH3 (70°С), not one but three hydrogen atoms are replaced with the formation of 2,4,6-trinitrotoluene:

			

		

		
			
				Here the mutual influence of atoms in a molecule on the reactivity of a substance is observed. The methyl group CH3 (due to the + I-effect) increases the electron density in the benzene ring at positions 2, 4 and 6 and facilitates substitution precisely in these positions.

			

		

		
			
				Addition reactions

			

		

		
			
				Toluene molecule and its chemical properties

			

		

		
			
				Substitution reaction with sulfuric acid
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				Literacy

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				1. What is the best way of methylbenzene synthesis?

				2. How do convert benzene to TNT?

				3. Find the volume of hydrogen (at STP) necessary to saturate 15.6 grams of benzene?

				4. 10.6 grams of ethylbenzene is obtained by the Friedel - Crafts method. How many moles of ethyl bromide was used in the reaction?

				5. Find the mass of benzene that is obtained from the acetylene that takes up a volume of 13.44 L at STP. The yield of the reaction is 80%.
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					Chemfact
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				Benzo[a]pyrene is one of polycyclic aromatic hydrocarbon (PAH) that are formed during the incomplete combustion of organic matter. Benzo[a]pyrene is a potent carcinogen and mutagen. 
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					Research time
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				Open in browser "pubchem.ncbi.nlm.nih.gov". Find the information about benzene and its derivatives. Research the toxicity properties of benzene, toluene, nitrobenzene, aniline. Share with your classmates. 
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				Example 1

			

		

		
			
				Naming an aromatic compound
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				You will often come across labels on pharmaceuticals and in other contexts that are expressed in IUPAC names, and it is a part of your scientific training to be able to interpret them.

				Name the compounds:

				Solution

				Name the compounds by counting around the ring in the direction that gives the smallest numbers to the substituents.

				a) toluene (methylbenzene)

				b) 1,2-dimethylbenzene (ortho-xylene or o-xylene)

				c) 1,3-dimethylbenzene (meta-xylene or m-xylene)

				d) 1,4-dimethylbenzene (para-xylene or p-xylene)

				e) 1-ethyl-3-methylbenzene 
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				Self test

			

		

		
			
				Self test
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				Name the compounds:

			

		

		
			
				1. Find the mass of benzene that is obtained from the acetylene that takes up a volume of 1.12 L at STP. The yield of the reaction is 95%.

				2. Find the mass of nitrobenzene that is obtained from the benzene that takes up a mass of 56 g.
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				Solving exercises
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				Example 2

			

		

		
			
				Calculating the mass of product that can be obtained from a given volume/mass of reactant
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				Find the mass of benzene that is obtained from the acetylene that takes up a volume of 2.24 L at STP. The yield of the reaction is 70%.

				Solution

				The balanced chemical equation is

				3 C2H2 = C6H6 

				which implies that

				3 mol of C2H2 ------ 1 mol of C6H6

				a) The molar mass of acetylene is 26 g/mol and that of benzene is 78 g/mol.

				Step 1

				Convert the given volume of C2H2 into amount of C2H2 by using its molar volume (n=V/22.4): 

				n (C2H2) = 2.24 L / 22.4 L/mol = 0.1 mol 

				Step 2

				Use the mole ratio to convert from the amount of C2H2 to the amount of C6H6:

				3 mol of C2H2 ------ 1 mol of C6H6

				0.1 mol of C2H2 ------ x mol of C6H6

				x = 0.1×1 / 3 = 0.033 mol of C6H6

				Step 3

				Convert from amount of C6H6 into mass of C6H6 by using its molar mass (m=n×Mr)

				(theoretical yield):

				m(C6H6)=0.033 mol × 78 g/mol = 2.6 g

				Step 4 

				Calculate the actual yield:

				m(C6H6) = 2.6 × 70%/100% = 1.82 g
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				Example 3

			

		

		
			
				Calculating the mass of reagent
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				What volume of air is needed to burn 92 grams of toluene (C6H5CH3)?

				Solution

				The balanced chemical equation is

				C6H5CH3 + 9O2 = 7CO2 + 4H2O

				which implies that

				1 mol of C6H5CH3 ------ 9 mol of O2

				a) The molar mass of toluene is 92 g/mol and that of oxygen is 32 g/mol.

				Step 1

				Convert the given mass of C6H5CH3 into amount of C6H5CH3 by using its molar mass (n=m/Mr): 

				n (C6H5CH3) = 92/92 = 1 mol 

				Step 2

				Use the mole ratio to convert from the amount of C6H5CH3 to the amount of O2:

				1 mol of C6H5CH3 ------ 9 mol of O2

				1 mol of C6H5CH3 ------ x mol of O2

				x = 9×1 / 1 = 9 mol of O2

				Step 3

				Convert from amount of O2 into volume of O2 by using molar volume (V=n ×22.4):

				V(O2)=9 mol × 22.4 L/mol = 201.6 L = 0.2016 m3

				Step 4 

				Calculate the volume of air:

				Oxygen in air = 21%

				V(O2) ------- 21%

				V(air) ------ 100%

				201.6 L ----- 21%

				V(air) ------ 100% 

				V(air) = 201.6 × 100% / 21% = 960 L = 0.96 m3
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				Self test
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				1. What volume of air is needed to burn 4.5 grams of toluene?

				2. What volume of oxygen is needed to burn 18 grams of benzene?

				3. What volume of oxygen is needed to burn 40 grams of ethylbenzene (C6H5C2H5)?
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				Example 4

			

		

		
			
				Writing the formulas of structural isomers
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				Draw the structural formulas of the aromatic isomers of C8H10.

				Solution

				From C8H10 (ethylbenzene C6H5C2H5), we can form
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				Self test
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				1. Draw the structural formulas of the aromatic isomers of C7H8.

				2. Draw the structural formulas of the aromatic isomers of C8H12.
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				Questions and problems

			

		

		
			
				1. Explain the bonding in the toluene molecule.

				2. Which of the following are aromatic compounds?

				a. benzene

				b. ethanol 

				c. methane

				d. phenol

				e. nitrobenzene

				f. ethylene

				g. acetone

				h. xylene

				i. methyl formate

				j. cyclopentane

				3. Find the mass of benzene that is obtained from the acetylene that takes up a volume of 2.54 L at STP.

				4. Find the volume of hydrogen (at STP) necessary to saturate 80 grams of benzene?

				5. 120 grams of ethylbenzene is obtained by the Friedel - Crafts method. How many grams of ethyl bromide was used in the reaction?

				6. What is the general formula that describes the arenes?

				7. 0.25 mole of an aromatic hydrocarbon weighs 23 g. Find its molecular formula.

				8. An aromatic hydrocarbon contains 10.45% H by mass. Find the molecular formula of this compound.

				9. Show all the possible structural formulas of C8H10 (aromatic hydrocarbon).

				10. Complete and balance the following reactions:

				- C6H6 + 3Cl2 →

				- C6H5-CH3 + O2 → 

				- C6H6 + CH3Cl →(cat. AlCl3) →

				- C10H14 + O2 → 

				11. Write the formula of the compound that is formed by the reaction of benzene with nitric 

				acid (cat. H2SO4) at high temperatures?

				 

				12. What volume of air is needed to burn 54 grams of toluene?

				13. In order to saturate 3 moles mixture of C6H6 and C6H14 6.3 moles of H2 is needed. What is the mole percentage of C6H6 in the starting mixture?

				14. Draw the structural formulas of the aromatic isomers of C9H12.

				15. Name the followings:

				 

				16. Draw the structural formulae of the compounds below

				- nitrobenzene

				- hexachlorobenzene

				- triphenylmethane

				- m–bromophenol

				- p - dichlorobenzene

				- o - ethylnitrobenzene

				17. For benzene;

				I. It is an aromatic compound.

				II. Its empirical formula is CH.

				III. It contains 3 π and 12 -bonds.

				Which of the above statements is/are correct?
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					CYCLIC ORGANIC COMPOUNDS

				

			

			
				
					2

				

			

			
				
					CHAPTER

				

			

		

		
			
				2.1 IUPAC nomenclature of aromatic and heterocyclic compounds 

				2.2 Asymmetric carbon atoms. Stereoisomers.

				Questions and Problems
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				Chlorophyll is the major pigment used by plants for capturing light energy. A chlorophyll molecule consists of a porphyrin head and a long hydrocarbon tail.
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				IUPAC nomenclature of aromatic and heterocyclic compounds

			

		

		
			
				2.1

			

		

		
			
				 

				- name cyclic, aromatic and heterocyclic compounds using IUPAC nomenclature.

			

		

		
			
				Cycloalkanes are named by adding the prefix cyclo- to the names of the alkanes. For example, the cycloalkane with three carbon atoms is called cyclopropane.

				If there is a substituent attached to the ring, we name them as, alkylcycloalkanes, halocycloalkanes, etc. For example,

			

		

		
			
				When the number of carbon atoms in the substituents is more than that in the cycloalkane itself then they are named as cycloalkylalkanes
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					You will
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				Nomenclature of cycloalkanes

			

		

		
			
				Organic compounds which are derivatives of benzene hydrocarbon C6H6, are known as arenes. They form a special branch of organic chemistry and have different properties from all other aliphatic compounds.

				Benzene and compounds having similar chemical properties to benzene are called aromatic compounds. The name “aromatic” is used because of the characteristic and pleasant odours of these compounds. Aromatic hydrocarbons are also known as arenes (Appendix C). The simplest aromatic hydrocarbon is benzene. The most important source of arenes is coke, though some aromatic hydrocarbons may also be obtained from petroleum by cracking.

				Nomenclature of benzene derivatives

			

		

		
			
				Nomenclature of arenes

			

		

		
			
				 

				How to name aromatic compounds?
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					Cyclopentane is used in the manufacture of synthetic resins
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					Activity

				

			

		

		
			
				Write a description of heterocyclic compounds. Use the internet to help you. Include the following information:

				- toxicity;

				- consisting biomolecules;

				- physical properties.
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				Nomenclature of heterocyclic compounds
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				Example

			

		

		
			
				Naming cycloalkanes
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				Name the following cycloalkanes

				Solution

				a. 1-butyl-3-methylcyclohexane. Substituents are attached to the 1st and 3rd

				carbon atoms of the ring. The name of butyl comes before methyl

				alphabetically. So, the numbering starts from the butyl group.

				b. 2-cyclohexyl-3,5-dimethylheptane. The number of carbon atoms is 7 in the

				straight-chained alkane and 6 in cycloalkane. Hence, it must be named as a

				cycloalkylalkane.
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				DNA molecules composed of alternating purine-pyrimidine nucleotides

			

		

		
			
				The structure of B12 vitamin consists of 4 pyrrole subunits
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					Chemfact
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				Furane can be found in roasted and instant coffee.
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				More Appendix D.
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				Asymmetric carbon atoms. Stereoisomers.

			

		

		
			
				2.2

			

		

		
			
				 

				- write structural formulas of stereoisomers;

				- determine asymmetric carbon atoms.

			

		

		
			
				Isomers are organic compounds that have same molecular formula but differ in the way how atoms are connected in a molecule. Before, you was dealing only with one type of isomers, constitutional isomers. For instance, butane and isobutane are constitutional isomer, their atoms are connected in a different order. However, there are some isomers, whose atoms are connected in same order but differ in three-dimensional orientation. We call them stereoisomers. The most common examples of stereoisomers in cycloalkanes are isomers of 1,2-dimethylcyclopropane: 

			

		

		
			
				When cycloalkanes are viewed edge-on we can distinguish two faces - "top" and "bottom" ones. So, 1,2-dimethylcyclopropane can exist in two different stereoisomers: cis-isomer, when two methyl groups of are on the same face of the ring (1) and trans-isomer, with the methyl groups on opposite faces (2). 

			

		

		
			
				Cis-trans isomerism can occur whenever both double bond carbons are attached to two different substituent groups in alkenes. Cis-trans isomers of 2-butene:

			

		

		
			
				However, cis-trans naming system works only with alkenes that have two substituents (disubstituted). When it comes to trisubstituted or tetrasubstituted alkenes it is preferable to use E, Z nomenclature system. 

				According to the E, Z system, substituted groups are classified by the priority principle. Each doubly bonded carbon need to be considered separately. Moreover, a set of sequence rules is used to decide which of the two attached groups is higher in priority. If both higher-priority groups on each carbon are on the same side of double bond, then the isomer is designated Z. If higher-priority groups are on the opposite sides, the alkene is designated E. From the German zusammen meaning "together" while entgegen "opposite". The priorities of the substituents are determined by the atomic number with atoms of higher atomic number having higher priority:

			

		

		
			
				Let's consider isomers of 2-chloro-2-butene: 

			

		

		
			
				Note: the letters E and Z are not used in cycloalkanes

			

		

		
			
				cis-2-butene 

			

		

		
			
				trans-2-butene 
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					You will
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				Stereoisomers

			

		

		
			
				Geometrical isomers of alkenes
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				Chemfact
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				Configurational isomers are extremely important especially in biological chemistry. For example, the pain reliever Ibuprofen exists as configurational isomers but only one isomer is effective in treating pain.
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					Keep in mind
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					Keep in mind

				

			

		

		
			
				Chiral comes from Greek kheir, that means hand. 

			

		

		
			
				You can't superimpose your left hand on your right hand.
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					Chemfact
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				Another type of isomerization occurs when four different substituents are attached to a carbon atom. For instance, central carbon of lactic acid or 2-hydroxypropanoic acid have four substituents: CH3-, -OH, H- and -COOH.

			

		

		
			
				Such carbon atoms are called asymmetric carbon atoms. Although, this term is obsolete, now name chiral carbon is used. This is called configurational isomerism. Configurational isomers have as their only difference the way they are oriented in space, their three-dimensional arrangement:

			

		

		
			
				Molecule of lactic acid is not identical to its mirror image. No matter how hard you try, you can't superimpose a molecule of (+)-lactic acid on a molecule of (-)-lactic acid. 

			

		

		
			
				Asymmetric carbon atoms
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					Chemfact
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					Chemfact
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				Both isomers of lactic acid are found in sour milk, but only (+)-lactic acid occurs in muscle tissue.

			

		

		
			
				The drug L-DOPA (L-dopamine) used for treatment of Parkinson's disease and effective only as the L isomer.
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				Louis Pasteur resolved a problem concerning the nature of tartaric acid in 1848. This was the first time anyone had demonstrated molecular chirality, and also the first explanation of isomerism.
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				1. Draw cis- and trans-isomers of 1,3-dimethylcyclobutane

				2. Make molecule of cis-1,2-dimethylcyclopropane and try to convert it into the trans-isomer. Can you do it without breaking chemical bonds?

				3. Is methylcyclohexane a chiral molecule? What about 2-methylcyclohexanone?
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					Example
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					Determine whether 2-chlorobutane contains chiral center or not.

					Solution

					2-chlorobutane is a chiral molecule because four different groups are attached to second carbon in a chain. Chiral center is marked with asterisk.
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				Questions and problems
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				1. Write out the structural formulae of the given compounds:

				- nitrobenzene 

				- o-nitrotoluene

				- m-dinitrobenzene 

				- 2,4,6 - trinitrotoluene

				- 4-chloro-2,3-dinitrotoluene

				2. Name the following compounds:

				3. Write down the structural formulae of the given compounds:

				- aniline

				- diphenylamine

				- anilinium bromide 

				- 2-amino-4-nitrotoluene 

				- p-toluidine 

				- methyl-diphenylamine

				4. Write the structural formulae of the following compounds:

				- phenol 

				- m–cresol

				- 2,4,6–trichlorophenol 

				- 2–bromo–5-methylphenol

				- m–bromophenol 

				- pyrogallol

				5. Name the following compounds:

				 

				6. Name the following compounds:

				 

				7. Name the following compounds:

				 

				8. Write the structural formulae of the following compounds:

				- 1,2-dimethylcyclobutane

				- propylcyclohexane

				- 1,1,2-trimethylcyclopropane

				- cyclohexane

				- butylcyclobutane

				- 1,3-dimethylcyclohexane

				- 1-methyl-2-propylcyclopentane

				9. Name the following compounds:

				10. Name the following compounds:

				 

				11. Name the following compounds:

				12. Write the structural formulae of the following compounds:

				- oxirane

				- furan

				- thiophene

				- ethylenimine

				- pyran

				- imidazole

				- pyrrole

				- pyrimidine

				- indole
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					CARBONYL

					COMPOUNDS

				

			

			
				
					3

				

			

			
				
					CHAPTER

				

			

		

		
			
				3.1 Structure and nomenclature of carbonyl compounds

				3.2 Preparation of aldehydes and ketones

				3.3 Oxidation and nucleophilic reactions of aldehydes and ketones

				3.4 Properties of carboxylic acids

				3.5 Esters and Soaps

				3.6 Fats. Structure and properties of fats

				3.7 Solving exercises 

				Questions and Problems
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				Some of the most important flavour components of orange aroma include acetaldehyde, ethyl acetate, acetal and ethyl butyrate.
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				Structure and nomenclature of carbonyl compounds

			

		

		
			
				3.1

			

		

		
			
				 

				- know the structure of functional groups of aldehydes and ketones;

				- write structural formulas and IUPAC nomenclature of aldehydes and ketones.
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				You will
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				The -C=O group is known as the carbonyl group in organic compounds. This group is found in aldehydes, ketones, carboxylic acids, esters, and acid derivatives.

				In this group, the carbon atom is sp2-hybridized. As a result of the hybridization, three  - bonds and one π-bond are formed. Sigma bonds, which lie in a plane with bond angles of 120°, are present between the carbon-oxygen and carbon-alkyl groups.

				Since the carbonyl group contains different atoms, it is polar. In the C=O bond, oxygen is much more electronegative than carbon and so, the electron density in the bond is displaced towards the oxygen atom. This results in the double bond electrons being shifted towards the oxygen atom. 

				
					[image: ]
				

			

		

		
			
				1. Find the longest chain containing the carbonyl -C(H)=O group, and change the -e ending of the parent alkane to the suffix -al.

				 2. Number the chain or ring to put the -C(H)=O group at C1, but omit this number from the name. Apply all of the other usual rules of nomenclature.

			

		

		
			
				- An aldehyde has at least one H atom bonded to the carbonyl group.

				- A ketone has two alkyl groups bonded to the carbonyl group.

			

		

		
			
				Structure and bonding

			

		

		
			
				Nomenclature of aldehydes
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				Example 1
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				Give the IUPAC name for aldehyde.

					(CH3)2CHCH2CH2CH2CHO

				Solution

				1) Find and name the longest chain containing the CHO.

					(CH3)2CHCH2CH2CH2CHO

					hexane (6C’s) → hexanal 

				2) Number and name substituents, making sure 

				the -C(H)=O group is at C1. 

				Answer: 5-methylhexanal
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					Chemfact
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					Cinnamaldehyde C6H5CH=CHCHO produces the characteristic odour and flavor of cinnamon. 

				

			

			
				[image: ]
			

		

		
			
				 

				Which flowers are mostly used in the perfume industry?
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					Research time
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				Open in browser "sciencedirrect.com". Find articles about formaldehyde and its properties. Make a mini-poster. 
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					Research time
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				Open in browser "avogadro.cc". Download it on the computer. Build the molecular structures of formaldehyde, acetaldehyde, etc. 
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					Career
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				Chemoinformatics specialists use knowledge of chemical compounds and their structures, properties to predict newly synthesized compounds and their properties. 
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				Differences between aldehyde and ketone structures
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					Acetaldehyde structure

				

			

			
				
					Acetone structure
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				1. Find the longest chain containing the carbonyl group, and change the -e ending of the parent alkane to the suffix -one.

				 2. Number the carbon chain to give the carbonyl carbon the lower number. Apply all of the other usual rules of nomenclature.

			

		

		
			
				Nomenclature of ketones
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						Activity

					

				

			

			
				
					Write the characteristics of natural aldehydes and ketones. Find out more using the internet. Include the following information:

					- odours and flavors of compounds

					- where are they found?

					- usage areas of compounds

					- how to synthesize in the lab?
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					Chemfact
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				Muscone, C16H30O a strongly scented ketone isolated from musk, is an ingredient in many perfumes.
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					Chemistry around us
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				Octanal C8H16O, decanal C10H20O, and piperitone C10H16O are among the many organic compounds that contribute to the flavor and odour of an orange.
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				1. What is the difference in structure between an aldehyde and a ketone?

				2. Draw the structure of the 3 isomers of molecular formula C4H8O that contain a carbonyl group.

				3. Give the structure corresponding to each IUPAC name:

				- 2,3-dimethylpentanal

				- 2-ethylpentanal

				- 4,6-diethylnonanal

				- 3-chloropropanal

				4. Give the IUPAC name for each ketone.

				5. Write structural formulas for all ketones with the molecular formula C6H12O and give the IUPAC name of each.
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					Literacy
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					Example 2
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					Give IUPAC names for ketone.

					Solution

					1. Find and name the longest chain containing the carbonyl group.

					 heptane (7C’s) → heptanone

					2. Number and name substituents, making sure the carbonyl carbon has the lowest possible number.

					Answer: 4-methyl-3-heptanone
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				perfume - әтір / духи;

				cinnamon - даршын / корица;

				chemoinformatics - хемоинформатика; 

				flavor - хош иіс / запах; 

				musk - жұпар су / мускус.
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					Terminology
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				Preparation of aldehydes and ketones

			

		

		
			
				3.2

			

		

		
			
				 

				– explain different ways of preparation of aldehydes and ketones.
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				You will
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				Aldehydes are readily prepared by the oxidation of alcohols. Oxidation of primary alcohols with a catalyst produces aldehydes. Their oxidation state lies between that of primary alcohols and that of carboxylic acids.

			

		

		
			
				Aldehydes are obtained from primary alcohols by removing H2 in the presence of a copper chromite (CuO • Cr2O3) catalyst. To do this, alcohol vapor at 250-300 °C is passed over hot CuO • Cr2O3. One hydrogen molecule from each alcohol molecule is removed in the reaction. Thus, alcohol is oxidized to an aldehyde. A hydrogen molecule can also be removed from low molar mass alcohols using just CuO as the catalyst.

			

		

		
			
				Just as the oxidation products of aldehydes are carboxylic acids, the reduction products of carboxylic acids are aldehydes. To carry out this reaction, any carboxylic acid with formic acid is passed in a gaseous state over a catalyst of TiO2 at 300-350°C. As a result, an aldehyde is obtained and CO2 and H2O are given out.

			

		

		
			
				Preparation of aldehydes

			

		

		
			
				Oxidation of primary alcohols

			

		

		
			
				Dehydrogenation of primary alcohols

			

		

		
			
				Reduction of Carboxylic Acid

			

		

		
			
				In this reaction K2Cr2O7 is used as the oxidizing agent
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						Keep in mind

					

				

			

			
				
					If H2 is removed from a molecule, it is called dehydrogenation. If H2 is added, it is called hydrogenation.
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				Chemfact
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				Formaldehyde HCHO is a colourless gas with a pungent odour and most commonly used as a 40% solution in water known as formalin. Formaldehyde is widely used to manufacture building materials and numerous household products.

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				
					[image: ]
				

				
					
						Chemistry around us
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					Pure acetaldehyde is a colourless, volatile and poisonous liquid that is miscible with water. Acetaldehyde is used for synthesizing many organic compounds such as acetic acid, ethyl alcohol, and synthetic rubber.Acetaldehyde is an air pollutant emitted by cars and certain production facilities. It is also contained in tobacco smoke. It is classified as a probable carcinogen.
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				What makes acetone a really good solvent?
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				pungent - өткір / острый;

				carcinogen - канцероген; 

				lacquer - лак.
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					Terminology
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				The dry distillation of the calcium salts of carboxylic acids produces ketones.

			

		

		
			
				By adding water to alkynes other than acetylene, ketones are produced. The addition reaction occurs in the presence of H2SO4 and HgSO4 catalysts.

			

		

		
			
				Heating calcium salts of carboxylic acid

			

		

		
			
				Addition of water to alkynes
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					Chemistry around us
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				Acetone is a colourless, volatile liquid with a pleasant odour. It is a wonderful organic solvent, dissolving varnishes, lacquers, resins, plastics, paints, oils, and their derivatives. The most familiar household use of acetone is the active substance in nail polish remover.
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				1. Which alcohols need to be oxidized to produce following aldehydes?

				a. formaldehyde

				b. 2-methylpropanal

				c. 2,2-dimethylbutanal

				2. What is the molecular formula of the aldehyde that contains 69.77 % C, 11.63 % H and 18.60 % O by mass?

				3. When 15 grams of a monoalcohol is oxidized, 5.6 L of gaseous aldehyde is obtained at STP. What is the molar mass of this aldehyde?

				4. Which aldehydes are obtained when the following alcohols are oxidized?

				a. ethyl alcohol

				b. 2-methylbutanol

				c. isobutyl alcohol
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					Literacy
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				Ketones are formed by oxidising secondary alcohols. The boiling points of ketones are lower than those of the corresponding alcohols. As mentioned previously, oxidation can occur with different reactants under different conditions.

			

		

		
			
				Oxidation of secondary alcohols

			

		

		
			
				Preparation of ketones
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					Research time
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				Open in browser "rxn.res.ibm.com". Create an account. Draw the structures of chemical compounds and predict the products of chemical reactions online. Compare your results with book information.
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				Oxidation and nucleophilic reactions of aldehydes and ketones

			

		

		
			
				3.3

			

		

		
			
				 

				- know how to detect aldehydes and ketones;

				- write the redox reactions of aldehydes and ketones;

				- give examples of nucleophilic substitution reactions of aldehydes and ketones.
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				Aldehydes are readily oxidized by strong oxidizing agents such as KMnO4, K2Cr2O7 or K2CrO4 in the presence of acids. They form carboxylic acids.

			

		

		
			
				In addition to this, aldehydes are also oxidized by some oxidizing agents such as Tollens’, Fehling's and Benedict's reagents. These reactions are characteristic reactions of aldehydes.

			

		

		
			
				Mixing aqueous silver nitrate with aqueous ammonia produces a solution known as Tollens’ reagent. The reagent contains the diamminosilver (I) ion [Ag(NH3)]2+. During the test, silver is reduced from the +1 oxidation state to metallic silver as it oxidizes aldehydes to carboxylate ions.

			

		

		
			
				Tollens' reagent reacts with some aldehydes in cold conditions and some aldehydes in hot conditions. Metallic silver, produced in the reaction, is deposited on the walls of the vessel (silver mirror) or it precipitates. This reaction is used to detect the presence of an aldehyde or to distinguish between aldehydes and ketones.

			

		

		
			
				The most common reactions of compounds containing the carbonyl group are addition reactions.

			

		

		
			
				Under specific conditions, symmetric ketones may be oxidized to two different carboxylic acids, and unsymmetric ketones oxidized to four different acids.

			

		

		
			
				This reaction can be shown more simply like this. 

			

		

		
			
				Oxidation reactions

			

		

		
			
				Addition reactions

			

		

		
			
				Silver-mirror test 
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						Chemistry around us
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					Citral (geranial, natural aldehyde) C10H16O is isolated from lemongrass oil which is synthesized from lemongrass by steam distillation. 
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				citral - цитраль;

				lemongrass - лимон майы / лимонник;

				Tollens' reagent - Толленс реагенті / реагент Толленса;

				silver-mirror - күміс-айна / серебро-зеркало;

				camphor - камфора;

				menthol - ментол.
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					Terminology
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				1. Aldehydes react with H2 in the presence of a nickel, platinum catalyst to form primary alcohols.

			

		

		
			
				Hydrogen can be added to ketones using metal catalysts such as Ni, Pt, and Pd to form secondary alcohols. In these reactions, the ketones are reduced.

			

		

		
			
				2. When aldehydes react with water, unstable hydrate compounds are formed.

			

		

		
			
				By adding water to ketones, unstable ketone hydrates are formed.

			

		

		
			
				3. Alcohols can be added to aldehydes in the presence of an anhydrous acid catalyst.

			

		

		
			
				Alcohol can be added to ketones in the presence of anhydrous acids.
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					Chemfact
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				Camphor (natural ketone) C10H16O is extracted from the bark and wood of the camphor laurel. Camphor is used in medicine: it is readily absorbed through the skin and produces a cool feeling, similar to that of menthol. 
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					Activity

				

			

		

		
			
				Write a description of aldehydes (C7-C14) in the perfume industry. Use the internet to help you. Include the following information:

				- odours of aldehydes

				- physical properties
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					1. Write an equation for the reaction of each of the following with Tollens' reagent.

					- formaldehyde; - acetaldehyde

					2. Draw a structural formula for the principal organic product formed when each compound is treated with K2Cr2O7/H2SO4.

					- butanal; - acetaldehyde

					3. Explain why the reduction of an aldehyde always gives primary alcohol and the reduction of a ketone always gives secondary alcohol.

					4. Draw a structural formula for the product formed by treatment of methanal with each set of reagents: - H2/ metal cat., - H2O

					5. What product is formed when each compound is treated with Tollens reagent (Ag2O, NH4OH)? - CH3CHO; - CH3CH2CHO
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						Literacy
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					Research time

				

			

			
				[image: ]
			

		

		
			
				Install the app Organic chemistry flashcards on your smartphone. Choose topic Aldehydes and ketones. Answer to the questions.
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				Properties of carboxylic acids

			

		

		
			
				3.4

			

		

		
			
				 

				- explain the physical properties and preparation methods of carboxylic acids;

				- write reaction equations that characterize the chemical properties of carboxylic acids.
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				You will
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				The first three members of the saturated monocarboxylic acids are colourless liquids with a sharp odour (Table 2.1). Carboxylic acids with carbon numbers between 4 and 9 smell of butter and almond oil. The smell of spoilt butter and cheese and the unpleasant odour of sweat is due to acid formation. For example, butyric acid smells like butter because it is found in butter.

				Carboxylic acids having more than ten carbons are odourless, wax-like solids. The acids from C14 to C22 are found in vegetable oils and fats and are known as fatty acids (Appendix I).

			

		

		
			
				Oxidation of primary alcohols produces aldehydes, and oxidation of aldehydes produces carboxylic acids. For these oxidation reactions, KMnO4 and K2Cr2O7 solutions are used in acidic medium.

			

		

		
			
				When alkenes react with a hot, basic solution of KMnO4 they are oxidized to carboxylic acids. If straight-chain alkenes are used, monocarboxylic acids are produced.

			

		

		
			
				Physical properties of carboxylic acids

			

		

		
			
				Preparation of carboxylic acids
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				Table 2.1

			

		

		
			
				Physical properties of carboxylic acids

			

		

		
			
				
					IUPAC Name

				

				
					Common Name

				

				
					Chemical formula

				

				
					Melting point (°C)

				

				
					Boiling point

					(°C)

				

				
					*Solubility

					(g/100 mL water)

				

				
					Methanoic acid

				

				
					Formic acid

				

				
					HCOOH

				

				
					8.5

				

				
					100.5

				

				
					∞

				

				
					Ethanoic acid

				

				
					Acetic acid

				

				
					CH3COOH

				

				
					16.6

				

				
					118

				

				
					∞

				

				
					Propanoic acid

				

				
					Propionic acid

				

				
					CH3CH2COOH

				

				
					– 21.5

				

				
					141

				

				
					∞

				

				
					Butanoic acid

				

				
					n – butyric acid

				

				
					CH3(CH2)2COOH

				

				
					– 8

				

				
					164

				

				
					∞

				

				
					Pentanoic acid

				

				
					n – valeric acid

				

				
					CH3(CH2)3COOH

				

				
					– 19

				

				
					187

				

				
					4.97

				

				
					Hexanoic acid

				

				
					Caproic acid

				

				
					CH3(CH2)4COOH

				

				
					– 3

				

				
					205

				

				
					1.08

				

				
					Heptanoic acid

				

				
					Enanthoic acid

				

				
					CH3(CH2)5COOH

				

				
					– 10.5

				

				
					223

				

				
					0.26

				

				
					Propenoic acid

				

				
					Acrylic acid

				

				
					H2C=CHCOOH

				

				
					– 13

				

				
					141

				

				
					slightly soluble

				

				
					Benzenecarboxylic acid

				

				
					Benzoic acid

				

				
					C6H5COOH

				

				
					122

				

				
					250

				

				
					0.34

				

			

		

		
			
				Oxidation of primary alcohols and aldehydes

			

		

		
			
				Oxidation of alkenes

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Chemfact
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				Formic acid (Formica) HCOOH got its name because it was first isolated in 1670 by the English naturalist John Ray from red forest ants. In nature, it is also found in bees, nettles, and needles.
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				Molecular structure of butyric acid

			

		

		
			
				 

				What are the benefits of consuming lemon water in the morning?
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					Research time
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				Open in browser "compoundchem.com". Choose Everyday chemicals. Find the information, posters about acetic acid. And share with your classmates. 
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				Reactions of carboxylic acids can occur in two ways: bond cleavage of the O-H bond and bond cleavage of the C-O bond. When the O-H bond is broken, H+ is produced and when the C-O bond is broken, -OH is produced.

			

		

		
			
				Carboxylic acids undergo reactions with active metals to form carboxylate salts and hydrogen gas.

			

		

		
			
				Carboxylic acids react with bases in the same way as inorganic acids do to form salt and water. 

			

		

		
			
				Carboxylic acids react with basic salts, such as CaCO3 and NaHCO3, to form CO2, salt and water.

			

		

		
			
				When carboxylate salts react with acid halogens or their solutions, carboxylic acids are formed.

			

		

		
			
				Chemical properties of carboxylic acids

			

		

		
			
				Reaction of carboxylate salts

			

		

		
			
				Neutralization reactions

			

		

		
			
				Reactions with salts

			

		

		
			
				Salt formation

			

		

		
			
				2CH3COOH + Mg → (CH3COO)2Mg + H2 ↑

				 acetic acid	magnesium acetate

			

		

		
			
				HCOOH + NaOH → HCOONa + H2O

				formic acid	sodium formate

			

		

		
			
				2CH3COOH + MgCO3 → Mg(CH3COO)2 + CO2 + H2O

				acetic acid	magnesium acetate
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					Chemistry around us
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				Butter contains butyric acid СH3(CH2)2СООН. The amount of butyric acid increases when butter is spoilt, giving it an unpleasant odour.
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					Chemfact
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				Aldehydes are easily oxidized by oxygen in the air. When butanal stands at room temperature, it slowly develops the characteristic smell of its oxidation product, C3H7COOH butanoic acid, a compound that contributes to the distinctive odour of human sweat. 
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					1. Complete the following reactions:

					a. CH3COOH + Zn →	

					b. C2H5COOH + Ba(OH)2 → 

					c. HCOOH + Al → 

					2. 24 grams of a monocarboxylic acid reacts with an excess amount of Mg and 4.48 L hydrogen gas (H2) is produced at STP. What is the molecular formula of the carboxylic acid?
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						Literacy
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				Exploring properties of acetic acid
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						Lab work №2
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				Materials: acetic acid solution 3-4% (vinegar), magnesium ribbons, sodium carbonate, sodium hydroxide solutions, test tubes, test tube rack, pipette, phenolphthalein indicator solution. 

				Procedure:

				1. Use a 3-4 ml of dilute acetic acid. 

				2. Place 3 test tubes in the test tube rack and number them from 1 to 3 with a marker pen. 

				3. Place about 3 ml of acetic acid into test tubes.

				4. Put the magnesium ribbon into the first test tube. Record your observations. 

				5. Add the sodium carbonate solution into the test tube 2. 

				6. Place 2-3 drops of phenolphthalein solution into the test tube 3 and add the sodium hydroxide solution until the colour of the phenolphthalein solution becomes pink.

				Observation and questions:

				1. Note your observations.

				2. Write equations for the reactions of acetic acid with:

				- sodium carbonate, magnesium ribbon, sodium hydroxide solution.

				3. Is the vinegar strong or weak acid? Explain.

				Safety: Wear eye protection. Wash hands after use. 
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				almond oil - бадам майы / миндальное масло;

				nettles - қалақай / крапива;

				distinctive - ерекшелік / отличительный;

				formic acid - құмырсқа қышқылы / муравьиная кислота.
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					Terminology
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				Esters and Soaps

			

		

		
			
				3.5

			

		

		
			
				 

				- describe the mechanism of the esterification reaction;

				- name the usage areas of carboxylic acids, esters, soaps, and synthetic detergents.
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				You will
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				The most common method for the preparation of esters is Fischer esterification. Esters are produced by the reaction of acids with alcohols in the presence of concentrated sulfuric acid. Removing a molecule of water from acetic acid and ethyl alcohol gives ethyl acetate:

			

		

		
			
				This reaction is an equilibrium process. According to Le Châtelier’s principle, it is driven to the right by using excess alcohol or by removing the water as it is formed. 

			

		

		
			
				Formic acid HCOOH - antibacterial agent in livestock feed, in the production of leather, for various cleaning products. 

				Acetic acid CH3COOH - as a solvent, in the food industry, in medicine, in chemical synthesis.

				Propionic acid CH3CH2COOH - in herbicide production, in the drug and plastic industry. 

				Butyric acid CH3CH2CH2COOH - in the preparation of various butyrate esters, for making organic ester cellulose acetate butyrate (CAB), esters as food and perfume additives.

				Stearic acid C17H35COOH - in soap manufacture, in cosmetic and detergent industry, in lubricant, softening agent industry. 

				Palmitic acid CH3(CH2)14COOH - in soap, cosmetic industry. 

			

		

		
			
				They are used in perfumes, foods and drinks to give taste and pleasant smells, as a solvent, fragrances, adhesives, flavorings, plasticizers. 

			

		

		
			
				- In daily life: washing, bathing, and other types of housekeeping. 

				- In industry: as a thickener, components of some lubricants

			

		

		
			
				- Dishwashing and washing laundry

				- Biological reagent

				- Fuel additives 

			

		

		
			
				Ester formation

			

		

		
			
				Uses

			

		

		
			
				Carboxylic acids

			

		

		
			
				Esters.

			

		

		
			
				Soaps

			

		

		
			
				Detergents

			

		

		
			
				
					Preparation and properties of esters. 
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						Lab work №3
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					Introduction

					The general formula of esters is R-CO-OR’. They have a pleasant odour. They are responsible or the flavour and fragrance of many fruits and hovers such as ethyl formate (rum), n-pentyl acetate (banana), and octyl acetate (orange). Carboxylic acids react with alcohols to form esters through a condensation reaction known as esterification:

						R-COOH + HO-R’  R-COOR’ + H2O
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					Chemistry around us
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				Beeswax is largely C15H31COOC30H61; carnauba wax contains C25H51COOC30H61. Both are esters of myricyl alcohol, C30H61OH.
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				What is the difference between shampoo, detergent and soap?
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				Shampoo and soaps
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				esterification - эфирлену / этерификация;

				fragrance - хош иіс / аромат;

				plastisizer - пластификатор;

				thickener - қоюлатқыш / загуститель; 

				beeswax - балауыз / пчелиный воск.
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					Terminology
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				Materials:

				acetic acid concentrated solution, ethyl alcohol, sulfuric acid conc solution, graduated cylinder, test tube, beaker, water, tripod, burner. 

				Procedure:

				1. Measure 2 ml of concentrated acetic acid and 2 ml of ethyl alcohol with the graduated cylinder. Place them into a test tube. (Look at the figure) Caution: The ethanol is highly inflammable. Extinguish all open flames. 

				2. Measure 0.5 ml of concentrated sulfuric acid into the tube and shake the mixture.

				Caution: Sulfuric acid is highly corrosive. Wash splashes off the skin with copious water.

				3. Half fill the beaker with water and place it on the tripod. Ignite the burner and heat the water. When the water starts boiling extinguish the burner flame.

				4. Place the test tube into the hot water for about 5 minutes. Note your observations.

				5. Take the test tube out and place it into the test tube rack. Allow it to cool.

				6. Half fill another test tube with distilled water and pour the cooled mixture into it. Test the smell of the resultant solution and record your observations.

				Observation and questions:

				1. Note your observations on heating the mixture.

				2. Carefully test the smell of the product which have been formed.

				3. Write the equation for the reaction.

				4. How can you determine that the product is an ester? Explain.

				5. What is the role of sulfuric acid in the experiment? Explain. 

				Safety: Wear protective glasses. Wear protective gloves. Wash hands after use.
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					Chemfact

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				Soap was first known to be used in 2500 B.C. in Mesopotamia. It was also written by the Roman Emperor Julius Caesar that some tribes in ancient Egypt used soaps. Soap was produced using the same method as today, by heating soda or wood ash with fats.
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					1. What are the molar mass and possible formula of the ester that is formed from a

					monocarboxylic acid with molar mass 60 g/mol and a monoalcohol with molar

					mass 46 g/mol?

					2. Write the complete reactions between the following pairs of compounds and name the products.

					- propyl alcohol + butyric acid

					- propionic acid + propyl alcohol

					- formic acid + ethyl alcohol

					3. Name the compounds below:

					- CH3-COOCH3

					- H-COOC2H5

					- CH3CH2-COOCH3

					- CH3CH2CH2-COOCH2CH3

					4. Classify the followings:

					ACID ESTER SOAP

					
						CH3COOH

					

					
						C17H35COOK

					

					
						C11H23COOH

					

					
						C15H31COOK

					

					
						HCOOC2H5

					

					
						CH3COOC3H7

					

					
						C15H31COONa

					

					
						HCOOC5H11

					

					
						C17H35COONa

					

					
						C3H7COOH

					

					
						CH3COOCH3

					

					
						HCOOH
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						Literacy
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					Research time
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				Open in browser Odours of esters. Make a presentation about the smells of natural esters. Share with your classmates. 
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				Synthesis of ester
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				Fats. Structure and properties of fats

			

		

		
			
				3.6

			

		

		
			
				 

				- know the composition, structure and properties of fats, the practical application of fats.
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				You will
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				Fats are esters of fatty acids and glycerine. They are also known as triglycerides.

				Fatty acids are long, straight-chained carboxylic acids and glycerine is a trialcohol.

				Fats are formed by replacing the hydrogen atoms in the hydroxyl groups of glycerine with acyl groups of fatty acids.

			

		

		
			
				 

				Why does fast food make people fat?
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				Polar bears are the largest species of bears with thick fur and lots of fat to keep them warm.

			

		

		
			
				Molecular structure of a fat

			

		

		
			
				Palmitic acid (palm oil) molecule C15H31COOH

			

		

		
			
				Oleic acid molecule C17H33COOH

			

		

		
			
				Properties
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					Chemistry around us
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				Coldwater fish are a good source of omega-3 fatty acids.
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				Fats that come from animals are generally solids at room temperature, and those from plants or fish are usually liquids. Solid animal fats contain mainly saturated fatty acids. Vegetable oils contain high amounts of unsaturated fatty acids (except, coconut oil). The table shows the average fatty acid content of some common fats and oils (Table 2.2).

				Pure fats and oils are colourless, odourless, and tasteless. This statement may seem surprising because we all know the tastes and colours of such fats and oils as butter and olive oil. The tastes, odours, and colours are caused by small amounts of other substances dissolved in the fat or oil.
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					Keep in mind

				

			

		

		
			
				Fats - solid at room temperature;

				Oils - liquid at room temperature.
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					Research time
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				Open in browser Fats and their application. Which fats and oil are important in the soap industry? Why? 
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				palm oil - пальма майы / пальмовое масло;

				coconut oil - кокос майы / кокосовое масло;

				nutrition - тамақтану / питание;

				saponification - сабындану / омыление
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					Terminology
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					3
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						Chemfact
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					Fats play an important role in nutrition. Occurring naturally in foods; fats and oils are a concentrated form of energy for the body. As well as storing energy in the body, fats are used to insulate body tissues and help transport fat-soluble vitamins throughout the blood. 

					An important role of fats is in food preparation, they enhance food flavor, add texture, make baked products tender, and conduct heat during cooking.
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				Fat cells

			

		

		
			
				Soap making

			

		

		
			
				Soap making process

			

		

		
			
				Saponification

			

		

		
			
				Uses of fixed oils and fats
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				1. What are some functions of fats in the body?

				2. What are some of the different kinds of fats?

				3. Which of the following solvents might be used to dissolve an oil stain?

				a. water 

				b. tetrachloromethane

				c. diethyl ether 

				d. benzene

				e. salt solution

				4. Do the drops of oil in the water separate or do they come together? Explain.
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					Literacy
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				Hydrolysis of glycerides (fats) in a basic medium produces glycerol (glycerine) and a mixture of salts of long-chained carboxylic acids (fatty acids). Fats, when heated with a solution of NaOH or KOH are hydrolyzed. After the hydrolysis, glycerine and long-chained carboxylic acid salts are left, this mixture is soap and the process is called saponification.

			

		

		
			
				- Soap manufacture;

				- Suppositories, tablet coating;

				- Dietary supplements;

				- Emulsifying agents;

				- Manufacture of paints, varnishes, lubricants;

				- Therapeutic uses;

				- Preparation of cosmetics;

				- Preparation of liniments, plasters.
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				Table 2.2 

			

		

		
			
				Average percentage of fatty acids of some common fats and oils

			

		

		
			
				
					Saturated 

				

				
					Unsaturated

				

				
					Lauric

				

				
					Myristic

				

				
					Palmitic

				

				
					Stearic

				

				
					Oleic

				

				
					Linoleic

				

				
					Linolenic

				

				
					Other 

				

				
					 Animal fats

				

				
					Beef tallow

				

				
					-

				

				
					6.3

				

				
					27.4

				

				
					14.1

				

				
					49.6

				

				
					2.5

				

				
					-

				

				
					0.1

				

				
					Butter

				

				
					2.5

				

				
					11.1

				

				
					29.0

				

				
					9.2

				

				
					26.7

				

				
					3.6

				

				
					-

				

				
					17.9

				

				
					Human

				

				
					-

				

				
					2.7

				

				
					24.0

				

				
					8.4

				

				
					46.9

				

				
					10.2

				

				
					-

				

				
					7.8

				

				
					 Vegetable oils	

				

				
					Coconut

				

				
					45.4

				

				
					18.0

				

				
					10.5

				

				
					2.3

				

				
					7.5

				

				
					-

				

				
					-

				

				
					16.3

				

				
					Corn

				

				
					-

				

				
					1.4

				

				
					10.2

				

				
					3.0

				

				
					49.6

				

				
					34.3

				

				
					-

				

				
					1.5

				

				
					Olive

				

				
					-

				

				
					-

				

				
					6.9

				

				
					2.3

				

				
					84.4

				

				
					4.6

				

				
					-

				

				
					1.8

				

				
					Soybean

				

				
					0.2

				

				
					0.1

				

				
					9.8

				

				
					2.4

				

				
					28.9

				

				
					52.3

				

				
					3.6

				

				
					2.7

				

				
					Sunflower

				

				
					-

				

				
					-

				

				
					5.6

				

				
					2.2

				

				
					25.1

				

				
					66.2

				

				
					-

				

				
					-
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					Chemistry around us
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				Oils derived from corn, soybeans, and olives contain more unsaturated lipids.
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					Activity

				

			

		

		
			
				Materials: olive oil or sunflower oil, NaOH solution, stearic acid, food colouring, beaker, stirring rod, pipets. 

				Procedure: 

				1. Pour 10 mL of warm oil into a beaker. 

				2. Add 3 ml of sodium hydroxide solution to the beaker. Use stirring rod to mix. Stir 20-40 min. 

				3. Add 2-3 drops of food colouring and stir. 

				4. Add some stearic acid. Stir.

				5. Pour into chosen mold shape. After pouring into the mold, the process will continue on its own. The soap will heat up and liquefy again, then cool off slowly, harden and dry (12 hours). 
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				Self test

			

		

		
			
				Self test
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				1. Give the IUPAC names for aldehydes:

				CH3-CH2-CH(CH3)-CH2-CHO

				CH3-C(CH3)2-CH2-CHO

				CH3-CH(CH3)-CH(CH3)-CHO

			

		

		
			
				1. Give the IUPAC names for ketones:

			

		

		
			
				Solving exercises
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				Example 2

			

		

		
			
				Naming ketones
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				Give the IUPAC name for ketone:

				СH3-C(O)-CH(CH3)-CH2-CH3

				Solution

				For ketones, change the -e of the parent hydrocarbon to -one and number the chain in the order that gives the carbonyl group the lower number. 

				1) Identify the hydrocarbon chain and number the chain in the direction that gives the ketone group the lower number. The chain has five carbon atoms; the ketone group is on the second carbon atom from one end: 

				Answer: 

				The compound is 3-methyl-2-pentanone.
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				Example 1
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				Give the IUPAC name for aldehyde.

					(CH3)2CHCH2CH2CH2CHO

				Solution

				For aldehydes, identify the parent hydrocarbon: include the C of -CHO in the count of carbon atoms. Then change the final -e of the hydrocarbon name to -al. The C in the -CHO group is always carbon 1, at the end of a carbon chain, and is not explicitly numbered.

				For ketones, change the -e of the parent hydrocarbon to -one and number the chain in the order that gives the carbonyl group the lower number. 

				1) Find and name the longest chain containing the -CHO. Number and name substituents, making sure the -C(H)=O group is at C1. 

					

					hexane (6C’s) → hexanal 

				Answer: 5-methylhexanal
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				Naming aldehydes
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				Self test
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				1. When 40 grams of a monoalcohol is oxidized, 37.5 g of aldehyde is obtained. What is the molar mass of this aldehyde?

				2. When 9.2 grams of a monoalcohol is oxidized, 4.48 L of aldehyde is obtained at STP. Find chemical formula of aldehyde and alcohol.
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				Example 3

			

		

		
			
				Example 4

			

		

		
			
				Finding chemical formulas of compounds

			

		

		
			
				Naming esters
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				When 15 grams of a monoalcohol is oxidized, 5.6 L of gaseous aldehyde is obtained at STP. What is the molar mass of this aldehyde?

				Solution

				The balanced chemical equation is

				CnH2n+1OH + [O] = CnH2nO + H2O

				which implies that

				1 mol of CnH2n+1OH ------ 1 mol of CnH2nO

				a) The molar mass of alcohol is

				Mr(CnH2n+1OH)=12n+(2n+1)+16+1 = 14n+18 

				and that of aldehyde is

				Mr(CnH2nO)=12n+2n+16 = 14n+16

				Step 1

				Convert the given mass of alcohol into amount of alcohol by using its molar mass (n=m/Mr): 

				n (CnH2n+1OH) = 15/(14n+18) mol

				Step 2

				Convert the given volume of aldehyde into amount of aldehyde by using molar volume (n=m/Mr): 

				n (CnH2nO) = 5.6 L/22.4 L/mol = 0.25 mol

				Step 3

				The mole numbers of alcohol and aldehyde are equal:

				1 mol of CnH2n+1OH ------ 1 mol of CnH2nO

				15/(14n+18) mol -------- 0.25 mol

				Then

				15/(14n+18) = 0.25

				14n + 18 = 15/0.25 = 60

				14n = 60 - 18 = 42

				n = 42/14 = 3

				Answer

				The chemical formula of alcohol is C3H7OH (propanol).

				The chemical formula of aldehyde is C3H6O (propanal).

			

		

		
			
				Name the compound: CH3-COOCH3

				Solution

				The names of esters are based on the carboxylic acid and alcohol from which they are produced. 

				The first component of this ester name, the methyl, is derived from the alcohol methanol. 

				CH3-COOCH3

				The second component of the name, the (acetate)ethanoate, is derived from the carboxylic acid ethanoic acid. 

				The name of the ester is methyl ethanoate or methyl acetate.
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				Self test
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				1. Name the compounds below:

				⋅ H-COOC2H5

				⋅ CH3CH2-COOCH3

				⋅ CH3CH2CH2-COOCH2CH3

				⋅ H-COOCH3

				⋅ C2H5-COOC2H5
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				Questions and problems

			

		

		
			
				1. What is the difference in structure between propanal and acetone?

				2. Draw the structure of isomers of molecular formula C3H6O that contain a carbonyl group.

				3. Give the structure corresponding to each IUPAC name:

				- 3-methylpentene-2-one

				- 4-pentyl-2-one

				- 2,2,3-trimethylpentanal

				- 4-methylpentanal-2

				- hexanone-3

				4. Give the IUPAC name for each ketone.

					

				 

				 

				 

				5. Write structural formulas for all aldehydes with the molecular formula C5H10O and give the IUPAC name of each.

				6. Which alcohols need to be oxidized to produce following aldehydes?

				- acetaldehyde

				- 2-methylbutanal

				7. What is the molecular formula of the aldehyde that contains 66.67% C, 11.11% H and 22.22% O by mass?

				8. When 56 grams of a monoalcohol is oxidized, 54.13 g of aldehyde is obtained at STP. What is the molar mass of this aldehyde? 

				9. Which aldehydes are obtained when the following alcohols are oxidized?

				a. methyl alcohol

				b. butanol-1

				c. 2-methyl propyl alcohol

				10. Write an equation for the reaction of each of the following with Tollens' reagent.

				- pentanal

				- 3-methylbutanal

				11. Draw a structural formula for the principal organic product formed when each compound is treated with K2Cr2O7/H2SO4.

				- ethanal

				- butanal

				12. Explain why the reduction of an aldehyde always gives primary alcohol.

				13. Draw a structural formula for the product formed by treatment of 2-methylpropanal with each set of reagents:

				- H2/ metal cat.

				- H2O

				- O2

				14. What product is formed when each compound is treated with Tollens reagent (Ag2O, NH4OH)?

				- CH3CH2CHO

				- CH3(CH2)4CHO

				15. Complete the following reactions:

				- CH3CH2COOH + K2CO3 →	

				- C2H5COOH + NaOH → 

				- CH3COOH + Ca → 

				- CH3COOH + CH3OH → 

				16. 4.6 grams of a monocarboxylic acid reacts with an excess amount of NaHCO3 and 2.24 L CO2 gas is produced at STP. What is the molecular formula of the carboxylic acid?

				17. What are the molar mass and possible formula of the ester that is formed from a monocarboxylic acid with molar mass 46 g/mol and an alcohol with molar mass 60 g/mol?

				18. Write the complete reactions between the following pairs of compounds and name the products.

				- CH3COOH + CH3-CH(CH3)-OH 

				- HCOOH + CH3-CH2-CH2-OH

				- C6H5COOH + C2H5-OH

				19. Name the compounds below:

				- CH3CH2COOCH3

				- CH3-COOC2H5

				- C6H5COOC3H7

				- CH3CH(CH3)-COOCH3
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					CHAPTER

				

			

			
				
					AMINES 

					AND

					AMINO ACIDS

				

			

			
				
					4

				

			

		

		
			
				4.1 Classification and nomenclature of amines

				4.2 Physical and chemical properties of amines. Preparation of amines

				4.3 Composition, structure and biological role of amino acids

				4.4 Physical and chemical properties of amino acids 

				4.5 Peptides. Formation of proteins

				4.6 Solving exercises

				Questions and Problems
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				High protein fruits include guavas, avocados, apricots, kiwi fruit, blackberries, oranges, bananas, cantaloupe, raspberries, and peaches.
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				Classification and nomenclature of amines

			

		

		
			
				4.1

			

		

		
			
				Amines are derivatives of ammonia, where one or more hydrogen atoms are replaced by another substituent (an alkyl or an aryl group). Depending on the number of carbon-based substituents, amines are classified as primary, secondary or tertiary. The nitrogen atom in amines, like in ammonia, is sp3 hybridized. 

			

		

		
			
				1. Primary amines are commonly called alkylamines, though systematically, they are named alkaneamines.

			

		

		
			
				2. When naming the secondary and tertiary amines, the smaller group is written first and the other groups are added before the word “-amine”. If the groups are the same, the di- or tri- prefixes are used. In common nomenclature, we use the locant N to designate substituents attached to a nitrogen atom.

			

		

		
			
				 

				- learn nomenclature and classification of amines;

				- compare structures of ammonia and amines.
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				You will
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				Ammonia molecule

			

		

		
			
				Trimethylamine molecule (tertiary amine)

			

		

		
			
				Dimethylamine molecule (secondary amine)

			

		

		
			
				Ethylamine molecule (primary amine) 

			

		

		
			
				Molecule of methylamine
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				Nomenclature

			

		

		
			
				 

				Why do people feel happy after eating chocolate?
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					Research time
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				Open in browser "compoundchem.com". Choose the Aroma of Chemistry. Find information about the smells of different amines. Where we are found these amines in daily life? Share with your classmates. 
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					Research time
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				Open in browser "avogadro.cc". Download it on the computer. Build the molecular structures of primary, secondary and tertiary amines.
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				3. In the systematic naming (IUPAC) of these compounds, the –NH2 amine group is called the amino group. This naming is generally used in the case of alcohols and acids. 
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					Chemfact
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				Amines occur widely in plants and animals. They can be easily extracted from their sources by treatment with acids. Amines are basic compounds, alternatively named as alkaloids. Today, there are 5000 alkaloid compounds known to be biologically active.

			

		

		
			
				Tobacco products contain the addictive stimulant nicotine 
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					Chemistry around us
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				Cadaverine (NH2CH2CH2CH2CH2CH2NH2) is a poisonous diamine with a putrid odour also present in rotting fish, urine, and bad breath.
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				Building molecular models of ammonia and amines. 
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						Lab work №4
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				Introduction

				Use the following information to create your lab report in the classwork section of your notebook. Include the following sections. 

			

		

		
			
				Materials:

				molecular models

				Procedure:

				Build the ammonia and amine molecules using the ball-and-stick models.

			

		

		
			
				
					Element

				

				
					Symbol

				

				
					Colour

				

				
					Bonds to get stable state

				

				
					Carbon

				

				
					C

				

				
					black

				

				
					4 

				

				
					Hydrogen

				

				
					H

				

				
					white

				

				
					1

				

				
					Nitrogen

				

				
					N

				

				
					blue

				

				
					3

				

			

		

		
			
				
					Name of molecule

				

				
					Atoms in molecule 

				

				
					Chemical formula

				

				
					Ammonia

				

				
					3 hydrogen, 1 nitrogen

				

				
					NH3

				

				
					Methylamine

				

				
					1 carbon, 5 hydrogen, 1 nitrogen

				

				
					CH3NH2

				

				
					Ethylamine

				

				
					2 carbon, 7 hydrogen, 1 nitrogen

				

				
					C2H5NH2

				

				
					Trimethylamine

				

				
					3 carbon, 9 hydrogen, 1 nitrogen

				

				
					C3H9N

				

				
					Aniline

				

				
					6 carbon, 7 hydrogen, 1 nitrogen

				

				
					C6H5NH2
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				Molecular models 
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				1. Name the following amines:

				- CH3-NH-CH3

				- C2H5-NH-CH3

				-

				 

				 - H2N-(CH2)3-NH2

				- (CH3CH2CH2)2NH

				2. What is the molecular formula of the tertiary amine which contains 65.75% C, 19.18%N and 15.07%H, by mass?

				3. Write the structures for the given compounds:

				- ethylamine, diethylmethylamine, aniline, 2-amino-2-methylpropane, dimethylaminoethane, 1-aminohexane.

			

		

		
			[image: ]
		

		
			
				Literacy
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				amine - амин;

				alkaloid - алкалоид;

				putrid - шіріген / гнилостный;

				urine - зәр / моча.
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					Terminology
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				Physical and chemical properties of amines. Preparation of amines.

			

		

		
			
				4.2

			

		

		
			
				Small aliphatic amines are gases, which have a fishy smell at lower concentrations, changing to ammonia like the smell at higher concentrations. 

				Amines generally smell like fish. At SATP primary alkylamines containing:

				- Up to two carbon atoms are gases

				- From two to eleven carbon atoms are liquids

				- Higher than eleven are solids

				Amines are considered to be weak bases, like ammonia. From the pKa’s of ammonia and some amines given below, we can see that aliphatic amines are stronger bases than ammonia. However, aromatic amines are weaker than ammonia in terms of basicity. By looking at pKa values of conjugate acids of amines, we can compare how basic a specific amine is (Table 3.1). The lower the value of pKa means the conjugate acid is a strong acid, which makes a base weaker. 

				When considering basicity of amines, the following effects have to be taken into account:

				- Inductive effects

				- Resonance

				- Number of substituents bonded to nitrogen

			

		

		
			
				Alkyl groups are electron pushing or donating in nature, so when they are bonded to nitrogen they make nitrogen electron-rich. This effect makes alkylated amines more basic than ammonia. The number of alkyl substituents also increases the basicity of amines. Therefore, tertiary amines are, in theory, possess the most basic character compared to secondary and primary amines. However, some other effects such as solvation have to be considered when comparing how basic a specific substance is. That is why methylamine and dimethylamine are more basic than trimethylamine. 

			

		

		
			
				Contrarily, aromatic amines are less basic than ammonia. pKa values of their conjugate acids have much lower values than aliphatic amines. This is due to the resonance effect. In aniline, electrons are delocalized making the compound more stable, which makes aniline less basic. Another factor that has to be considered is a hybridization of nitrogen in ammonia and aniline. In aniline, nitrogen is sp2 hybridized, while in ammonia nitrogen is sp3 hybridized. As s character of nitrogen’s hybrid 

			

		

		
			
				 

				- explain the physical properties of amines;

				- compare basic properties of ammonia, amines, and aniline;

				- describe the mechanism of the formation of amines by nucleophilic substitution of haloalkanes and reduction of nitriles;

				- write reaction equation of formation of aniline by reduction of nitro compounds. 
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				You will
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					Amine

				

				
					Formula

				

				
					pKa of conjugate acid

				

				
					ammonia

				

				
					NH3

				

				
					9.25

				

				
					methylamine

				

				
					CH3NH2

				

				
					10.6

				

				
					dimethylamine

				

				
					(CH3)2NH

				

				
					10.72

				

				
					ethylamine

				

				
					C2H5NH2

				

				
					10.87

				

				
					trimethylamine

				

				
					(CH3)3N

				

				
					9.8

				

				
					aniline

				

				
					C6H5NH2

				

				
					4.6
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					Chemistry around us
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				Decongestants and products that relieve itchy skin often contain ammonium salts.
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					Activity

				

			

		

		
			
				Draw the structural formulas of synthetic amines used in medicine (for example, novocaine, lidocaine, meperidine, etc).
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				Table 3.1 

			

		

		
			
				Amines
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					Research time
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				Open in browser Aniline and its application. Make a presentation by topic "Importance of aniline in dye industry".
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				orbitals in aniline is higher than that of ammonia, it is located closer to the nucleus than hybrid orbitals of nitrogen in ammonia; therefore, in aniline, nitrogen’s hybrid orbitals are less likely to share their electrons compared to hybrid orbitals of nitrogen in ammonia. 

			

		

		
			
				Amines can be prepared from haloalkanes by nucleophilic substitution or by reduction of nitriles. Ammonia and some amines can act as nucleophiles. This property of these substances can be used to prepare other amines by reaction with haloalkanes. In the following example, ammonia attacks carbon atom bonded to bromine. The mechanism is SN2:

			

		

		
			
				Ammonia can deprotonate the formed ethylammonium bromide to give ethylamine and ammonium bromide. However, this acid-base reaction is in equilibrium which is favored to the left, because ethylamine is a stronger base than ammonia. 

			

		

		
			
				The formed ethylamine can further attack another haloalkane by forming secondary amine, which in turn might react again to form tertiary amine. If excess haloalkane is used even quaternary ammonium salts can be produced. Because of the formation of mixtures of primary, secondary, tertiary amines, this method is not considered to be effective in terms of selectivity. However, primary amines can be produced if we use a large excess of ammonia.

			

		

		
			
				Another method of preparing amines is by reducing nitriles. Lithium aluminium hydride, or LAH (LiAlH4) or H2/Pd can be used as a reducing agent in this reaction. The mechanism with LAH is given below. 

			

		

		
			
				Aniline can be synthesized by reducing nitrobenzene. As a reducing agent H2/Pd or Sn(or Fe)/HCl can be used. 

			

		

		
			
				NH3(excess) + CH3Br → CH3NH2 + HBr 

			

		

		
			
				Preparation of amines
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				1. How many liters of NH3 must be used to obtain 12 g of urea (NH2-CO-NH2) by using sufficient CO2?

				2NH3 + CO2 → NH2-CO-NH2 + H2O

				2. What is the molecular formula of the secondary amine which contains 65.75% C, 19.18%N and 15.07%H, by mass?

				3. Which compounds below belongs to class of amines?

				CH3- CO-NH2 

				C3H7-NH2 

				C6H5-NO2 

				(CH3)2NO2 

				CH3-COONH4 

				CH3-NH2 

				C6H5-NO2 

				C3H7-N(CH3)-CH3 

				C2H5-NH-CH3

				4. Write burning reactions of following amines:

				- CH3NH2

				- CH3NHCH3

				- C6H5NH2

				- CH3-N(CH3)-CH3

				5. What volume of air at STP is needed for burning out 3 L of diethylamine?
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				Literacy
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					Chemfact
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				Aniline used in the dye industry is as a precursor to indigo, the blue of blue jeans. 
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				conjurate acid - сәйкес қышқыл / сопряженная кислота;

				solvation - сольватация.
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					Terminology
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				Composition, structure and biological role of amino acids

			

		

		
			
				4.3

			

		

		
			
				Amino acids are organic compounds that contain an amino group and carboxyl group in their structures. Certain amino acids, specifically 2-(or  -)amino acids have an important biological role in living things, so when we mean amino acids we generally will refer to -amino acids. The general formula of -amino acids is RCH(NH2)COOH, where an R group is termed as a side chain. There 20 standard amino acids present in all living matters. They are the constituent units that makeup proteins. 
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				One of the interesting properties of amino acids is that they can form zwitterions or dipolar ions. The basic amino group of an amino acid can abstract a proton(hydrogen ion) from a carboxylic acid group by forming a compound that contains both a positive charge and a negative charge. However, the molecule remains neutral overall as negative and positive charges cancel each other. This form is the usual form encountered in solutions; two other forms exist as well depending on the pH of the medium.

			

		

		
			
				At acidic medium, it exists as a cation, and in a basic medium as an anion. 

			

		

		
			
				When naming amino acids, because of the carboxylic group’s in higher-order compared to an amino group, systematic names of amino acids end with suffix -oic acid (named as derivatives of carboxylic acids), which means parent chain must contain carboxyl group. Names for some amino acids are given below. Note that, the term “amino acid” mostly used for amino acids where the amino group is attached to -carbon (-carbon is the carbon atom next to carboxylic carbon). However, systematically, the term amino acid can mean any acid which contains an amino group on any carbon atom except carbon on the carboxylic group.
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				- know trivial and systematic names of amino acids;

				- describe the composition and structure of amino acid molecules;

				- explain the biological roles of essential and nonessential amino acids.
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				You will
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				an  - or 2-amino acid
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				Nomenclature of amino acids
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					Activity

				

			

		

		
			
				Write a description of the synthesis of aminoacids. Use the internet to help you. Include the following information:

				- main food sources

				- how to the synthesis of aminoacids
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					Research time
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					Research time
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				Open in browser "sketchfab.com". Find the 3D models of amino acids. 

			

		

		
			
				Open in browser "rxn.res.ibm.com". Draw the structures of 5 any amino acids and predict the chemical reactions between them. 
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					Career
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				Medical doctors use knowledge of organic chemistry, analytical chemistry to treat sick people
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				There are 20 standard amino acids that are present in every living matter. They can be named systematically, but they are usually named by their trivial names. Structures and their trivial names are given in the table. They can also be represented either by a three-letter sequence or just a capital letter. For instance, glycine, which is the simplest amino acid, can be represented as Gly or just G. These 20 amino acids each have different side chains. According to their side-chain nature, they can be classified as polar, non-polar, ionic, etc (Appendix J). 

			

		

		
			
				Compilation of amino acid molecules and determination of an asymmetric carbon atom
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						Lab work №5
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				Introduction

				Use the following information to create your lab report in the classwork section of your notebook. Include the following sections. 

			

		

		
			
				Materials: molecular models

				Procedure: Build the aminoacid molecules using the ball-and-stick models.

			

		

		
			
				
					Element

				

				
					Symbol

				

				
					Colour

				

				
					Bonds to get stable state

				

				
					Carbon

				

				
					C

				

				
					black

				

				
					4 

				

				
					Hydrogen

				

				
					H

				

				
					white

				

				
					1

				

				
					Oxygen

				

				
					O

				

				
					red

				

				
					2

				

				
					Nitrogen

				

				
					N

				

				
					blue

				

				
					3

				

				
					Sulfur

				

				
					S

				

				
					yellow

				

				
					2

				

			

		

		
			
				
					Name of molecule

				

				
					Atoms in molecule 

				

				
					Chemical formula

				

				
					Glycine

				

				
					2 carbon, 5 hydrogen, 1 nitrogen, 2 oxygen

				

				
					C2H5O2N

				

				
					Alanine

				

				
					3 carbon, 7 hydrogen, 1 nitrogen, 2 oxygen

				

				
					C3H7O2N

				

				
					Serine

				

				
					3 carbon, 7 hydrogen, 1 nitrogen, 3 oxygen

				

				
					C3H7O3N

				

				
					Cysteine

				

				
					3 carbon, 7 hydrogen, 1 nitrogen, 2 oxygen, 1 sulfur

				

				
					C3H7O2NS

				

				
					Methionine

				

				
					5 carbon, 11 hydrogen, 1 nitrogen, 2 oxygen, 1 sulfur

				

				
					C5H11O2NS 

				

				
					Asparagine

				

				
					4 carbon, 7 hydrogen, 1 nitrogen, 4 oxygen

				

				
					C4H7O4N

				

				
					Phenylalanine

				

				
					9 carbon, 11 hydrogen, 2 oxygen, 1 nitrogen

				

				
					C9H11O2N
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				Molecular models 
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					Chemfact
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				Enkephalins and endorphins are natural painkillers produced in the body. -endorphin contains 16 amino acids, -endorphin contains 31 amino acids, -endorphin has 17 amino acids, and -endorphin has 27 amino acids.
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				1. Write the structural formulas of the given amino acids:

				- Serine	- Tryptophan 

				- Methionine	- Glycine

				- Valine 

				2. What is the mass percentages of nitrogen in a 

				- arginine	- aspartic acid

				- histidine?

				3. 0.25 mole of amino acid has a mass of 30.25 grams. Find the molecular formula of amino acid.

				4. Which amino acids have hydroxyl groups?

				5. Name the heterocyclic amino acids. Use Appendix J.
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				Literacy
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					Chemistry around us
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				Asparagine is the first isolated amino acid from Asparagus.
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				zwitterion - цвиттер-ион; 

				amino acid - аминқышқылы / аминокислота;

				painkiller - ауруды басатын дәрі / болеутоляющее.
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					Terminology
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				Physical and chemical properties of amino acids

			

		

		
			
				4.4

			

		

		
			
				 

				- explain the ability of amino acids to form dipolar ions;

				- prove experimentally that amino acids are amphoteric.
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				You will
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				In the solid-state, amino acids exist as dipolar ions in which the carboxyl group is present as a carboxylate ion and the amino group is present as an aminium (NH3+) ion. This dipolar ion form of the molecule is known as a zwitterion. 

			

		

		
			
				Amino acids are generally soluble in water. Because of the existence of both (the -NH2) and (the -COOH) groups, amino acids display amphoteric properties (i.e., have both acidic and basic properties).

				1. They form metal salts when reacted with basic solutions.

			

		

		
			
				2. Amino acids behave as bases towards acidic solutions.

			

		

		
			
				3. Amino acids react with salts to form different products:

					

				  2CH2(NH2)COOH + Na2CO3 → 2CH2(NH2)COONa + H2O + CO2 ↑

			

		

		
			
				In basic solution, the -NH3+ of the zwitterion loses a proton, and a negatively charged species is formed.

			

		

		
			
				In an acidic solution, the zwitterion accepts a proton (H+) to form a positively charged ion.

			

		

		
			
				Zwitterion

			

		

		
			
				Properties of amino acids
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					Keep in mind

				

			

		

		
			
				A zwitterion is a molecule that has a positive charge on one atom and a negative charge on another atom, but which has no net charge. 
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				Chemfact
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				Myoglobin has 153 amino acid residues in a single polypeptide chain.
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				Glutamate was found in wheat gluten

			

		

		
			
				Tyrosine was first isolated from cheese 

			

		

		
			[image: ]
		

		
			
				myoglobin - миоглобин;

				dipole moment - диполь моменті / дипольный момент.
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					Terminology
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				Properties of amino acids
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						Lab work №6
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				Amino acids are non-volatile crystalline solids, which are very soluble in water. Many of them are optically active. They also have large dipole moments. Because the molecules contain both an acidic and a basic group, the following equilibrium exists in solution. 

				Materials: glycine solution (1%), methyl red indicator (0.2% solution), iron chloride (III) solution (1%), formaldehyde solution

				I. 

				Procedure:

				1. Pour 0.5 ml of glycine solution into the test tube.

				2. Add 1 drop of methyl red indicator and 2 drops formaldehyde solution into the test tube. Record your observation.

				 Observation and questions:

				1. Why amino acids are amphoteric in nature?

				2. What is the colour of methyl red indicator when added to the glycine solution?

				3. Write the chemical reaction of glycine with formaldehyde.

				4. Why does indicator colour change?

				Safety: Wear eye protection. Wear protective gloves. Wash hands thoroughly at the end of the experiment. The formaldehyde solution is irritant.

				II. 

				Procedure:

				1. Pour 1 ml of glycine solution into the test tube.

				2. Add 2-3 drops of iron chloride (III) solution. Note observation.

				Safety: Wear protective gloves. 

				III. 

				Procedure:

				1. Pour 1 ml of glycine solution into the test tube.

				2. Add crystals of copper sulfate and sodium acetate into the test tube. Record your observation.

				 Observation and questions:

				1. Write chemical reactions

				Safety: Wear eye protection. Wear protective gloves.
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					Activity

				

			

		

		
			
				Write the description of Phenylketonuria (PKU) disease. Find out more using the internet. Include the following information:

				- Causes 

				- Symptoms

				- Treatment 
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				Example
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				Draw the structure of the amino acid glycine at each pH: (a) 6; (b) 2; (c) 11.

				Solution:

				a. At pH=6, neutral zwitterionic form:

				b. At pH=2, glycerine has a net +1 charge:

				c. At pH=11, glycerine has a net -1 charge:
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				1. Compare the chemical structures of the following pairs:

				- alanine and phenylalanine

				- aspartic acid and glutamic acid

				- serine and cysteine

				- phenylalanine and tyrosine 

				2. Draw the zwitterion for each of the following amino acids:

				- Glycine

				- Alanine 

				- Serine

				3. Write chemical equations of following amino acids with HCl acid:

				- Methionine

				- Lysine

				- Proline

				4. Write the chemical reaction of alanine with NaHCO3.

				5. Draw the structure of the amino acid alanine at each pH: (a) 6; (b) 2; (c) 11.

				6. Draw the structural form of the amino acid cysteine that predominates in solution at 

				each of the following pH values:

				- pH=1.0 

				- pH=7.0 

				- pH=11.0

			

		

		
			[image: ]
		

		
			
				Literacy
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				Peptides. Formation of proteins

			

		

		
			
				4.5

			

		

		
			
				 

				- explain the formation of peptide bonds of proteins;

				- write chemical equations of protein hydrolysis.
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				You will
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				Proteins are the largest and most complicated molecules that exist in the cells of living organisms. 

				Proteins are polymers that are formed by many hundreds or even thousands of amino acid units. These units are bonded together by a peptide linkage. Peptide linkage is formed when two or more amino acids join together by releasing water molecule(s). 

			

		

		
			
				Due to its partial double bond character, peptide bonds (an amide bond) are planar and rigid. When a large number of amino acids join together to form polypeptides, this property of planarity and rigidity of a peptide bond restricts the conformational flexibility of the polypeptides. 

				Peptides are amides formed by the reaction of amino groups with the carboxyl groups of amino acids. According to the number of amino acid units they are made up of, they are known as dipeptides, tripeptides or polypeptides.

			

		

		
			
				If the number of amino acids forming peptide bonds is “n”, (n–1) molecules of water are produced in the peptide formation.

			

		

		
			
				Peptide bond formation

			

		

		
			
				Hydrolysis of peptide bond
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					Keep in mind

				

			

		

		
			
				Amide bond formation is an example of a condensation reaction.

			

		

		
			
				After hydrolysis of polypeptides produced different amino acids. In the human body pepsin, trypsin enzymes break down proteins. 
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				Chemfact
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				Green fluorescent protein (GFP) is a bioluminescent polypeptide consisting of 238 residues isolated from the body of Aequorea victoria jellyfish.
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				How do vegans get protein?
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					Research time
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				Open in browser Analysis of amino acids by paper chromatography. Find information about the separation of amino acids. Make a poster.
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				For example

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Chemfact

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				The energy values are 4.0 kcal/g for protein, 9.0 kcal/g for fat and 4.0 kcal/g for carbohydrates. The Recommended Dietary Allowance (RDA) for protein (measured in grams per kilogram of body weight) is 0.75 g/kg for adult women and 0.84 g/kg for adult men.
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					Chemistry around us
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				Mass spectrometry has been used for the analysis of proteins and peptides since 1989. Mass spectrometry experiments for protein identification are mainly based on peptide analysis. Mass spectrometry can measure the mass of intact proteins, but the sensitivity of the mass spectrometer for proteins is much lower than for peptides.
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					Activity

				

			

		

		
			
				Write a description of the proteins and peptides. Use the internet to help you (keywords: “Protein Data bank”, “Green fluorescent protein”, “3D structure of a protein”). 
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				1. Write the hydrolysis reactions of the following tripeptides:

				⋅ Ser-Asn-Gly

				⋅ Cis-Val-Leu

				⋅ Gly-Ala-His

				⋅ Arg-Trp-Val

				⋅ Asn-Ala-Ile

				2. Write chemical reactions between

				⋅ asparagine + glycine + alanine 

				⋅ leucine + proline + cysteine

				⋅ cystine + asparagine + alanine

				3. 2 mol of Arg-Ser-Pro is obtained by the reaction Arg-Ser with Proline. In this reaction;

				⋅ how many moles of proline is used?

				⋅ how many grams of serine are consumed?

				4. Assign IUPAC names to each of the following small peptides.

				⋅ Glu–Ser–Ala

				⋅ Gly–Tyr–Leu–Val

				5. How much protein do you need every day?
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				Literacy
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				Hydrolysis of Ala-Ser-Phe
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				peptide - пептид;

				rigid - қатаң / жесткий.
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					Terminology
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				Self test
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				1. What is the molecular formula of the amine which contains 38.71% C, 45.16% N and 16.13% H, by mass?

				2. What is the molecular formula of the amine which contains 65.75% C, 19.18% N and 15.07% H, by mass?

			

		

		
			
				Solving exercises
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				Example 1
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				What is the molecular formula of the tertiary amine which contains 65.75% C, 19.18% N and 15.07% H, by mass?

				Solution

				Step 1

				Assume 100 g: 

				m(C) = 65.75 g, m(N) = 19.18 g, m(H) = 15.07 g

				Step 2

				Convert mass to moles:

				n(C) = 65.75 g / 12 g/mol = 5.479 mol

				n(N) = 19.18 g / 14 g/mol = 1.370 mol

				n(H) = 15.07 g / 1 g/mol = 15.070 mol

				Step 3

				Divide each element by the lowest quantity:

				5.479 / 1.370 = 3.999 ≈ 4

				1.370 / 1.370 = 1

				15.070 / 1.370 = 11

				Mole ratio of C : N : H = 4 : 1 : 11

				Answer: The empirical formula of amine is C4H11N.

			

		

		
			
				Calculating empirical formula
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					Example 2

				

			

			
				
					Peptide bond formation

				

			

			
				
					Asp-Gly-Ala

				

			

			
				
					Asparagine

				

			

			
				
					Glycine

				

			

			
				
					Alanine

				

			

			
				[image: ]
			

			
				
					Write chemical reactions between 

					asparagine + glycine + alanine 

					Solution
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				Self test
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				1. Write chemical reactions between 

				⋅Glycine + Glycine + Alanine

				⋅Alanine + Cysteine + Alanine + Valine

				⋅Valine + Aspartic acid

			

		

		
			
				4.6
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				Self test
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				1. What volume of air at STP is needed for burning out 12 L of triethylamine (C2H5)3N?

				2. What volume of oxygen at STP is needed for burning out 1.15 L of trimethylamine?
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				Example 3
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				What volume of air at STP is needed for burning out 3 L of diethylamine (C2H5)2NH?

				Solution

				The balanced chemical equation is

				2(C2H5)2NH + 13O2 = 8CO2 + 10H2O + N2

				which implies that

				2 mol of (C2H5)2NH ------ 13 mol of O2

				a) The molar mass of diethylamine is 73 g/mol and that of oxygen is 32 g/mol.

				Step 1

				Convert the given volume of diethylamine into amount of diethylamine by using its molar volume (n=V/22.4):

				n ((C2H5)2NH) = 3 L / 22.4 L/mol ≈ 0.134 mol

				Step 2

				Use the mole ratio derived from the stoichiometric coefficients in the balanced chemical equation, 2 mol (C2H5)2NH 13 mol O2, to convert from the amount of (C2H5)2NH molecules into the amount in moles of O2 molecules:

				2 mol of (C2H5)2NH ------ 13 mol of O2

				0.134 mol of C6H5CH3 ------ x mol of O2

				x = 13×0.134 / 2 = 0.871 mol of O2

				Step 3

				Convert from amount of O2 into volume of O2 by using molar volume (V=n×22.4):

				V(O2)=0.871 mol × 22.4 L/mol =19.51 L

				Step 4 

				Calculate the volume of air:

				Oxygen in air = 21%

				V(O2) ------- 21%

				V(air) ------ 100%

				19.51 L ----- 21%

				V(air) ------ 100% 

				V(air) = 19.51 × 100% / 21% = 92.9 L

				Answer: 92.9 L of air.

			

		

		
			
				Reaction Stoichiometry
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				Questions and problems

			

		

		
			
				
					1. Name the following amines:

					∙ CH3-N(CH3)-CH3	∙ CH3-NH-CH2CH3

					∙ H2N-(CH2)2-NH2	∙ (CH3CH2)2NH

					2. What is the molecular formula of the secondary amine which contains 61% C, 23.73% N and 15.25% H, by mass?

					3. Write the structures for the given compounds:

					∙ methylamine

					∙ dimethylethylamine

					∙ 2-amino-2-methylbutane

					∙ dimethylaminoethane

					∙ 3-amino-2-methylhexane

					4. Complete the description of the table using appropriate words or numbers. Draw the line graphs (Melting and boiling points, molecular mass-melting point relationships) by using Microsoft Excel. 

					5. Write chemical reactions between 

					∙ ammonia

					∙ methylamine

					∙ aniline 

					with HCl and oxygen. 

					6. What is the formula of the alkyl in the primary amine of which 0.2 mole has a mass of 9 grams?

					7. Amines show weak basic properties when they are dissolved in water. Explain why?

					8. Synthesize the following compounds from benzene:

					∙ nitrobenzene	∙ aniline

					9. Complete the following reactions:

					∙ C6H5-NO2 + Fe + HCl →

					∙ C6H5-NH3Cl+ + NaOH → 

					∙ C6H5Cl + 2NH3 → 

					10. Write the structural formulas of the given amino acids:

					∙ alanine	∙ cysteine

					∙ lysine	∙ glycine

					∙ tryptophan

					11. What is the mass percentage of nitrogen in phenylalanine?

					12. What is the mass percentages of nitrogen and sulfur in 

					∙ cysteine	∙ methionine

					∙ cystine?

					13. Compare the chemical properties of amino acids and carboxylic acids.

					14. What is the molecular weight of the dipeptide obtained from an amino acid of which 0.1 mole has a mass of 75 grams? 

					15. How many water molecules are formed when 78 amino acid molecules are bonded together by peptide bonds?

					16. Write chemical reactions between

					∙ glycine + alanine + cystine

					∙ tryptophan + proline + cysteine

					∙ asparagine + glutamine + alanine

					∙ serine + valine + lysine

					17. Complete the chemical equations:

					∙ CH2(NH2)-COOH + HBr →

					∙ leucine + HCl → 

					∙ CH3-CH(NH2)-COOH + NaOH → 

					∙ lysine + KOH → 

					∙ phenylalanine + C2H5OH →

					∙ aspartic acid + 2NaOH → 

					18. Write the hydrolysis reactions of the following polypeptides:

					∙ Val-Gly-Ala-Leu

					∙ Ser-Ala

					∙ Asp-Glu-Gly-Gly

					∙ Ala-Val-Gln-Trp-Asn
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						Melting point, °C

					

					
						Boiling point, °C 

					

					
						Methylamine
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					CHEMISTRY OF LIVING THINGS

				

			

			
				
					5

				

			

			
				
					CHAPTER

				

			

		

		
			
				5.1 Classification of carbohydrates and their structure

				5.2 Structure, properties and uses of carbohydrates

				5.3 Proteins. Structure of proteins

				5.4 Determination of polypeptide structure

				5.5 Enzymes. Role and uses of enzymes

				5.6 DNA structure

				5.7 ATP and energy production

				5.8 Essential elements of life and heavy metals

				5.9 Environmental pollution by heavy metals. Effect of heavy metals on proteins

				Questions and Problems
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				Deoxyribonucleic acid, or DNA, is a molecule that contains the instructions an organism needs to develop, live and reproduce.
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				Classification of carbohydrates and their structure

			

		

		
			
				5.1

			

		

		
			
				Carbohydrates are the most abundant organic compounds in nature, although they are scarce in living organisms. Carbohydrates are the main energy and nutrition source for all living organisms including human beings.

				The empirical formula of the most of carbohydrates is CH2O and the general formula is Cn(H2O)m, where n and m are equal or not.

				Carbohydrates can be classified as monosaccharides, disaccharides, and polysaccharides according to the number of their carbon atoms.

			

		

		
			
				Molecules of monosaccharides consist of three to nine carbon atoms. According to a number of carbon atoms, monosaccharides can be classified as triose, tetrose, pentose, hexose and etc.

				Pentoses are common in nature. The most important of them are ribose and deoxyribose, as they are components of nucleic acids.

			

		

		
			
				The most important monosaccharides are glucose, fructose, mannose and galactose. Their molecular formula are identical (C6H12O6) and as such, they are all structural isomers of each other.

			

		

		
			
				Monosaccharides can have both cyclic and linear chain structures. Cyclic monosaccharides are formed when linear monosaccharides are dissolved in water. This process is known as hemiacetal formation.

			

		

		
			
				 

				- make up linear and cyclic forms of glucose, fructose, ribose, deoxyribose, sucrose, starch, and cellulose.

			

		

		
			
				 

				Why are ripe bananas so sweeter than the unripe?
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				You will
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				Monosaccharides

			

		

		
			
				Condensation compounds derived by the elimination of a water molecule from two monosaccharide molecules are called disaccharides. Their general formula is C12H22O11. 

				In nature, the most important disaccharides are sucrose (table sugar, cane sugar or beet sugar) maltose (barley sugar), lactose (milk sugar).

				Sucrose is formed by linking of one molecule of glucose to a fructose molecule.

			

		

		
			
				Disaccharides
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				Polysaccharides are polymers of monosaccharides. Polysaccharides are formed by linking many monosaccharides together with an oxygen bridge. Their general formula is (C6H10O5)n.

				The most important polysaccharides in nature are starch, glycogen, dextrin, cellulose.

				Starch is the most important polysaccharide and is formed by combining glucose molecules. Corn, potatoes, rice and the roots of plants and seeds are the main sources of starch. One molecule of starch consists of thousands of glucose molecules.

			

		

		
			
				Polysaccharides
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				Bananas are a rich source of carbohydrates, mainly starch in unripe bananas and sugars in ripe bananas.

			

		

		
			
				Chlorophyll pigment converts CO2 and H2O to glucose and O2 during the process of photosynthesis.
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				Fructose, known as fruit sugar as fruits contain large amounts of it, is sweeter than sucrose.
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					1. Classify carbohydrates and give one example from each group.

					2. What are the general properties of monosaccharides?

					3. Explain how hemiacetals are formed.

					4. Which monosaccharides are produced by the hydrolysis of sucrose?

					5. What are the most important polysaccharides in nature?
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				Structure of starch

			

		

		
			
				Structure of cellulose
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					Chemistry around us
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				Many “sugar-free” products contain sugar alcohols, such as D-sorbitol and xylitol.
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				ripe - піскен / спелый;

				carbohydrate - көмірсу / углевод;

				corn - жүгері / кукуруза; 

				hemiacetal - жартыацеталь / полуацеталь
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					Terminology
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				Structure, properties and uses of carbohydrates

			

		

		
			
				5.2

			

		

		
			
				Monosaccharides, commonly found in foods, are hexoses. Most monosaccharides can be fermented.

				1. Preparation of ethyl alcohol

					C6H12O6 → 2C2H5OH + 2CO2 ↑

				2. Formation of lactic acid

					C6H12O6 → 2CH3-CH(OH)-COOH

				3. Formation of fatty acid

					C6H12O6 → C3H7COOH + 2CO2 + 2H2 ↑

			

		

		
			
				This table shows the comparison of two of the most common polysaccharides: starch and cellulose (Table 4.1).

			

		

		
			
				1. Hydrolysis of sucrose occurs in acidic solution. For example, when sucrose is digested, glucose and fructose are formed which are then absorbed into the blood.

					C12H22O11 + H2O → C6H12O6 + C6H12O6

				 sucrose glucose fructose

				2. Starch is insoluble in water. When it is heated with water, it is broken down into simpler carbohydrates and forms a colloidal mixture. When starch is heated with dilute acid, it undergoes a hydrolysis reaction resulting in glucose as the final product.

				 (C6H10O5)n → (C6H10O5)n → C12H22O11 → C6H12O6

				 starch dextrin maltose glucose

				3. Cellulose molecules may be formed from more than 3500 glucose units. Cellulose is an amorphous substance, insoluble in water and unlike other polysaccharides, resistant to dilute acids and bases. However, it can be hydrolyzed by dilute acids under high pressures and temperatures.

					(C6H10O5)n → C12H22O11 → C6H12O6

				 cellulose cellobiose glucose

			

		

		
			
				Fermentation of glucose

			

		

		
			
				Hydrolysis reactions of disaccharides and polysaccharides

			

		

		
			
				 

				- experimentally determine functional groups in glucose;

				- compose reaction equation of glucose fermentation;

				- lead qualitative reaction for starch;

				- name the products of sucrose, starch and cellulose hydrolysis;

				- compare the structure and properties of starch and cellulose.
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				You will
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				Wood, cotton, and flax are composed largely of cellulose
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				Table 4.1

			

		

		
			
				Characteristic properties of cellulose and starch

			

		

		
			
				
					Cellulose

				

				
					Starch

				

				
					The polysaccharide of -glucose molecule
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					The polysaccharide of -glucose molecule
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					Cellulose is a linear polysaccharide of D-glucose units joined by -1,4-glycosidic bonds It has an, corresponding to approx. 2200 glucose units per molecule.

					The average molecular weight of 400,000

					g/mol.
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					Starch is a polymer composed of repeating glucose units joined in -glycosidic linkages. The two common forms of starch are amylose and amylopectin.

					One molecule of starch consists of thousands of glucose molecules.
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					Structural molecular of plant cell walls.

				

				
					Energy storage molecule in fruits, vegetables. 

				

				
					Humans and other animals cannot use cellulose as food. 

				

				
					We use as sources of glucose are starch and glycogen.
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				Why is honey the only food item that does not spoil?
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					Chemistry around us
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				Starch is an essential food for humans. Bread is composed of 50–75% starch.
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					Research time
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				Open in browser "thecrashcourse.com". Find the information about carbohydrates. Make a poster.
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				hexose - гексоза;

				colloidal - коллоидты / коллоидный;

				starch - крахмал;

				smooth - тегіс / гладкий; плавный.
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					Terminology
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					Chemistry around us
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				Saccharin C7H5NO3S (artificial sweetener) was discovered in 1879 by a chemist who failed to wash his hands after working in the lab. Saccharin was not used extensively until sugar shortages occurred during World War I. 
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					Chemfact
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				Bacteria in the digestive tracts of termites and cattle produce an enzyme that allows them to digest the cellulose in wood and grass.
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				Chemical properties of glucose as aldoalcohol. Qualitative reaction for starch.
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						Lab work №7

					

				

				
					[image: ]
				

			

		

		
			
				I. Testing for glucose

				Introduction. Benedict’s and Tollens’ reagents test are used to testing for simple carbohydrates (reducing sugars, monosaccharides), disaccharides.

				Materials: glucose powder, distilled water, Benedict’s reagent, Tollens’ reagent, beaker 100 mL, test tubes, test tube holder, dropper, stirring rod, spatula, tripod, burner, wire gauze. 

				Procedure:

				1. Place 100 mL beaker on the bench and put a tip spatula of glucose into the beaker separately. Dissolve them in 25 mL distilled water with stirring.

				2. Pour 5 mL of glucose solution in to test tube. 

				3. Add Tollens’ reagent into the test tube. 

				4. Heat the test tube carefully with a small flame. Observe that a silver mirror or precipitate is formed and record your observations.

				5. Add a few drops of Benedict’s reagent into the test tube with dropper (heat the test tube carefully) and record your observations. 

				Observation and questions:

				1. Note your observations on Tollens’ reagent test for glucose.

				2. Note your observations on Benedict’s reagent test for glucose.

				3. Write the equations for the reactions that take place in the experiment. 

				4. What are the functions of Tollens’ and Benedict’s reagents? Explain.

				Safety: Wear eye protection. Wear protective gloves. Wash hands thoroughly at the end of the experiment. Avoid contact with the Tollens’ reagent. Complexes of silver are toxic.

				II. Iodine test for starch

				Introduction. Starch is the most important polysaccharide. It occurs in the roots, and seeds of plants. Corn, potatoes, wheat and rice are the important commercial sources of starch. It is made up of glucose units. A characteristic reaction of starch is the formation of a blue compound with iodine.

				Materials: starch powder, boiling distilled water, beaker 100 mL, stirring rod, iodine-potassium iodide (I2-KI), dropper.

				Procedure:

				1. Add 1 g of starch into 10 mL of distilled water and stir the mixture to get a smooth suspension. Add this suspension solution slowly into 120 mL of boiling distilled water with constant stirring. After the addition is completed, boil the solution for 2 minutes, then allow the solution to cool.

				2. Add 1 drop of iodine-potassium iodide solution into the tube and record your observations.

				Observation and questions:

				1. Note your observations on the iodine-potassium iodide reagent test for starch.

				Safety: Wear eye protection. Wear protective gloves. 

			

		

		
			[image: ]
		

		
			
				1. What are the hydrolysis products of sucrose and cellulose?

				2. Write two main functions of carbohydrates in plants.

				3. How are polysaccharides hydrolyzed?

				4. 36 grams of an aldose with the general formula of CnH2nOn is reacted with Tollens’ reagent and 43.2 grams of silver are precipitated. What is the molecular formula of the aldose? 

				5. What is the basic structural difference between starch and cellulose? 
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				Literacy
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				Proteins. Structure of proteins

			

		

		
			
				5.3

			

		

		
			
				A protein is a biopolymer, of molecular weight typically 5000 g/mol or greater, consisting of one or more polypeptide chains. Many types of proteins exist, and they perform a variety of functions, including the following roles:

				1. Structure. The main structural material for humans and animals is structural proteins, which are the chief constituents of skin, bones, hair, and nails. Keratin and collagen are the most important structural proteins in nature. 

				2. Catalysis. Enzymes - proteins that serve as biological catalysts for reactions in all living organisms. Like all catalysts, enzymes increase the rate of reactions in our bodies.

				3. Movement. The structural unit of muscle has defined as the myofibril (actin and myosin, which comprise more than 75%).

				4. Transport. A large number of proteins perform transportation duties. For example, haemoglobin is essential for transferring oxygen in the blood from the lungs to the tissues. 

				5. Hormones. Some hormones that are products of endocrine glands are proteins or peptides, others are steroids. 

				6. Protection. Antibodies (immunoglobulin) protective proteins produced by the immune system.

				7. Storage. Some proteins store materials. For example, ferritin, a protein in the liver, stores iron.

			

		

		
			
				A large number of amino acids can be joined together to form proteins. Proteins in living organisms do not exist as a linear chain but as a folded macromolecule. Folding occurs due to attractive and repulsive forces between amino acid side chains, amino groups, and carboxyl groups. 

				A picture of a protein present in all eukaryotic cells ubiquitously, called ubiquitin is shown. However, it is almost impossible to see the backbone, pattern of how amino acids are organized in this close-to-actual picture of this protein. So it is useful to use a ribbon diagram to depict a protein’s three-dimensional structure. In the ribbon diagram, the backbone (the polymeric chain) of amino acids is clearly seen with certain elements like spirals and wide arrows. 

			

		

		
			
				Functions of proteins 

			

		

		
			
				Structure of proteins 

			

		

		
			
				 

				- describe the functions of proteins for life;

				- distinguish primary, secondary and tertiary structures of proteins;

				- name factors that define forms of different structures of proteins;

				- describe the dependence of protein properties on qualitative and quantitative amino acid composition.
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				You will
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					Why whales can hold their breath for a long time?
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					Chemistry around us
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				Rhino horns are made from keratin, the same substance that is found in human hair and fingernails.
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				Ubiquitin protein
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					Research time
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				Open in browser "sketchfab.com". Find the 3D structures of proteins. 
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				protein - ақуыз / белок;

				whale - кит;

				keratin - кератин;

				collagen - коллаген;

				enzyme - фермент;

				muscle - бұлшықет / мышца;

				hormone - гормон;

				antibody - антидене / антитело;

				rhino - мүйізтұмсық / носорог;

				ubiquitin - убиквитин; 

				ribbon - таспа / лента;

				helix - шиыршық / спираль.
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					Terminology
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				In order to understand this ribbon diagram (and protein structure in general), one has to understand four levels of protein structure. They are named as primary, secondary, tertiary and quaternary structures (Appendix K). 

				The primary structure of proteins is an order or sequence of amino acids that make up a protein. In ubiquitin, an order of how 76 amino acids link together is a primary structure. As previously mentioned, each amino acid can be represented by a unique three-letter sequence or one-letter code. One letter codes of amino acids are very useful when representing sequences of amino acids of proteins. The amino acid sequence of ubiquitin is represented by 76 letter code (as ubiquitin is formed from 76 amino acids) shown below.

				The first amino acid in the sequence is methionine (represented by a letter M) and the last amino acid in the sequence is glycine (represented by a letter G). N-terminus of a protein (methionine in this case), which contains free -NH2 (amino) group, is taken as the beginning, and the C-terminus, which contains free COOH (carboxylic group), is taken as the end. 

				The secondary structure of proteins is local regular folding of certain regions of proteins. This happens mainly because of the hydrogen bonding ability of amino acids located in that specific region. There are two common types of secondary structures called -helix and -sheet(or 
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				-strand). -helices are right-handed spirals where hydrogen bonding occurs within a single chain, while in -sheets hydrogen bonding occurs between two neighbouring chains. The arrow in -sheets shows the direction of the backbone. 
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				The tertiary structure of proteins is what determines the three-dimensional structure of an entire protein which contains several secondary structure units. 

				Quaternary structure is a structure of several polypeptide chains joined together by intermolecular forces. 
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					Chemfact
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				Spider silk is a fibrous protein that exhibits unmatched strength and toughness. Alanine and glycine are major components of the fibrous protein of spider silk. This silk has 3 times the impact strength of Kevlar and is 30% more flexible than nylon.
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				1. What are the many functions of proteins?

				2. How do amino acids combine to form proteins?

				3. What are the general characteristics of the primary, secondary, tertiary, and quaternary structure of proteins?

				4. Describe the function or biological activity of each protein or peptide: 

				- insulin; - myoglobin; 

				- -keratin; 

				- chymotrypsin; - oxytocin.

				5. Define the following as related to proteins

				- Peptide linkage 

				- Primary structure 

				- Denaturation.

				6. What type of bonding helps in stabilizing the -helix structure of proteins? 
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				Literacy
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				Keratin example, alpha-helix
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				The secondary structure of proteins
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					Research time
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				Open in browser "khanacademy.org". Choose Proteins and Amino acids. Watch the movies and read the information. Answer to the questions. 
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				Determination of polypeptide structure

			

		

		
			
				5.4

			

		

		
			
				Hydrolysis of polypeptide

			

		

		
			
				 

				- determine the composition of the polypeptide according to the reaction of hydrolysis;

				- experimentally conduct qualitative reactions to proteins;

				- experimentally conduct protein denaturation reactions.
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				You will
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				What happens when an egg is boiled for too long? Why is cooking an egg a chemical change?
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				Hydrolysis of peptides (and proteins) leads to the release of amino acids involved in their construction. Cleavage is carried out by boiling with hydrochloric or sulfuric acids. At the same time, all amino acids are released as salts, for example, chlorohydrates. An exception is tryptophan, which is destroyed during hydrolysis, and therefore other methods are required for its determination. Alkalis also hydrolyze peptides (and proteins), but this process proceeds less smoothly and leads to significant racemization of amino acids. Hydrolysis of polypeptides to amino acids can be carried out using enzymes (trypsin, pepsin).
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					Keep in mind

				

			

		

		
			
				The racemization is the process in which one enantiomer of a compound, such as an L-amino acid, converts to a mixture of two enantiomers. 
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							Practice work №1
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					I. Denaturation of protein

					Introduction

					Denaturation - the loss of the secondary, tertiary, and quaternary structures of a protein by a chemical or physical agent that leaves the primary structure intact.

					Materials: 

					test tubes, test tube holder, test tube rack, burner, egg white, graduated cylinder, ethyl alcohol solution, nitric acid solution. 

					Procedure:

					1. Place three test tube into the test tube rack. 

					2. Pour 10 mL of egg white in each test tube with a 10 mL graduated cylinder.

					3. Pour alcohol solution in the 1st test tube.

					4. Heat the 2nd test tube for a 2-3 minute. Record your observations.

					5. Pour the nitric acid solution in the 3rd test tube.

					Observation and questions:

					Observe the changes and record them on the data table.

					Data table 

					Safety: Wear eye protection. Do not taste foods in a laboratory. The food or the apparatus may be contaminated. The acid solution may be irritant. 

					II. Detection of proteins 

				

			

			
				
					
						Test tube №

					

					
						Denaturation method

					

					
						Observation

					

					
						1

					

					
						Alcohol solution

					

					
						2

					

					
						Heat

					

					
						3

					

					
						Acid solution

					

				

			

			
				
					Denaturation of protein. Detection of proteins 
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					Research time
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				Open in browser Protein determination. Watch the movies. Why do all proteins give a positive Biuret test?
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					Research time
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				Open in browser "www.rcsb.org" (Protein Data bank). Find the 3D structures of proteins. 
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				Introduction

				Colour reactions are used to identify the presence of protein.

				Materials: 

				egg white solution, NaOH solution (10%), NaOH solution (20%), CuSO4 solution (1%), conc HNO3 solution, lead acetate solution, test tubes, test tube holder, dropper, burner. 

				Procedure:

				Biuret test

				1. Pour 5 drops of egg white solution (1 %) in the test tube.

				2. Add 5 drops of sodium hydroxide solution and 2 drops of copper sulfate solution (1 %) into the test tube. Mix well; a blue to violet colour is obtained with albumin, casein and gelatin.

				3. Observe the changes and record on the data table.

				Xanthoproteic test

				1. Pour 5 drops of egg white solution (1 %) in the test tube.

				2. Add 3 drops of concentrated HNO3 solution into the test tube.

				3. Heat the solution gently until boiling. 

				4. After cooling the test tube add 10-15 drops of NaOH solution (20%) to the test tube. 

				5. Note your observation. 

				Reduced sulfur test

				1. Pour 5 drops of egg white solution (1 %) in the test tube.

				2. Add 2 drops of NaOH solution (10%) and 2 drops of Pb(CH3COO)2.

				3. Mix well. Place the test tube in the water in the beaker.

				4. Heat the solutions in the beaker by heating the water with a burner for a few minutes. A black deposit is formed with sulfur-containing proteins (cysteine, cystine)

				Observation and questions:

				Observe the changes and record them on the data table. 

				Safety: Wear eye protection. Base and salt solutions may be toxic.
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					Colour of the solution

				

				
					Conclusion

				

				
					Biuret test

				

				
					Xanthoproteic test

				

				
					Reduced sulfur test
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					Career
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				Quality control specialists use knowledge of analytical chemistry to conduct analytical tests, test products, prepare samples, etc. 
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					Career
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				Chemistry teachers use knowledge of chemistry to teach students. 
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				polypeptide - полипептид;

				denaturation - денатурация;

				alkalis - сілті / щелочь;

				racemization - рацемизация;

				enantiomer - энантиомер;

				gelatin - желатин;

				casein - казеин;

				albumin - альбумин;

				Xanthoproteic test - Ксантопротеин тесті / Ксантопротеиновый тест.
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					Terminology
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				Enzymes. Role and uses of enzymes

			

		

		
			
				5.5

			

		

		
			
				Reactions taking place in living organisms (in cells) generally are too slow or do not occur at all without catalysts called enzymes. Enzymes are proteins, which speed up chemical reactions by reducing the activation energy. Note that, both the rate of forward and reverse reactions increases. Thus, the equilibrium of the reaction does not change, only the rate increases when enzymes catalyze a reaction. 

				Reactions occurring in the presence of enzymes take place in the specific region of an enzyme called active site. Substrates are reactants participating in a chemical reaction that binds to an enzyme. In an active site of an enzyme, amino acids located in that area induce substrates to be positioned in way so that transition state is achieved easily. The main responsibilities of amino acids located in an active site are either holding a substrate in a specific arrangement so that reaction will proceed, or participating in a chemical reaction. Usually, enzymes need cofactors to function properly. Cofactors can be organic molecules named coenzymes or simple metal ions. 

				Two models were proposed to explain active site - substrate interaction (binding). A lock-and-key model describes binding in a way that an active site and substrate are seen as rigid structures that resemble a lock and a key. Lock is seen as an enzyme and a key as a substrate. The substrate has to have a structure which perfectly fits the active site of an enzyme. 

				The induced-fit model seems more accurate compared to the lock-and-key model; it states that when a substrate enters the active site, both the active site and substrate change their shape to maximize the attraction. This model explains why some enzymes can catalyze different substrates provided that substrates do not have notable differences in their structure. 

			

		

		
			
				Lock-and-key model and induced fit

			

		

		
			
				 

				- explain the process of enzymatic catalysis and the action of enzymes from the point of view of the “lock and key” model;

				- explain competitive inhibition.
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				You will
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				Autolysis is the destruction of a plant cell by its own enzymes. What is the importance of fruit autolysis? 
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					Research time
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				Open in browser Nobel prize in Chemistry 2018. Research the enzyme functions in the human body.
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					Research time
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				Open in browser Enzymes | Biology for all. Watch a video. Research the enzyme functions in the human body.
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					Career
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				Dietitians use knowledge of biochemistry to assess, diagnose, to treat dietary problems, to help improve human health. 
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				competitive inhibition - бәсекелік тежеу / конкурентное торможение;

				autolysis - автолиз;

				activation energy - активтендіру энергиясы / энергия активации; 

				substrate - субстрат;

				cofactor - кофактор;

				dietitian - диетолог;

				saliva - сілекей / слюна.
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					Terminology
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				 Enzyme activity is regulated by substances which either increase or decrease its activity. Inhibitors are substances which decrease the activity of the enzyme. Some inhibitors can bind to the active site of an enzyme, blocking a substrate to bind to the same site. It is called a competitive inhibition as a substrate and an inhibitor compete for the active site. In order to fit to the active site, the inhibitor has to resemble in structure the substrate. The outcome of the competition depends on the concentration of the competitors (an inhibitor and a substrate). In non-competitive inhibition, an inhibitor binds to different sites of an enzyme called allosteric sites. This results in an induced-fit that affects the shape or conformation of an active site so that a substrate cannot bind to the active site. 

			

		

		
			[image: ]
		

		
			
				1. What is the difference between competitive and non-competitive inhibition?

				2. Use the given representations for an enzyme, substrate, and inhibitor to illustrate the process of noncompetitive inhibition. 
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				Literacy
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				Сompetitive inhibition
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					Chemfact
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				An enzyme in the saliva is called amylase that helps to break down starches as you chew. 
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					Chemfact
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				Catalase is an enzyme in the liver that decomposes damaging hydrogen peroxide into oxygen and water.
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					Chemistry around us
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				The Krebs cycle enzymes:

				- Citrate synthase

				- Aconitase

				- Isocitrate dehydrogenase 

				- alpha-ketoglutarate dehydrogenase

				- Succinyl coenzyme A synthetase

				- Succinate dehydrogenase

				- Fumarase

				- Malate dehydrogenase	
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				DNA structure
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				Deoxyribonucleic acid or DNA is a nucleic acid where hereditary information of living organisms is stored. It is the same in all cells of the same organism and stored in the cell nucleus. 

				Similar to proteins, DNA is also a macromolecule (polymer). However, DNA is formed only from 4 different monomers called nucleotides (compared to 20 amino acids which make up a protein) (Appendix M). Nucleosides are molecules which contain:

				• A nucleobase: adenine, guanine, thymine and cytosine

				• A pentose sugar: deoxyribose

				• A phosphate group

			

		

		
			
				The primary structure of DNA is similar to the protein’s primary structure. It shows the sequence of how these nucleotides connect together to form a strand of DNA. The secondary structure shows how two strands of DNA bind together. Nucleotides of each strand can bond via hydrogen bonds to nucleotides of other (often named as complementary) strand of DNA. Hydrogen bonding occurs between bases, specifically between pairs of adenine-thymine and cytosine-guanine. Thus, if the sequence of only one strand is known, then the sequence of the second strand can be deduced. 

			

		

		
			
				 

				- describe the DNA and RNA structures;

				- explain the coding system of the primary structure of a protein in a DNA molecule.
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				How do forensic scientists use DNA fingerprinting?
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					Chemistry around us
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				DNA fingerprinting is a laboratory technique used to establish a link between biological evidence and a suspect in a criminal investigation.
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				Open in browser "pinterest.com". Research the ideas for modeling of DNA.
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				Criminalists use knowledge of chemistry to examine and analyze evidence from a crime scene. 
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				DNA - ДНҚ / ДНК;

				RNA - РНҚ / РНК;

				fingerprint - "саусақ ізі" / "отпечаток пальца";

				forensic - сот-медициналық / судебный;

				nucleoside - нуклеозид. 
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					Lab work №8
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				Model of DNA 

			

		

		
			
				Materials: coloured papers (phosphate group - red, deoxyribose sugar-white, adenine - orange, guanine - purple, thymine - green, cytosine - blue), scissors, pen, pencil.

				Procedure:

				1. Colour each nucleotide piece/shape a different colour.

				2. Cut out each DNA shape above separately (24 phosphate group, 24 deoxyribose sugar, 6 adenines, 6 guanines, 6 thymines, 6 cytosines)

				3. Tape 2 pieces of construction paper together.

				4. Using your cut out DNA nucleotide shapes, construct a two dimensional (2D) DNA model.
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				The tertiary structure of DNA shows the complete three-dimensional structure of DNA. There are 3 common types (arrangements) which are found in the cell of living organisms. They are termed as A-DNA, B-DNA and Z-DNA. Some of their properties are given in the table:

			

		

		
			
				RNA or ribonucleic acid is a polymer of nucleotides that is made up of a ribose sugar, a phosphate, and bases such as adenine, guanine, cytosine, and uracil (Appendix M). 

			

		

		
			
				RNA plays a crucial role in gene expression by acting as the intermediate between the genetic information encoded by DNA and proteins. 

			

		

		
			
				A gene is a part of a DNA macromolecule responsible for the synthesis of a single protein chain. DNA contains information about the primary structure of the protein - genetic information. It is recorded in the primary structure of DNA, i.e., in the nucleotide sequence. 

				The letters A, G, T, and C correspond to the nucleotides found in DNA. Within the protein-coding genes, these nucleotides are organized into three-letter code words called codons, and the collection of these codons, once transcribed into mRNA, makes up the genetic code (Appendix M). It was impossible to understand protein synthesis—or to explain mutations—before the genetic code was elucidated. The code provides a foundation for explaining the way in which protein defects may cause genetic disease and for the diagnosis and perhaps the treatment of these disorders.

			

		

		
			
				 RNA structure

			

		

		
			
				Genetic code
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				Nucleobases which present in RNA
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				ATP and energy production

			

		

		
			
				5.7

			

		

		
			
				The most important molecule in our body in terms of energy production is ATP (adenosine triphosphate: an adenyl nucleotide containing three phosphoric acid residues and formed in mitochondria).

				Every cell in our body stores and uses energy for biochemical reactions through ATP, so ATP can be considered the universal currency of biological energy. All living things need a continuous energy supply to support protein and DNA synthesis, metabolism and transport of various ions and molecules, and support the vital functions of the body. Muscle fibers during strength training also require readily available energy. 

				ATP supplies energy for all these processes. However, in order to form ATP, our cells require raw materials. People get this raw material through calories and oxidation of consumed food. To produce energy the food must first be processed into an easily used molecule - ATP.

			

		

		
			
				ATP molecule consists of three components:

				1. Ribose (the same five-carbon sugar that forms the backbone of DNA)

				2. Adenine (combined carbon and nitrogen atoms)

				3. Triphosphate

				The ribose molecule is located in the center of the ATP molecule, the edge of which serves as the base for adenosine. A chain of three phosphates is located on the other side of the ribose molecule. ATP saturates long, thin fibers containing myosin protein, which forms the basis of our muscle cells.

			

		

		
			
				 

				- construct structure and scheme of ATP hydrolysis.	
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				You will
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				Adenosine triphosphate

			

		

		
			
				Structure of ATP

			

		

		
			
				Mitochondria structure

			

		

		
			
				ATP structure
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				What happens to the human body during and after running?

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Research time
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				Open in browser "avogadro.cc". Download it on the computer. Build the molecular structures of ATP, AMP, and ADP.

			

		

		
			
				ATP energy is essential for many living processes, including muscle contraction and nerve impulses
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				ATP is a permanent source of energy for the cell. It is mobile and can deliver chemical energy to any part of the cell. When a cell needs energy, the only thing needed to get it is ATP hydrolysis. 

				First, with the help of a special coenzyme, one of the three phosphates is separated (each of which contains ten calories of energy), due to which a large amount of energy is released and the reaction product adenosine diphosphate (ADP) is formed. If more energy is required, the next phosphate group is separated, forming adenosine monophosphate (AMP).

			

		

		
			
				Hydrolysis of the ATP molecule, accompanied by the removal of 1 or 2 phosphoric acid residues, leads to the release from 40 to 60 kJ / mol. The released energy is used in a variety of processes occurring with the expenditure of energy.

			

		

		
			
				When rapid energy production is not required, the reverse reaction takes place — with the help of ADP, phosphagen, and glycogen, the phosphate group re-attaches to the molecule, thereby forming ATP. This process involves the transfer of free phosphates to other muscle-containing substances, which include glucose and creatine. In this case, glucose is taken from the glycogen stores and split.

				The energy obtained from this glucose helps to re-convert glucose to its original form, after which the free phosphates can again be added to ADP to form a new ATP. After completing the cycle, the newly created ATP is ready for the next use.

				Simply, ATP works as a molecular battery, conserving energy when not needed, and releasing it if necessary. Indeed, ATP is similar to a fully rechargeable battery.

			

		

		
			
				Hydrolysis of ATP

			

		

		
			
				ATP + H2O → ADP + H3PO4 + energy

				ATP + H2O → AMP + H4P2O7 + energy
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					Chemfact

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				ATP is extremely quickly updated. For example, in a human body, each ATP molecule breaks down and is restored 2,400 times a day, so its average lifespan is less than 1 minute.
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				1. What is ATP and why is it important?

				2. What is the structure of ATP?

				3. ATP is from which category of molecules?

				Polysaccharide, Protein, Nucleotide, Amino acid

					

			

		

		
			[image: ]
		

		
			
				Literacy
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					Research time
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				Open in browser How mitochondria produce energy. Watch a video and research the functions of mitochondria.

			

		

		
			
				Human muscle
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				ATP - АТФ;

				ADP - АДФ;

				mitochondria - митохондрия; 

				ribose - рибоза;

				coenzyme - кофермент.
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					Terminology
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				Essential elements of life and heavy metals

			

		

		
			
				5.8

			

		

		
			
				The human body consists of 81 chemical elements of 92 natural elements. It seems like the human body is a complex chemical laboratory. It is hard to imagine, but daily our well-being, mood, and even appetite may depend on mineral substances. Without them, vitamins are useless, the synthesis and breakdown of proteins, fats and carbohydrates are impossible (Table 4.2).

				Chemical elements and their compounds that are necessary for the normal functioning of the body in relatively large quantities are called macroelements, and the elements required by organisms in extremely small quantities are called microelements. Both excess and lack of metals have a negative effect on the body, and some metals can even have a toxic effect. 

				Calcium

				Calcium is the most common element in the body. Up to 99% of the calcium present in the body is concentrated in the bones of the skeleton, and about 1% - in the composition of all organs, tissues and biological fluids. It participates in blood coagulation processes, the formation of bone tissue, mineralization of teeth.

			

		

		
			
				 

				- evaluate the biological role of essential elements: iron, magnesium, calcium, potassium, sodium.
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				You will
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				Calcium element is found in skeletal tissue 
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				How does the human body get iron? Inorganic or organic form?
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				Iron

				Iron is one of the most abundant metals in nature. Iron is irreplaceable in the process of blood formation and intracellular metabolism. This element is part of the blood hemoglobin, which is responsible for the transport of oxygen and the performance of oxidative reactions. Iron plays an important role in the processes of energy release, enzymatic reactions and providing immune functions. Iron deficiency causes the development of anemia, which is based on the reason for the lack of iron ions for the synthesis of hemoglobin.

			

		

		
			
				Hemoglobin structure

			

		

		
			
				Elemental composition of human body
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					Research time
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				Open in browser "thoisoi.ru". Watch a video about essential elements in the human body.
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				bone tissue - сүйек ұлпасы / костная ткань; 

				serum - сарысу / сыворотка;

				malfunction - бұзылу / неисправность.
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					Terminology
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				All animal cell membranes contain a protein pump called the sodium-potassium pump (Na+K+ATPase). This uses the energy from ATP splitting to simultaneously pump 3 sodium ions out of the cell and 2 potassium ions. 

			

		

		
			
				Sodium

				Sodium is an electrolyte that plays a key role in regulating fluid metabolism. Sodium in the form of Na+ cation is involved in maintaining homeostasis (ion equilibrium, osmotic pressure in body fluids). Malfunction of homeostasis leads to thirst, dry mucous membranes, swelling of the skin. Sodium also participates in the transport of carbon dioxide and protein hydration.

			

		

		
			
				Potassium

				Potassium is one of the most important electrolytes in the body. Potassium, like sodium, has great importance in the formation of buffer systems that prevent shifts of the reaction medium and ensure their constancy. It is believed that potassium has a protective effect against the undesirable effect of excess sodium and normalizes blood pressure. For this reason, in some countries, it has been proposed to produce table salt with the addition of potassium chloride.

			

		

		
			
				Magnesium

				Magnesium in the body is contained mainly in the form of salts (in the serum, red blood cells, skeleton). Magnesium is involved in metabolic processes, closely interacting with potassium, sodium, calcium. It is also an activator for a variety of enzymatic reactions. Magnesium is involved in the synthesis of fatty acids, activation of amino acids, protein synthesis. The normal level of magnesium in the body is necessary to ensure the “energy” for vital processes and the regulation of neuromuscular conduction.
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				Table 4.2 

			

		

		
			
				Percentage of some metals in human body

			

		

		
			
				
					Elements

				

				
					Fe

				

				
					Ca

				

				
					Mg

				

				
					Na

				

				
					K

				

				
					Percentage in human body

				

				
					0.006%

				

				
					1.5%

				

				
					0.05%

				

				
					0.15%

				

				
					0.25%
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					Chemistry around us
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				Potassium is a critical cation for normal heart and skeletal muscle function and nerve impulse conduction. 

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Chemfact
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				Eating much amount of calcium in your diet can lead to an increase in oxalate levels and the formation of kidney stones.
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				1. Na+, K+, Ca2+, and Mg2+ are the four major cations in the body. For each cation, give the following information: 

				• the number of protons

				• the number of electrons

				• the electronic configuration

				• its role in the body.

				2. Why is a high amount of sodium chloride harmful to the body?
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					Research time
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				Open in browser "sporcle.com". Find the human body elements quiz. Play the game.
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				Na-K pump
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				Environmental pollution by heavy metals.

				Effect of heavy metals on proteins

			

		

		
			
				5.9

			

		

		
			
				Environmental pollution is an undesirable change in the physical, physicochemical and biological characteristics of air, soil, and water, which may adversely affect human life, plants, animals and cultural property (Table 4.3). It is also depleted or damages raw materials. They interrupt or disrupt the processes of metabolism and circulation of substances, energy distribution as a result of changing the properties of the environment, living conditions of organisms, reduced productivity or destroyed ecosystems. Such transformations affect humans through biological resources, water, and products.

			

		

		
			
				The main sources of pollution are:

				• Thermal power plants (27%);

				• The facility of ferrous (24%) and non-ferrous (10.5%) metallurgy;

				• Petrochemical industry (15.5%);

				• Building materials (8.1%)

				• Chemical industry (1.3%)

				• Vehicle engines (13.3%)

			

		

		
			
				Sources of heavy metals 

			

		

		
			
				 

				- list sources of environmental pollution by heavy metals;

				- explain the toxic effects of heavy metals on living organisms.
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				You will
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				Table 4.3 

			

		

		
			
				Primary sources of heavy metals

			

		

		
			
				
					Toxic metals

				

				
					 Sources

				

				
					Lead Pb

				

				
					Battery plant, 

					refinery, 

					smelting, 

					fuel combustion, 

					Leaded gasoline, 

					Pb-based paints, 

					food cans, 

					Pb plumbing pipes, 

					automobile exhaust ((C2H5)4Pb) 
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					Mercury Hg

				

				
					Refinery, 

					Plastics, 

					Paints, 

					Antiseptics,

					Scientific instruments, 

					Fuel combustion, Photography, 

					thermometers, 

					street lamps
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				Chemfact
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				Many studies have investigated whether aluminum increases the risk of Alzheimer's.
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				Why does mercury dissolve metals?
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					Research time
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				Open in browser "pubchem.ncbi.nlm.nih.gov". Find about heavy metals. Research the toxicity and hazard effects for health. Which metal is very toxic?
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					Research time
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				Open in browser Heavy metals in Kazakhstan. Find about heavy metals and their production. 
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				Approximately 30 metals and metalloids of the 92 naturally occurring elements are potentially toxic to humans: Be, B, Li, Al, Ti, V, Cr, Mn, Co, Ni, Cu, As, Se, Sr, Mo, Pd, Ag, Cd, Sn, Sb, Te, Cs, Ba, W, Pt, Au, Hg, Pb, and Bi (Table 4.4). 

				Heavy metal salts act to denature proteins in much the same manner as acids and bases. Denaturation is a process in which proteins lose their tertiary structure.

			

		

		
			
				
					Metals

				

				
					Effect in humans

				

				
					Aluminum

				

				
					Alzheimer’s and Parkinson’s diseases

				

				
					Lead

				

				
					Nausea, anemia, kidney diseases

				

				
					Mercury

				

				
					Diarrhea, fever, tremor, nausea

				

				
					Copper

				

				
					Hypertension, nausea

				

				
					Cadmium

				

				
					Hypertension, nausea, damage renal and hepatic systems

				

				
					Chromium

				

				
					Lung damage and cancer

				

				
					Zinc

				

				
					Relatively harmless, a carcinogen 
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					Chemistry around us
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				Methylmercury compounds, used extensively in the past as fungicides have been responsible for several mass outbreaks of poisoning. 
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				Table 4.4 

			

		

		
			
				Toxic diseases of heavy metals
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				1. How is lead mined and processed?

				2. Where is the cadmium metal used?

				3. Where are lead deposits found in Kazakhstan?

				4. Mercury is one of the toxic metal. What to do when broke a mercury thermometer?
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				Literacy
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						Cadmium Cd

					

					
						Tannery, 

						Smelter, 

						Batteries, 

						electroplating, 

						Mining, 

						Pigments and plastics 
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						Copper Cu

					

					
						Electroplating, 

						electrical industry
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						Chromium Cr 

					

					
						Steel alloys, cast iron alloys, metal plating industry
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				Protein denaturation process
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				electroplating - электро қаптау / гальваника;

				tannery - тері илеу зауыты / кожевенный завод.
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					Terminology

				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				Questions and problems

			

		

		
			
				1. What is the importance of carbohydrates for living organisms?

				2. What are the most important carbohydrates around us?

				3. What is the primary product of the photosynthesis process? Explain the photosynthesis process. 

				4. Calculate molecular masses of glucose and sucrose.

				5. Which one(s) of the following is(are) the properties of carbohydrates?

				I. Carbohydrates have aldehyde or ketone group in their structures.

				II. Carbohydrates are polyalcohols.

				III. Carbohydrate molecules have H/O by a ratio, 1/2.

				A) I only B) III only C) I and II	

				D) II and III E) I ,II,III

				6. Which one of the following statements is wrong for the monosaccharides?

				A) their molecules have at most 6 carbon atoms 

				B) they are soluble in water

				C) they can be oxidized	

				D) they can be reduced

				E) they do not have an asymmetric carbon atom

				7. Carbohydrates are produced in the green leaves of plants by the process of ;

				A) photosynthesis 

				B) metabolism 

				C) hydrolysis 

				D) respiration 

				E) reduction 

				8. Carbohydrates may contain the functional groups 

				A) of an aldehyde

				B) of a ketone

				C) hydroxyl groups

				D) all of the above

				E) nitro groups

				9. Which one of the following can produce glucose and galactose when it is hydrolyzed?

				A) lactose B) sucrose	C) maltose	

				D) starch E) cellobiose

				10. Which one(s) of the followings can produce only glucose when hydrolyzed.

				I.cellobiose

				II.maltose

				III.lactose

				A) only I B) only III C) I and II D) II and III E) I, II and III

				11. Which one(s) of the following pairs is (are ) 

				isomers?

				I.glucose - fructose

				II.fructose-galactose

				III.galactose-sucrose

				A) only I B) only II C) I and II	

				D) II and III	E) I and III

				12. Which one of the following is not necessary for photosynthesis?

				A) H2O 

				B) glucose 

				C) chlorophyll 

				D) sunlight 

				E) CO2

				13. Fehling’s solution gives a positive test with 

				A) glucose

				B) sucrose

				C) copper(I) oxide 

				D) starch 

				E) none of them

				14. Which one is not a polysaccharide?

				A) glycogen 

				B) dextrins 

				C) cellulose 

				D) starch 

				E) lactose

				15. Explain how peptide bonds are formed.

				16. How many water molecules are formed when 50 amino acid molecules are bonded together by peptide bonds?

				17. What is the importance of proteins in daily life?

				18. There are two possible dipeptides containing one residue each of lysine and proline. Draw their structures. 

				19. How many different tripeptides could be made with the amino acid composition Val, Pro, Lys? Write their amino acid sequences using the one-letter abbreviations

				20. Describe the function or biological activity of each protein or peptide: 

				(a) insulin; (b) myoglobin; (c) α-keratin; (d) chymotrypsin; (e) oxytocin.

				21. What is the difference between reversible and irreversible inhibition?

				22. What is the difference between competitive and non-competitive inhibition? 

				 23. Why must vegetarian diets be carefully balanced?

				24. Why does cooking meat make it easier to digest?
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					CHAPTER

				

			

		

		
			
				6.1 Polymers. Polymerization reactions.

				6.2 Polycondensation reactions. Polyamides and polyesters.

				6.3 Uses and environmental effects of plastic.

				Questions and Problems
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				ABS (Acrylonitrile, Butadiene and Styrene polymers) is a material commonly used in personal or household 3D printing.
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				Polymers. Polymerization reactions

			

		

		
			
				6.1

			

		

		
			
				 

				- define terms "monomer", "oligomer", "polymer" "degree of polymerisation"; 

				- define terms related to study of polymers; 

				- write equations for polymerization reactions.
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				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				Currently, chemists have learned how to manage the reactions for the production of polymers with the required characteristics. Polymers are widely used in many different spheres as bottles, packaging film, a heart valve, textile fabrics, adhesives, roof coatings and etc. Therefore, the 21st century is often called the age of synthetic polymers. Moreover, synthetic polymers are a key reason for the high standard of living in developed countries. 

				Polymers are large molecules, or macromolecules, composed of hundreds or thousands of monomers interconnected in a long, chain-like structure. So, monomers are compounds that can forms polymers under polymerization reactions. The ability of monomers to polymerize is mainly due to the presence of double bonds in their molecules.

			

		

		
			
				Polymerization is a process similar to the addition reactions except that there is no reactant other than the monomer itself. Addition polymerization is a self-addition reaction in which many thousands of organic molecules with double bonds are interconnected to one another to form macromolecule molecules. The process relies on the breaking of  bonds in the monomer molecules, which are then linked together by new  bonds. 
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				The polymerization reaction requires the presence of a catalyst. For example, polyethylene is produced by the use of aluminum ethanolate (Al(C2H5O)3) and titanium (IV) chloride. The process is done under atmospheric pressure and room temperature. Synthesized polyethylene under mentioned conditions has a higher melting point and higher mechanical strength. 

			

		

		
			
				However, the number of monomers in the polymer must be sufficiently large, otherwise, the compound will be called an oligomer. Thus, oligomers consist of a few monomeric units while polymers, theoretically, can have an infinite number of monomers. Another crucial difference is a molecular characteristic, properties of polymers do not change after adding another monomeric unit in contrast to oligomers.

				The most common way of expressing the "length" of polymer is to calculate the degree of polymerization. For homopolymers, polymers with only one type of monomeric unit, a degree of polymerization is calculated by a formula:

			

		

		
			
				where Mn is an average molecular mass of a polymer and M0 is a molecular mass of the monomer.
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				Polymers

			

		

		
			
				Polymerization
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					Keep in mind
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					Keep in mind

				

			

		

		
			
				Macromolecules are large molecules, typically composed of thousands of atoms or more. 

			

		

		
			
				Monomers also can be called elemental units or structural units. 

			

		

		
			[image: ]
		

		
			
				Colourful plastic polymer granules
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				Why are ski jackets at keeping you warm when you wear them casually during everyday activity in winter?
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					Research time
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				Open in browser Biodegradation of Synthetic Polymers by Fungi. Find the information. How does fungus degrade polymers?
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				monomer - мономер;

				oligomer - олигомер;

				polymerization - полимерлену / полимеризация;
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					Terminology
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					Chemfact
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				The modern concept of polymers as macromolecular structures was proposed in 1920 by Hermann Staudinger, who spent the next decade finding experimental evidence for his hypothesis. For this work, he received the 1953 Nobel Prize in Chemistry.

			

		

		
			
				The first artificial heart was implanted into a human in 1982. The heart consisted of different material including some polymers - polyurethane and polycarbonate. 
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					Chemistry around us
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				Poly(methyl methacrylate) is synthesized by addition polymerization reactions. It is used in the production of factory and aircraft windows; bathtubs; contact lenses; dentures and dental fillings.
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				Example 
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				Write the equation for the polymerization of vinyl chloride to form PVC.

				Solution:
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					Activity

				

			

		

		
			
				Which type of polymer is better suited for use in swimsuits?

				Conduct a little research by seeking information on the web. For example, you can examine differences between nylon and polyester with respect to stretchiness, durability, and colourfastness in chlorinated water (like in a swimming pool) or seawater.
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				1. What is the difference between polymer and monomers?

				2. What is the degree polymerization of a polypropylene PP polymer with a molecular weight of 10500 grams/mol?

				3. Write polymerization reactions of styrene, ethylene, vinyl acetate.

				4. What polymer is formed when CH2=CHCOOCH3 (methyl acrylate) is polymerized?

				5. If a molecule of polystyrene consists of 25,000 monomers, what is the molar mass of the molecule?
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				Literacy
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				Polymers and their properties: polymerization of nylon
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						Lab work №9
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				Materials: 1,6-hexanediamine, hexanedioic acid, sebacoyl chloride, beaker, tweezers, stirring rod. 

				Procedure:

				1. Dissolve 1 mL of the sebacyl chloride in 50 mL of hexane.

				2. Dissolve 2.5 mL of 1,6-hexanediamine in 25 mL of 3% sodium hydroxide. 

				3. Take 10 mL of the diamine solution and place it in a beaker.

				4. Slowly pour 10 mL of the sebacoyl chloride solution into the beaker containing the diamine solution so as to form two layers. 

				5. Reach to the interface with tweezers, grasp the polymeric film.

			

		

		
			
				Observation and questions:

				1. Note the colour of the product.

				2. Note your observations in the experiment.

				Safety: All chemicals are hazardous to the skin and eyes. Wear eye protection. Wear protective gloves. 

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				
					[image: ]
				

				
					[image: ]
				

			

			
				
					[image: ]
				

				
					[image: ]
				

			

		

		
			[image: ]
		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Polycondensation reactions. Polyamides and polyesters

			

		

		
			
				6.2

			

		

		
			
				 

				- write equations for polycondensation reactions;

				- understand that polymers produced by polycondensation undergo hydrolysis reaction, and understand that these polymers are biodegradable;

				- distinguish experimentally plastic and fibers.
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				There are two types of polymerization reactions. Addition polymerization is the type of polymerization that takes place with alkenes, in which no small by-product results. The other type is called a condensation polymerization because a small molecule is a by-product of the process. Common condensation polymers include two classes, polyesters, and polyamides. 

				The esterification is a base reaction for the production of polyesters. The esterification reaction becomes a polymerization reaction if the reactants have two functional groups in one molecule, simply bifunctional. The product of the acid-catalyzed reaction of a dicarboxylic acid and a diol can act as a monomer: 

			

		

		
			
				The reaction results with dimer molecules with -COOH and -OH at different ends of the molecule. 

			

		

		
			
				The dimer molecules react to form a tetramer, which also contains a carboxyl group at one end and hydroxyl at the other end.

			

		

		
			
				The tetramers react, and the process repeats itself over and over again to produce larger and larger molecules. When the molecular mass of the polyester is high enough the reaction can be stopped by cooling.

				The reaction of carboxylic acid and an amine can yield with other condensation polymers, polyamides. Proteins and nylons are examples of polyamides. The process of their formation is similar to the reaction described above. For example, сaprone or nylon 6, can be produced from 6-aminohexanoic acid:

			

		

		
			
				Polycondensation
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				Chemfact

			

		

		
			
				Chemfact
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				The usual name of this common polyester is poly(ethylene terephthalate). The everyday name depends on whether it is being used. If it is being used as a fibre, often it will be called polyester. However, when it is being used to make bottles, it is usually called PET.

			

		

		
			
				ABS is a plastic commonly used in 3D printing.
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				What material is a firefighter suit made of?
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					Research time
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				Open in browser Biodegradable polymers. Research the classification, properties and application areas of polymers.

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Polymers have a great environmental impact as they can lead to pollutions that pose a health risk to wildlife. So, seeking for environment-friendly degradation processes is crucial as humanity increases the need for polymers year after year.

			

		

		
			
				Biodegradation is the breakdown of complex organic compounds by living organisms (microorganisms, fungi, algae). Polyesters and polyamides are examples of synthetic polymers that biodegrade quickly. Their ester and amide bonds are water sensitive. Simple esters and amides are easily hydrolyzed by reaction with dilute acids or alkalis. However, polyesters are attacked readily by alkalis, but much more slowly by dilute acids while polyamides are fairly readily attacked by strong acids, but are much more resistant to alkaline hydrolysis. Hydrolysis by water alone is so slow as to be completely unimportant. 

			

		

		
			
				Biodegradation
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					Chemistry around us
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				If you spill dilute acid on a fabric made from nylon, you will end up with a hole. The amide bonds undergo hydrolysis and fibres are destroyed. The whole fiber does not disappear, because you produce small molecules rather than the original polymer.
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					Chemfact
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				Kevlar is a very strong material - about five times as strong as steel. It is used in bulletproof vests, in lightweight mountaineering ropes, for lightweight skis and etc.
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				1. Write a balanced chemical equation to represent the addition polymerization of 1,1-dichloroethylene. The product of this reaction is Saran, used as a plastic wrap.

				2. Write a balanced chemical equation to represent the addition polymerization of tetrafluoroethylene.

				3. The polymer polymethyl methacrylate is used to make Plexiglas. It has the formula

				4. Determine the mass of adipic acid and the mass of hexamethylenediamine needed to make 1.0×103

				kg of nylon fiber.

				5. Why does nylon form strong fibers?

				6. What are some applications of crystalline polymers such 

				as HDPE and Kevlar?
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				Literacy
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				3. Draw the structural formula of the starting monomer.

			

		

		
			
				Hydrolysis of polyesters by alkalis
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						Practice work №2
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				Recognition of plastics and fibers 

			

		

		
			
				Use Apppendix G
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				firefighter - өрт сөндіруші/ пожарный;

				polycondensation - поликонденсация; 

				polyester - полиэстер;

				nylon - нейлон;

				biodegradation - биоыдырау / биоразложение;

				polyamide - полиамид;

				kevlar - кевлар.
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					Terminology
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				Materials: cotton, silk, polyester, nylon, matches (Bunzen burner), tweezers, Petri dish. 

				Procedure:

				Light a Bunsen burner. The Bunsen burner is used to gently heat the fibers. Stop heating when the fiber just begins to melt; it will spontaneous lt proceed to combust in the air.

			

		

		
			
				Materials: LDPE, HDPE, PVC, PP, solvents (hexane, ethanol, acetone, acetic acid), beakers, test tubes, tweezers. 

				Procedure:

				1. Fill 4 test-tubes with hexane 1 to 4 and label each tube.

				2. Place a sample of each type of polymer into solvent 1.

				3. Use a glass rod to stir the contents of the tube. Observe whether the waste plastics float or sink.

				4. Wash the glass rod and dry it on a tissue or paper towel.

				5. Repeat the test for solutions 2 to 6. Use a new sample each time.
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				Uses and environmental effect of plastic

			

		

		
			
				6.3

			

		

		
			
				 

				- know properties and uses area of some polymers;

				- analyze the environmental effect of preparation and uses of plastics;

				- describe the recycling process of polymers.
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				You will

			

		

		
			
				There are many different polymers that we use daily and it is impossible to list all of them in this unit. So, it is better to systemize the information about some frequently mentioned polymers in Table 5.1.
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				Table 5.1

			

		

		
			
				Polymers of commercial importance

			

		

		
			
				
					Polymer

				

				
					Structure

				

				
					Properties

				

				
					Uses

				

				
					polyethylene
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					- low strength

					- low hardness

					- low rigidity

					- high ductility

					- melting point is in the range 105 to 180°C

					- a good electrical insulator

				

				
					Manufacturing of milk carton lining, shopping plastic bags, packaging plastics

					buckets, water pipes, squeezable bottles such as ketchup containers, etc. 

					For coating cables.

				

				
					polypropylene
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					- normally tough

					- normally flexible

					- good resistance to fatigue

					- melting point is in the range 130 to 171°C

					- below 0 °C becomes brittle

					- is resistant to fats and almost all organic solvents

				

				
					- in the manufacturing of piping systems.

					- in many plastic items for medical or laboratory. 

					- base layers for sports clothes.

					- in the automotive industry (bumpers, etc)

					- for the production of luggage

				

				
					polystyrene
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					- floats in water

					- highly elastic when heated (can be molded)

					- rigid and transparent at normal temperatures

					- highly flammable

				

				
					- making plastic cutlery, containers, plastic bowls and etc.

					- for lining refrigerators, food packaging

					- as resins: for roofing, plumbing, and insulation in the building industry

					- as packaging to prevent breakage of electronics, glassware

				

				
					teflon
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					- a white solid at room temperature

					- has high strength, toughness

					- melting point 327°C

					- chemically inert

				

				
					- for wiring in aerospace

					- insulation properties in wires and system components

					- for the metal finishing, paints, coating (protective industrial surfaces)

					- as lubricant material

					- as a non-stick coating on pans and etc.

					- in windshield wiper blades

					- in hair styling tools

				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Chemfact
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				Polyvinyl chloride was used to produce vinyl records.
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				Plastic bottle trash 

			

		

		
			
				As you could conclude, it crucial to find an eco-friendly solution for further use of polymers. One of the proposed ways of the modern solution is to develop a recycling process for polymers (illustrations on page 188-189). On a picture below there is a scheme of the polymer recycling process. 

			

		

		
			
				Recycling of polymers
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					Chemistry around us
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				Researchers have found a species of fungus, known as Aspergillus tubingensis, that is able to “eat away” of plastic.

			

		

		
			[image: ]
		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				* polyester is referred to as specific material, the most common type called polyethylene terephthalate (PET). 

				Solid phenol formaldehyde resins produced by acid-catalyzed polycondensation are called novolacs. While products of base-catalyzed polycondensation are resoled. 
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					Activity

				

			

		

		
			
				You need to analyze the impact on the environment of industrial preparation and uses of plastics. Working in groups will ease your work. You can use the following questions for analysis or you can come up with your own. 

				1. Which plastics do you know?

				2. Can you describe the preparation process for every plastic that you mentioned?

				3. What kind of negative effect can the preparation process lead to?

				4. Can you describe the application areas for the mentioned plastics?

				5. How plastic pollution affect the environment?

				You can make a survey of plastic pollution awareness. The survey can help you to understand, how do people care about the ecological impact of plastic use. 

			

		

		
			
				
					polyvinyl chloride
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					- has two forms: rigid and flexible

					- has high hardness and mechanical properties

					- heat stability is poor

					- max. operating temperature around 60°C

					- has good insulation properties

					- resistant to the corrosive effects of sewage

				

				
					- for production of pipes

					- as window frames

					- as a coating material for wire rope

					- making of musical instrument

					- skiing equipment, raincoats, aprons and sports bags. 

					- for production of single-use medical devices

				

				
					poly(methyl methacrylate)
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					- strong, tough, and lightweight material

					- has poor resistance to many chemicals

					- has low impact strength and fatigue resistance

					- has a good degree of compatibility with human tissue

				

				
					- as transparent glass substitute (commercial aquariums, exterior lights of automobiles, etc)

					- manufacture of rigid intraocular lenses instead of the original lens in human eyes

					- as a bone cement

					- as a shield to stop beta radiation

				

				
					polyester
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					- a colourless, semi-crystalline resin

					- after processing, PET can be semi-rigid to rigid

					- very lightweight

				

				
					- as fibres for clothing - for production of plastic drinking bottles

					- in combination with glass fibre for engineering resins.

				

				
					Phenol formaldehyde resins
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					- high mechanical strength

					- corrosive resistant 

					- a good electrical insulator

				

				
					- as molded products: billiard balls, and laboratory countertops

					- as coatings and adhesives

					- binder component in press compositions (household laminates)
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					Chemfact
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					Chemfact
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				As polypropylene is resistant to fatigue, it is used in a production of the lid in a Tic Tacs box.

			

		

		
			
				Teflon is the only known surface to which a gecko cannot stick.
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				1. Why modern life is not possible without utilizing polymers?

				2. How to solve the ocean plastic problem? 

				3. Describe the "structure" of a ski suit. 

				4. What are the differences in the production process for a fleece jacket and plastic bottles?

			

		

		
			[image: ]
		

		
			
				Literacy
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				recycle - қайта өңдеу / перерабатывать;

				bucket - шелек / ведро;

				teflon - тефлон;

				fatigue - сыну / раскол.
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					Terminology
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				Questions and problems

			

		

		
			
				1. Define the following terms: monomer, polymer, homopolymer, copolymer.

				2. What is the degree polymerization of a polyvinyl chloride PVC polymer with a molecular weight of 125000 grams/mol? 

				3. Write polymerization reactions of vinyl chloride, ethylene.

				4. What polymer is formed when styrene is polymerized?

				5. If a molecule of tetrafluoroethylene consists of 66,000 monomers, what is the molar mass of the molecule?

				6. What are the differences between polymers with natural polymers?

				7. What monomer is used to form poly(vinyl acetate), a polymer used in paints and adhesives?

				 

				8. What is the difference between HDPE and LDPE?

				9. What polymer is formed when each compound is polymerized?

				10. Write a chemical equation for the formation of the polymer Orlon, formed by polymerization of the monomer CH2=CHCN (acrylonitrile).

				11. What are alkenes used to make the polymers in plastic items?

				12. Draw the condensed structural formula for the monomer used in the manufacturing 

				of HDPE.

				13. Calculate the molar mass of a particular polyethylene sample, (-CH2-CH2-)n, where n=5400.

				14. The polymer polymethyl methacrylate is used to make Plexiglas. It has the formula

				 

				Draw the structural formula of the starting monomer.

				15. Determine the mass of adipic acid and the mass of hexamethylenediamine needed to make 1.0×103 kg of nylon 66 (n=100) fiber.

				16. Why does kevlar form strong fibers?

				17. What are some applications of crystalline polymers such as LDPE and nylon?
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					ORGANIC SYNTHESIS

				

			

			
				
					7

				

			

			
				
					CHAPTER

				

			

		

		
			
				7.1 Functional groups of organic compounds

				7.2 Genetic relationship between organic compounds

				Questions and Problems
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				Organic synthesis is a special branch of chemical synthesis and is concerned with the construction of organic compounds via organic reactions.
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				Functional groups of organic compounds

			

		

		
			
				7.1

			

		

		
			
				A qualitative reaction is a reaction resulting in a change in colour, precipitation or gas evolution (Table 6.1). 

			

		

		
			
				C=C double bonds react with organic molecules just as functional groups. In order to identify double bonds in organic compounds aqueous solutions of KMnO4 and Br2 are used.

			

		

		
			
				Molecules that contain hydroxyl groups are often soluble in water. Qualitative analysis of these compounds is made by heating with CuO. 

			

		

		
			
				The reaction of polyhydric alcohols with freshly prepared copper (II) hydroxide, which results in the dissolution of the precipitate and staining of the solution in a bright blue colour.

			

		

		
			
				Oxidation of monohydric alcohols with a chromic mixture leads to a change in colour from orange to green.

			

		

		
			
				Discolouration of an aqueous solution of bromine:

			

		

		
			
				Discolouration of an aqueous solution of potassium permanganate with the appearance of a brown precipitate of manganese dioxide.

			

		

		
			
				3H2C=CH2(g) + 2KMnO4(aq) + 4H2O(l) → 3(HO)H2C=CH2(OH)(aq) + 2KOH(aq) + 2MnO2(s)

			

		

		
			
				C2H5OH + CuO → CH3COOH + Cu + H2O

			

		

		
			
				3C2H5OH + K2Cr2O7 + 4H2SO4 → 3CH3CHO + Cr2(SO4)3 + K2SO4 +7H2O

			

		

		
			
				When formalin and concentrated sulfuric acid are added to the aromatic hydrocarbon, a red precipitate is produced.

			

		

		
			
				Homologs of benzene are oxidized with an acidified solution of potassium permanganate when heated, while the purple colour of permanganate disappears (the solution becomes colourless).

			

		

		
			
				Aldehydes react with precipitated copper (II) hydroxide when heated to form a red precipitate of copper (I) oxide.

			

		

		
			
				R-CH=O + 2 [Ag(NH3)2]OH → RCOONH4 + 2 Ag +3 NH3↑ + H2O

			

		

		
			
				The reaction of the “silver mirror” - the interaction of an aldehyde with an ammonia solution of silver oxide (I).

			

		

		
			
				H2C=CH2(g) + Br2(g) → H2BrC=CH2Br(g)

			

		

		
			
				Alkenes (olefins)

			

		

		
			
				Alcohols

			

		

		
			
				Arenes

			

		

		
			
				Reactions to the aldehyde group

			

		

		
			
				 

				- identify functional groups of the compounds by qualitative reactions;

				- identify the compounds by using chemical and physical experiments;
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				You will
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				How to determine the composition of oil?
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				Pinene has a smell evocative of pine forests
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					Keep in mind

				

			

		

		
			
				Always give the colour before and after the change when describing a test. 

			

		

		
			
				
					Compound

				

				
					Reactant

				

				
					Observation

				

				
					CH2=CH2 (Alkene)

				

				
					KMnO4 or Br2 solutions

				

				
					Discolouration the solution

				

				
					C2H5OH (Alcohol)

				

				
					CuO

				

				
					Reduction of CuO to Cu

				

				
					HCHO (Aldehyde)

				

				
					Cu(OH)2, to 

				

				
					Red precipitate Cu2O
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				Table 6.1

			

		

		
			
				Identifying the compounds by using chemical and physical experiments

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Career
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				Cosmetology specialists use chemical compounds to provide personal care services.
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				Table 6.2 

			

		

		
			
				Summary of some functional groups and classes of organic compounds

			

		

		
			
				
					Ag2O in NH3 solution

				

				
					 (silver mirror)

				

				
					CH3COOH (Carboxylic acid)

				

				
					Litmus paper

				

				
					Red colour

				

				
					FeCl3 solution

				

				
					Red colour

				

				
					Na2CO3 solution

				

				
					CO2 gas realizing

				

				
					C6H12O6 (glucose)

				

				
					Cu(OH)2

				

				
					Blue colour solution

				

				
					Cu(OH)2, to

				

				
					Cu2O red colour precipitate

				

				
					Ag2O in NH3 solution

				

				
					Reduction of Ag2O to Ag

				

				
					(C6H12O5)n (starch)

				

				
					I2 solution

				

				
					Blue colour solution
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					Research time
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				Open in browser "sporcle.com", choose the quiz Can you name the functional groups? Play the game.

			

		

		
			
				Functional groups are important in chemistry because they are the portion of a molecule that is capable of characteristic reactions (Table 6.2). 
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					Keep in mind

				

			

		

		
			
				Amino group (R-NH2).

				The amino group is one of several nitrogen-containing functional groups found in organic molecules. We can detect amino acids using thin layer chromatography using ninhydrin reagent.

				Nitro group (R-NO2).

				Nitro compounds are organic compounds that contain one or more nitro functional groups. For the detection and identification of nitro compounds reduction (catalytic, Me+HCl) is used.

				Sulfo group R-SO3H.

				Sulfo compounds are commonly used as an anionic surfactant in liquid soaps and detergents used to clean wool, as surface cleaners, and as active ingredients in laundry detergents, shampoos, and conditioners.

				Halogen groups -F, -Cl, -Br, -I.

				Organic halogen compounds are a large class of natural and synthetic chemicals that contain one or more halogens (fluorine, chlorine, bromine, or iodine). 
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				qualitative - сапалық / качественный;

				discolouration - түссіздену / обесцвечивание;

				evocative - еске түсіретін / вызывающий воспоминания;

				disappear - жоғалып кету / исчезнуть;

				thin layer - жұқа қабатты / тонко слойный;

				cosmetology - косметология.
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					Terminology
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				1. Find unknown chemical compounds:

				CH4 → (1500oC) → A

				A + H2O (HgSO4) → B

				B + [Ag(NH3)2] → C

				C + C2H5OH (H2SO4) → D

				D + NaOH → E + F 
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				Literacy
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				Genetic relationship between organic compounds

			

		

		
			
				7.2

			

		

		
			
				 

				- describe the genetic relationship of the main classes of organic compounds;

				- conduct the simplest organic synthesis and evaluate the product yield;

				- create and solve problems on the chain of transformations based on the genetic relationship of organic substances.

				- solve experimental problems on identifying substances by their physical and chemical properties.
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				You will

			

		

		
			[image: ]
		

		
			
				 

				How to prepare acetic acid from ethyl alcohol? 
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				Table 6.3 

			

		

		
			
				Genetic relationship of organic compounds 
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				Example 1
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				Find unknown chemical compounds:

				a) 

				 

				b) 

				 

				Solution

				a) 

				CH4 + Cl2 → CH3Cl + HCl

				2CH3Cl + 2Na → CH3-CH3 + 2NaCl

				CH3-CH3 + Cl2 → CH3CH2Cl + HCl

				CH3CH2Cl + NaOH(alcohol)→ CH2=CH2 + NaCl + H2O 

				CH2=CH2 + HCl → CH3-CH2-Cl

				CH3-CH2-Cl + Cl2 → CH3-CHCl2 + HCl

				Answer

				A-CH3Cl; B-C2H6; C-C2H5Cl; D-C2H4; E-C2H5Cl; F-CH3CHCl2
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				This graphic looks at simple interconversions between common organic compounds in organic chemistry (Table 6.3). 
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					Career
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				Organic chemists use chemistry to characterize, synthesize and find applications for organic compounds.
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				Find unknown chemical compounds:

				Solution

				CH3-CH3 + Br2 → CH3-CH2-Br + HBr

				2CH3-CH2-Br + 2Na → CH3-CH2-CH2-CH3 + 2NaBr

				CH3-CH2-CH2-CH3 + Br2 → CH3-CHBr-CH2-CH3 + HBr

				CH3CH(Br)CH2CH3 + H2O → CH3CH(OH)CH2CH3 + HBr

				2 CH3CH(OH)CH2CH3 + 2Na → CH3CH(ONa)CH2CH3 + H2↑

				CH3CH(OH)CH2CH3 + CuO (toC) → CH3C(O)CH2CH3 + Cu + H2O

				Answer

				A - C2H5Br B - C - 2-bromobutane 

				D - butanol-2 E - F - butanone-2
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				Open in browser "rxn.res.ibm.com". Enter the chemical compounds in Example 1-2. And predict the products in chemical reactions. Compare your answers. 
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				Identifying substances by their physical and chemical properties.

				Given 9 unknown colourless organic substances in the test tubes: 

				ethanol, 

				acetic acid, 

				formic acid, 

				hexane, 

				acetaldehyde, 

				isobutyl alcohol, 

				benzene, 

				toluene, 

				glycine. 

				Choose the experimental methods to determine the substances. 

				- What type of chemical reactions do we use for the analysis of unknown chemical substances? 

				- Why are organic compounds different? 
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						Practice work №3

					

				

				
					[image: ]
				

			

		

		
			[image: ]
		

		
			
				genetic relationship - генетикалық байланыс / генетическая связь;

				interconversion - өзара түрлену / взаимопревращение.
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				Solving experimental problems
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				Questions and problems

			

		

		
			
				
					1. Circle and name the functional groups in each of the following molecules. Name the organic compounds:

					2. Determine the functional groups in the ephedrine molecule: 

					3. Determine the functional groups in the NAAG molecule:

					4. Find unknown chemical compounds:
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				8.1 Properties of group 14 elements 

				8.2 Chemical properties of group 14 elements and their compounds

				8.3 Group 14 oxides and their properties
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				Tin soldiers are miniature figures of toy soldiers that are very popular in the world of collecting. 
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				Properties of group 14 elements

			

		

		
			
				8.1

			

		

		
			
				In this unit, you will explore the trend from non-metallic to metallic properties as you descend the group. The most common allotropes of carbon are diamond and graphite. They both exist as covalent solids, so they have giant covalent structures. Exactly the same structure is found in silicon and germanium, as well as in one of the allotropes of tin - "grey tin" or "alpha-tin". However, the common allotrope of tin ("white tin" or "beta-tin") and lead are metallic, therefore their atoms are held together by metallic bonds.

			

		

		
			
				After analyzing the table above, you will notice a clear trend in the group form the typical covalency in nonmetals to metallic bonding in tin and lead. The melting point decreases from carbon to germanium while tin's value is lower than that of lead due to the metallic character of those elements. Some chemical properties of the group 14 elements are shown in the table above (Table 7.1). 

			

		

		
			
				The oxidation state of group 14 elements is +4, but the stability of the +2 oxidation state increases as the group is descended. For instance, Pb(II) is more stable than Pb(IV).

				Some chemical properties of the group 14 elements are shown in the table below (Table 7.2):

			

		

		
			
				 

				- explain the chemical and physical properties of group 14 elements.
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				You will
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				Table 7.1

			

		

		
			
				Atomic and physical properties of Group 14 elements

			

		

		
			
				
					Element

				

				
					C

				

				
					Si

				

				
					Ge

				

				
					Sn

				

				
					Pb

				

				
					Atomic number

				

				
					6

				

				
					14

				

				
					32

				

				
					50

				

				
					82

				

				
					Atomic mass

				

				
					12.01	

				

				
					28.09

				

				
					72.60

				

				
					118.71

				

				
					207.2

				

				
					Electron configuration

				

				
					[He]2s22p2

				

				
					[Ne]3s23p2

				

				
					[Ar]3d104s24p2

				

				
					[Kr]4d105s25p2

				

				
					[Xe]4f145

					d106s26p2

				

				
					Atomic radius, pm

				

				
					77

				

				
					118

				

				
					122

				

				
					140

				

				
					146

				

				
					First ionization enthalpy, kJ/mol

				

				
					1086

				

				
					786

				

				
					761

				

				
					708

				

				
					715

				

				
					Electronegativity

				

				
					2.5	

				

				
					1.8

				

				
					1.8

				

				
					1.8

				

				
					1.9

				

				
					Density, g/cm3

				

				
					3.51

				

				
					2.34

				

				
					5.32

				

				
					7.26

				

				
					11.34

				

				
					Melting point, oC

				

				
					> 3823

				

				
					1420

				

				
					945

				

				
					323

				

				
					327

				

				
					Boiling point, oC

				

				
					5100

				

				
					3280

				

				
					2850

				

				
					2623

				

				
					1751

				

				
					Colour

				

				
					graphite

					 -black,

					diamond

					- transparent

				

				
					silvery

				

				
					gray-white

				

				
					silvery-white

				

				
					silvery with a hint of blue

				

			

		

		
			
				Chemical properties
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					Chemistry around us
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				Shungite stones, a rock with an extremely high carbon content is used to purify water (in alternative medicine and healing) 
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				Can semiconductors be made of elements other than the ones in group 14?
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				Atomic and ionic radii of group 14 elements
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				1. Rank the following in order of increasing melting point: C, Si, Ge, Sn, Pb.

				2. Write chemical reactions of Pb with phosphorus, chlorine and oxygen.

				3. State two physical similarities between Sn and Pb. 

				4. A lead bar with a mass of 300 g is heated from 22°C to 85°C. How much heat does the lead bar absorb? (c(Pb) = 0.128 J/(g•°C)).

				5. How many grams of silicon is needed to completely react with 62 g (60 %) of sodium hydroxide NaOH solution to form sodium silicate Na2SiO3 and hydrogen gas H2?

			

		

		
			[image: ]
		

		
			
				Literacy
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				Table 7.2

			

		

		
			
				Products of chemical reactions of group 14 elements with various reactants

			

		

		
			
				
					Reactants

				

				
					O2

				

				
					H2O

				

				
					Halogens

				

				
					Acids (H2SO4, HNO3)

				

				
					Base (NaOH solution)

				

				
					C

				

				
					CO, CO2↑

				

				
					CO↑ + H2↑

				

				
					CX4

				

				
					CO2↑ + SO2↑ + H2O

					CO2↑ + NO2↑ + H2O

				

				
					-

				

				
					Si

				

				
					SiO2 (at high to)

				

				
					SiO2+2H2↑ (at high to)

				

				
					SiX4

				

				
					-

				

				
					Na4SiO4 + H2↑

				

				
					Ge

				

				
					GeO2

				

				
					-

				

				
					GeX4

					(at high to)

				

				
					Ge(SO4)2 + SO2↑+ H2O

					GeO2 + NO2↑ + H2O

				

				
					Na2GeO3+H2O

					Na2[Ge(OH)6]

					(adding H2O2)

				

				
					Sn

				

				
					SnO2

				

				
					SnO2+ 2H2↑

				

				
					SnX4

				

				
					SnSO4 + SO2↑ + H2O

					SnO2 + NO2↑ + H2O

				

				
					Na[Sn(OH)3] + H2↑

					Na2[Sn(OH)6] + H2↑

				

				
					Pb

				

				
					PbO (Pb3O4)

				

				
					-

				

				
					PbX2

				

				
					PbSO4 + SO2↑ + H2O

					Pb(NO3)2 + NO↑ + H2O

				

				
					Na[Pb(OH)3] + H2↑
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					Activity

				

			

		

		
			
				Write a report which will include the change in melting and boiling points of the group 14 elements. Use the following bar chart.
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						Chemfact
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					The boiler scale builds up in a lead water pipe. If hard water passes through water pipes, the inside of the pipe is covered with CaCO3, CaSO4 and MgCO3. Lead cannot be used in water pipes, because it is poisonous. 
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				 Set of lead weights

			

		

		
			
				 Silicon-germanium alloys are rapidly becoming an important semiconductor material for high-speed integrated circuits
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				- All members form oxides when heated in oxygen (EO, EO2).

				- Carbon, silicon, germanium do not react with water. Tin reacts with water steam to give SnO2.

				- Silicon is much more reactive than carbon. Si reacts with O2, C, S, N2, F2, Cl2 at high temperature. Silicon is unreactive towards acids but dissolves in hot alkali solution.

				- Germanium is more reactive and more electropositive than Si. It reacts with concentrated HNO3 and H2SO4. Germanium is oxidized to GeO2 in the air (high temperature).
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				semiconductor - жартылайөткізгіш / полупроводник; 

				electropositive - электроң / электроположительный 
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					Terminology
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				Chemical properties of group 14 elements and their compounds

			

		

		
			
				8.2

			

		

		
			
				 In this unit, some compounds of the group 14 elements and their properties are described. 

			

		

		
			
				The following example show how to solve the mixture problems.

			

		

		
			
				Parallel reaction problem

			

		

		
			
				Hydrides of the group 14 elements burn in air to form oxides: 

				CH4(g) + 2O2(g) → CO2(g) + 2H2O(g) 

				SiH4(g) + O2(g) → SiO2(g) + H2O(g)  

			

		

		
			
				Halides are produced by direct reaction with halogens. When they (except Sn, Pb) are reacted with H2O, they give an oxide and hydrogen halide.

				SiCl4(g)  + 2H2O(l) → SiO2(s) + 4HCl(g)  

			

		

		
			
				Generally the group 14 metals found as minerals in the Earth’s crust. The most important sulfide minerals are: SnS, PbS, PbSnS2. 

				2PbS(s) + 3O2(g) → 2PbO(s) + 2SO2(g)  

				SnS(s) + 2O2(g)  → SnO2(s) + SO2(g) 

			

		

		
			
				When carbon or silicon is heated with many elements (especially metals), carbides and silicides are formed. Silicides are hard materials, but their melting points are generally lower than those of the metal carbides.

				CaC2(s) + 2H2O(l) → C2H2(g)  + Ca(OH)2(aq)

				Mg2Si(s) + 4H2O(l) → 2Mg(OH)2(s) + SiH4(g)

			

		

		
			
				 

				- write chemical reactions which characterize group 14 elements and their compounds;

				- solve problems according to the equations of parallel reactions.
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				You will
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				Hydrides

			

		

		
			
				Halides

			

		

		
			
				Carbides and silicides

			

		

		
			
				Sulfides
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				Example 
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				32.6 g of lead-tin alloy reacts with fluorine gas to produce 47.8 g of metal fluorides. Calculate the mass percentage of Pb metal in the alloy.

			

		

		
			
				Solution

			

		

		
			
				 1. Write the balanced chemical equations 

				Pb(s) + 2F2(g) → PbF4(s)

				Sn(s) + 2F2(g) → SnF4(s)

				2. Given mass of alloy: 

				32.6 g = mass (Pb) + mass (Sn). 

				32.6 g = (mol of Pb х Ar(Pb)) + (mol of Sn х Ar(Sn))

				3. We do not know the amount of each metal:

				Mol of Pb = x, mol of Sn = y

				then, 32.6 g = 207x + 119y

				4. Total mass of fluorides:

				47.8 g = m (PbF4) + m (SnF4)

				47.8 g = (mol of PbF4 х Mr(PbF4)) + (mol of SnF4 х Mr(SnF4))

				5. Amount of each fluorides: 

				n(PbF4) = n(Pb) = x mol, n(SnF4) = n(Sn) = y mol 

				then, 47.8 g = 283x + 195y

			

		

		
			
				 Burning coal emits large amounts of carbon dioxide into the atmosphere.

			

		

		
			
				 Melting point of lead is 327oC

			

		

		
			
				 

				How to separate metals from the ores?
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					Research time
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				Open in browser "ptable.com". Choose the group 14 elements. Compare the physical properties of elements. 
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					Research time
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				Open in browser "thoisoi.ru". Choose group 14 (Ge, Sn, Pb) elements. Watch the movies. Share with your classmates. 
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				"tin pest" - "оловянная чума" / "қалайы обасы";

				silicides - силицидтер / силициды.
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					Terminology
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					Chemfact
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				In 1910, captain R. Scott, a polar explorer from England, organized an expedition to the South Pole. The expedition took many months. On the way, they left small warehouses with food and kerosene. By the beginning of 1912, the expedition reached the pole. On the way back in the first warehouse, Scott's team found that the containers made from tin, filled with the kerosene were empty. Because at lower temperatures, white tin is slowly converted to grey tin which is more brittle compared to the first one. This transformation is called "tin pest". Unfortunately, all members of the expedition died due to the extreme cold and hunger. 

			

		

		
			
				Activity of metals

				Introduction

				Certain metals can displace other metals in water solutions of their salts. Metals can be arranged in a series such that any metal higher up in the series will displace any metal below it (from its salts ). The greater the gap separating the metals in the series, the more readily does displacement take place. The series gives us a good estimate of the chemical activity of the metal itself. 

				Materials: zinc, copper plates, iron nail, lead wire, copper (II) sulfate, lead (II) nitrate, tin (II) nitrate, silver nitrate solutions, 4 test tubes, test tube rack. 

				Procedure:

				1. Place 4 test tubes in the test tube rack and number them from 1 to 4.

				2. Clean the surface of the iron nail, zinc plate, lead and copper metals with emery paper to get a shiny surface.

				3. Fill the ¼ of the 

				- test tube-1 with copper sulfate 

				- test tube-2 with lead (II) nitrate

				- test tube-3 with tin (II) nitrate

				- test tube-4 with silver nitrate

				4. Put a clean iron nail into each solution in the test tubes.

				5. Wait for about 1 minute and observe the solutions for changes. Record your observations in the table. 

				6. Repeat the steps from 1 to 3 for the other metals.

				Observation and questions:

				1. Note your observations.

				
					CuSO4

				

				
					Pb(NO3)2

				

				
					Sn(NO3)2

				

				
					 AgNO3

				

				
					Zn

				

				
					Cu

				

				
					Fe

				

				
					Pb

				

				2. Write a reaction equation for each process that had taken place in the experiment.

				3. Why do we need to clean metals before the experiment?

				Safety: Do not swallow salts and their solutions. Because they are hazardous for health. Wear protective gloves. Wash hands thoroughly at the end of the experiment.
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					Lab work №10
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				Chemical properties of lead, tin and their compounds
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				1. Lead has two oxides: PbO and PbO2. Which of them is more abundant in nature?

				2. Complete and balance the followings:

				- MgC2 + H2O → 

				- SiBr4 + H2O →

				- Pb(NO3)2 + KI →

				- Pb + NaOH + H2O →

				3. Calculate the oxidation number of Pb in Pb3O4.

				4. 44.5 g of lead-tin alloy reacts with sulfur to produce 60.5 g of sulfides (PbS, SnS2). Calculate the mass percentage of Pb metal in the alloy.
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				Literacy
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				6. 32.6 = 207x + 119y 

				 47.8 = 283x + 195y x = 0.1 mol, y = 0.1 mol 

				7. m(Pb) = 207 х 0.1 = 20.7 g

				m(Sn) = 119 х 0.1 = 11.9 g

				8. Mass percentage of lead in the alloy:

				 (Pb) = (20.7 / 32.6) х 100% = 63.5% 
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				Group 14 oxides and their properties	

			

		

		
			
				8.3

			

		

		
			
				Unlike the later elements in group 14, carbon forms stable, volatile monomeric oxides: carbon monoxide (CO) and carbon dioxide (CO2). Carbon monoxide is found in the atmosphere in trace amounts. It is colourless, odourless and poisonous gas that is lighter than air. Carbon monoxide does not exhibit acidic nor basic character. 

			

		

		
			
				 

				- explain the properties of oxides of group 14 elements;

				- predict relative stability of compounds of group 14 in aqueous solutions.

			

		

		
			[image: ]
		

		
			
				You will
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				2CO(g) + O2(g) → 2CO2(g) + 566 kJ 

			

		

		
			
				CO(g) + ZnO(s) → heat → CO2(g) + Zn(s)

			

		

		
			
				CO2(g) + 2NaOH(aq) → Na2CO3(aq) + H2O(l)

			

		

		
			
				
					CO2(g) + 2Mg(s) → 2MgO(s) + C(s)

				

			

			
				
					1200oC

				

			

		

		
			
				4HF(g) + SiO2(s) → 2H2O(l) + SiF4(g)

			

		

		
			
				SiO2(s) + 2Mg(s) → Si(s) + 2MgO(s)

			

		

		
			
				SiO2(s) + 2C(s) → Si(s) + 2CO(g)

			

		

		
			
				GeO2(s) + H2O(l)  H2GeO3(aq)

				
					[image: ]
				

			

		

		
			
				GeO2(s) + 4HCl(conc) → GeCl4(l) + 2H2O(l)

			

		

		
			
				SnO(s) + 3HCl(conc) → H[SnCl3](aq) + H2O(l) 

			

		

		
			
				SnO2(s) + 6HCl(conc) → H2[SnCl6](aq) + 2H2O(l) 

			

		

		
			
				SnO(s) + NaOH(aq) + H2O(l)  Na[Sn(OH)3](aq)
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				SnO2(s) + 2NaOH(aq) + 2H2O(l)  Na2[Sn(OH)6](aq) 
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				GeO2(s) + 2NaOH(aq) → Na2GeO3 + H2O(l) 

			

		

		
			
				Carbon monoxide is a strong reducing agent at high temperature.

			

		

		
			
				Carbon dioxide is found in the atmosphere at around 0.04% by volume. It is a colourless, odourless and non-poisonous gas. Carbon dioxide is an acidic oxide.

			

		

		
			
				At high temperatures, CO2 behaves like an oxidizing agent.

			

		

		
			
				One of the most important compounds of silicon is silica (SiO2). Silicon dioxide is the only stable oxide of silicon. SiO2 is a very hard substance. It melts at 1600oC. SiO2 does not dissolve in water or acids, except hydrofluoric acid, HF.

			

		

		
			
				SiO2 is a stable compound and is very difficult to reduce. Strong reducing agents, such as magnesium and carbon reduce SiO2 to elemental silicon.

			

		

		
			
				Germanium(IV) oxide (GeO2) is white-coloured amphoteric oxide; it slowly reacts with water.

			

		

		
			
				GeO2 reacts with acids, bases and basic oxides.

			

		

		
			
				Tin (II) oxide (SnO) is a dark-blue coloured powder. It does not react with water. SnO is soluble in acid and bases. Tin (IV) oxide SnO2 is white-coloured amphoteric oxide. It reacts with concentrated acidic and basic solutions.

			

		

		
			
				The chemical formula for quartz is SiO2

			

		

		
			
				Germanium (IV) oxide powder

			

		

		
			
				Tin (IV) oxide powder
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				Why are lead and tin ores found in nature in the form of sulfides and carbonates?
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					Research time
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				Open in browser "periodicvideos.com". Choose the group 14 elements. Watch the movies. Share with your classmates. 
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				amphoteric - екідайлы / амфотерный;

				behave - көрсетеді / вести себя;

				glue - желім / клей.
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					Terminology
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				PbO(s) + 2HCl(dil.) → PbCl2(s) + H2O(g)

			

		

		
			
				PbO2(s) + 4HCl(conc.) → PbCl2(s) + Cl2(g) + 2H2O(l)

			

		

		
			
				PbO(s) + 2NaOH(aq) → Na2PbO2(aq) + H2O(l)

			

		

		
			
				PbO2(s) + 2NaOH(conc.) + 2H2O(l)→ Na2[Pb(OH)6](aq)

			

		

		
			
				CO2(g) + H2O(l)  H2CO3(aq)
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				Pb3O4 is a mixed oxide, also known as red lead Pb3O4 (2PbO×PbO2). It is used in the glass and dye industries. 

			

		

		
			
				Carbonic acid, H2CO3 is a compound of carbon, sometimes also referred to as an aqueous solution of carbon dioxide. It exists only in chemical equilibrium with carbon dioxide in an aqueous solution:

			

		

		
			
				The majority of the carbon dioxide is not converted into carbonic acid, remaining as CO2 molecules. However, in a closed system, using Le Chatelier’s principle we can shift the equilibrium in either direction. For instance, we can shift the equilibrium to increase the concentration of carbonic acid. Water and carbon dioxide are two extremely stable molecules. Their stability is what drives the equilibrium to the left and why carbonic acid appears to be relatively unstable.

			

		

		
			
				PbO2, a brown-coloured solid, is an amphoteric oxide with an oxidizing property.

			

		

		
			
				Lead has +2 and +4 oxidation states in its compounds. Oxides of lead (PbO, PbO2, Pb3O4) are commonly used compounds. Powdered PbO is used in glass and ceramics, medicines and in the preparation of glues. PbO is an amphoteric compound, so it reacts with both acids and bases but doesn’t react with water.
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				Carbon dioxide is the major/ product of combustion of fossil fuels

			

		

		
			
				Lead (II) oxide powder

			

		

		
			
				Lead (IV) oxide powder
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					Chemistry around us
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				Since ancient times, the glass was stained by adding metal compounds which usually were oxides. For example, modern production of yellow glass uses chromium (VI) oxide CrO3, for blue colour copper (II) oxide CuO, for green colour iron oxides FeO and Fe2O3, for olive-brown colour vanadium oxides V2O3 and V2O5, for purple and lilac colours nickel (II) oxide NiO and manganese (III) oxide Mn2O3. The colour of the glass depends not only on the type of oxide but also on its quantity. For example, cobalt (II) oxide in small quantities gives a blue colour, and in large amounts produces a violet-blue colour.
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				1. Predict the products of the given reactions:

				- PbO + HCl(dil.) → 

				- SnO2 + C →

				- H2O + CO2 + Na2CO3 → 

				- PbO + CO → 

				2. Write the colours of the given compounds:

				SnO, SnO2, PbO, CO, GeO2, CO2

				3. Why are metal oxides added to silicon dioxide when making glass?

				4. Perform the following conversions:

				C → CO → CO2 → NaHCO3 → Na2CO3 → CaCO3 → CO2 

				5. Predict the stability of orthosilicic acid (H4SiO4) in aqueous solution. 
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				Literacy
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				Relative stability of carbonic acid
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					Chemfact
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				It was long believed that carbonic acid could not exist as a pure compound. However, in 1991 it was reported that NASA scientists had succeeded in making solid carbonic acid (H2CO3) samples.
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				Can we use electrolysis to extract lead from lead sulfide (PbS)?
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				Occurrence, preparation and uses of group 14 elements

			

		

		
			
				8.4

			

		

		
			
				Carbon makes up only 0.91 % of the Earth’s crust. Free carbon is found in nature as diamond and graphite. It is also found in natural gas and petroleum as its compounds, in the atmosphere as carbon dioxide (CO2), and in the Earth’s crust as its carbonates.

				Silicon is not found in elemental form in nature. It is found in compounds such as silica (SiO2) and silicates, which form 95 % of the rocks in the Earth. Industrially, silicon is obtained by heating silica (impure sand) with coke at 30000C in electric furnaces.

			

		

		
			
				Germanium minerals are extremely rare. Ge occurs in some zinc and silver ores. 

			

		

		
			
				Lead is found in trace amounts in the Earth’s crust (0.001 %) as its minerals, such as galena (PbS), cerussite (PbCO3) and anglesite (PbSO4).

				The most commonly used source of lead is heavy black galena (PbS). In the preparation of lead, powdered galena is roasted in a blast furnace by the “partial oxidation” method. 

			

		

		
			
				Tin occurs mainly as cassiterite, SnO2 (only important source). 

			

		

		
			
				Kazakhstan's tin reserves are located in the North Kazakhstan region (Syrymbet). 

			

		

		
			
				If necessary, this molten lead can be purified by electrolysis.

			

		

		
			
				 

				- describe the preparation of elements and compounds of group 14;

				- analyze the information about the abundance and uses of group 14 elements.
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				You will

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				
					SiO2(s) + 2C(s) → Si(s) + 2CO(g)

				

			

			
				
					heat

				

			

		

		
			
				Quartzite is used to produce silicon and silicon carbide

			

		

		
			
				Pure germanium (99.98 %)

			

		

		
			
				A significant amount of germanium is contained sphalerite mineral
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					Keep in mind

				

			

		

		
			
				 The chemical symbols for the elements come from their Latin names stannum Sn and plumbum Pb. 

			

		

		
			
				Occurrence, preparation of elements
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				Syrymbet 

			

		

		
			
				
					SnO2(s) + 2C(s) → Sn(s) + 2CO(g)

				

			

			
				
					heat

				

			

		

		
			
				2PbS(s) + 3O2(g) → 2PbO(s) + 2SO2(g)

				PbS(s) + 2PbO(s) → 3Pb(l) + SO2(g)

			

		

		
			
				heat
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					Career
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				Geologists use physical and inorganic chemistry to investigate the distribution of chemical elements in minerals.
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				Cassiterite SnO2 (tin ore)

			

		

		
			
				Galena PbS is the primary ore mineral of lead
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				Uses of carbon mainly based on the application of diamond, graphite, activated charcoal, and coal. 

				Production of steel, electronic devices, and semiconductors consume silicon in large amounts. Silica (SiO2) is the main component of glass and sand, so it is consumed worldwide in large quantities by the constructions. Silica gel is used as a drying agent and a stationary phase in chromatography.

				Ultrapure form of germanium used as a semiconductor material, but its application gradually becoming fewer as new and more efficient semiconducting materials are developed. Moreover, germanium also used in optical devices due to the optical properties of GeO2.

				Tin-plating of steel cans improves corrosion resistance and is a major use of tin. The metal is, however, soft and tin alloys such as pewter, soldering metal, bronze, and die-casting alloy have greater commercial value than pure tin.

			

		

		
			
				Lead found its application in many different spheres: dye industry, as automatic fire extinguishers, as a protective property against radiation, it is used in batteries and in covering underwater cable. Moreover, lead alloys solder give the ability to your computer to send electronic data and even many of the glass colours themselves are produced with lead.

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Chemfact
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				Silicic acid is used by organisms such as diatoms and radiolaria to build up complicated exoskeletons. 
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				1. Where is a lead and tin ores found in Kazakhstan?

				2. CO is a strong reducing agent and can reduce most metals from their ores to the metal itself. Write balanced equations for the reduction of Pb3O4 to Pb, and SnO2 to Sn, using CO. 

				3. The composition of unknown oxide is 78.8% Sn, 21.2% O by mass and its molecular weight is 151 g/mol. What is its molecular formula? 

				4. How many grams of lead (II) nitrate is obtained as a result of reacting 9 g lead with nitric acid? 

				5. Give reasons:

				- Silicon is not found in elemental form in nature.

				- SiO2 is solid while CO2 is gas.

				- Lead reacts with concentrated NaOH solution to produce hydrogen gas and sodium trihydroxoplumbate(II).
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				Literacy
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				Uses
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					Activity

				

			

		

		
			
				Write a description of the lead, tin and silicon industry in Kazakhstan. Use the internet to help you. Include the following information:

				- the factories;

				- which minerals are used

				deposit locations;

				- production processes.
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					Research time
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				Open in browser "periodictable.com". Choose the group 14 elements. Download the pictures of element minerals. Make a presentation. 
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				extract - бөліп алу / извлечь;

				furnace - пеш / печь;

				geologist - геолог;

				galena - галена;

				silica - кремнезем.
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					Terminology
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				Self test

			

		

		
			
				Self test
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				1. A lead bar with a mass of 255 g is heated from 25°C to 122°C. How much heat does the lead bar absorb? (c(Pb) = 0.128 J/(g×°C)).

				2. A certain mass of water was heated with 41223 J, raising its temperature from

				23°C to 32°C. Find the mass of the water, in grams. The specific heat capacity of water c=4.184 J/(g×°C). 

			

		

		
			
				1. How many grams of Si is needed to completely react with 500 g (40 %) of KOH solution to form sodium silicate K2SiO3 and hydrogen gas H2?

				2. How many grams of CO2 is needed to completely react with 200 g (12%) of Ca(OH)2 solution to form Ca(HCO3)2?

			

		

		
			
				Solving exercises

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Example 1

			

		

		
			
				Example 3

			

		

		
			
				Example 2
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				A lead bar with a mass of 300 g is heated from 22°C to 85°C. How much heat does the lead bar absorb? (c(Pb) = 0.128 J/(g×°C)).

				Solution:

				Q = m × c × ΔT 

				Q = (300 g) × (0.128 J/(g×°C)) × (85-22)°C = 2419.2 J ≈ 2.42 kJ

				Answer: 2.42 kJ

			

		

		
			
				Perform the following conversions:

				Si → Mg2Si → SiH4 → SiO2 → SiF4 → SiO2 → Si 

				Solution:

				Si + 2Mg → Mg2Si Mg2Si + 4H2O → 2Mg(OH)2 + SiH4↑ SiH4 + 2O2 → SiO2 + 2H2O

				SiO2 + 4HF → SiF4 + 2H2O SiF4 + 2H2O → SiO2 + 4HF↑ SiO2 + 2C → Si + 2CO↑

			

		

		
			
				How many grams of silicon is needed to completely react with 62 g (60 %) of sodium hydroxide NaOH solution to form sodium silicate Na2SiO3 and hydrogen gas H2?

				Solution:

				The balanced chemical equation is

				Si + 2NaOH + H2O = Na2SiO3 + 2H2↑

				which implies that

				1 mol Si ----- 2 mol NaOH

				Step 1 

				Convert the mass of NaOH into amount of NaOH molecules by using its molar mass (n=m/Mr):

				m(NaOH) = m(solution)×w/100% = 62 g × 60% / 100% = 37.2 g

				n(NaOH) =37.2 g / 40 g/mol = 0.93 mol

				Step 2 

				Use the mole ratio to convert from the amount of NaOH molecules to the amount of silicon. 

				1 mol Si ----- 2 mol NaOH

				x mol Si ----- 0.93 mol NaOH

				x = 0.93 × 1 / 2 = 0.465 mol Si

				Step 3

				Convert from amount of Si into mass of Si by using its atomic mass (m=nMr).

				m(Si) = n(Si) × Ar(Si) = 0.465 mol × 28 g/mol = 13.02 g

				Answer: 13.02 g Si

			

		

		
			
				Heat capacity 

			

		

		
			
				Chain reactions

			

		

		
			
				Reaction Stoichiometry
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				Self test
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				1. Perform the following conversions:

				Al4C3 → CH4→ CO2 → CaCO3 → Ca(HCO3)2 → CaCO3 → CO2

				CuO → CO → CO2 → (NH4)2CO3 → NH4HCO3 → CO2 →Na2CO3

			

		

		
			
				8.5
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				Self test

			

		

		
			
				Self test
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				1. 28.2 g of Sn-Pb mixture reacts with hot concentrated NaOH solution to produce 7.84 L of hydrogen gas. Calculate the mass percentage of Pb metal in the mixture.

				2. 118.5 g of Sn-Pb alloy reacts with hot concentrated sulfuric acid solution to produce 44.8 L of SO2 gas. Calculate the mass percentage of each metal in the alloy.

			

		

		
			
				1. Balance the followings:

				Sn + H2SO4 → SnSO4 + SO2↑ + H2O

				Sn + HNO3(conc) → SnO2 + NO2↑ + H2O

				Sn + NaOH (conc.) + H2O → Na[Sn(OH)3] + H2↑ 

				Sn + HNO3 (very dil.) → Sn(NO3)2 + NH4NO3 + H2O
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					Example 4
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					20 g of Sn-Pb mixture reacts with hot concentrated NaOH solution to produce 4.32 L of hydrogen gas. Calculate the mass percentage of Pb metal in the mixture.

					Solution:

					1. Write the balanced chemical equations 

					Pb + NaOH + 2H2O → Na[Pb(OH)3] + H2↑

					Sn + 2NaOH + 4H2O → Na2[Sn(OH)6] + 2H2↑

					2. Given mass of mixture: 

					32.6 g = mass (Pb) + mass (Sn). 

					32.6 g = (mol of Pb х Ar(Pb)) + (mol of Sn х Ar(Sn))

					3. We do not know the amount of each metal:

					Mol of Pb = x, mol of Sn = y

					then, 32.6 g = 207x + 119y

					Pb + NaOH + 2H2O → Na[Pb(OH)3] + H2↑

					Sn + 2NaOH + 4H2O → Na2[Sn(OH)6] + 2H2↑

					4. Total volume of hydrogen:

					4.32 L = V1(H2) + V2(H2) = x×22.4 + 2y×22.4

					5. Solving system of equations:

					32.6 = 207x + 119y

					4.32 = 22.4x + 44.8y

					x = 0.0579 mol, y = 0.0674 mol

					6. m(Pb) = 207 х 0.0579 = 11.98 g ≈ 12 g

					m(Sn) = 119 х 0.0674 = 8 g

					7. Mass percentage of lead in the mixture:

					 (Pb) = (12 / 20) × 100% = 60 % 

					Answer: 60% lead.
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					y

				

			

			
				
					2y

				

			

			
				
					x

				

			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				
					Example 3
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					Balance the chemical reaction: Sn(s) + HNO3(aq) → Sn(NO3)2(aq) + N2(g) + H2O(l)

					Solution:

					1) Assign oxidation states and determine element oxidized and element reduced:

					 Sn(s) + HNO3(aq) → Sn(NO3)2(aq) + N2(g) + H2O(l)

					2) Separate into oxidation and reduction half-reactions:

					Sn0 → Sn+2

					2N+5 → N20

					3) Balance the reaction:

					5Sn(s) + 12HNO3(aq) → 5Sn(NO3)2(aq) + 1N2(g) + 6H2O(l)

				

			

			
				
					Balancing redox reactions

				

			

			
				
					0

				

			

			
				
					+5

				

			

			
				
					+2

				

			

			
				
					0
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					-2e

				

			

			
				
					-10e

				

			

			
				
					10

				

			

			
				
					10/2 = 5

				

			

			
				
					10/10 = 1

				

			

		

		
			
				Parallel reaction problem
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				Questions and problems

			

		

		
			
				1. What are the oxidation numbers of lead in compounds?

				2. Write two preparation methods of lead.

				3. What are the most important ores of lead and tin?

				4. Why were tin and copper used by human beings long before iron? 

				5. In ancient times, why was bronze used for tools rather than pure tin? 

				6. Write condensed electron configurations for the following: Pb, Pb4+, Sn2+

				7. What is the highest oxidation state for each of the following: Pb, Sn.

				8. Rank the following elements in order of increasing atomic size: Ge, Sn, Pb.

				9. Rank the following in order of decreasing radius: Si4+, Ge4+, Sn4+

				10. Which member of each gives the more acidic solution in water: CO2, SiO2, GeO2, SnO2, PbO2? Write the equation for the dissolving of each oxide to support your answer. 

				11. Which member of each pair has a more covalent character in its bonds: 

				a) SiO2, GeO2; b) CO2, PbO2; c) SnO2, SiO2?

				12. Rank the following in order of increasing melting point: C, Si, Ge, Sn, Pb.

				13. Give explanations for the large drops in the melting point from C to Si and from Ge to Sn. 

				14. Why does silicon Si form 4 bonds instead of two? 

				15. The composition of unknown oxide is 90.67% Pb, 9.33% O by mass and its molecular weight is 685.6 g/mol. What is its molecular formula? 

			

		

		
			
				16. The compound contains 29.72% C, 6.19% H, and 64.09% Pb by mass. What is its molecular formula? 

				17. Give the name or formula of a group 14 element or compound that fits description or use:

				- greenhouse effect gas

				- the heaviest metal in the group

				- galena is an or of this metal

				- used for making bronze

				- used as a semiconductor in transistors 

				- has 3 isotopes, radioactive isotope of this element used to date archaeological, geological samples 

				- second most abundant element in the Earth’s crust

				- insoluble acid in a water

				18. Balance the following chemical reactions:

				Sn(s) + HNO3(aq) → Sn(NO3)2(aq) + N2(g) + H2O(l)

				Pb(s) + NaOH(conc) + H2O(l) → Na[Pb(OH)3](aq) + H2(g)

				SiC(s) + Mg(s) [heat] → Mg2Si(s) + MgC2(s)

				Ge(s) + HNO3(conc) → GeO2(s) + NO2(g) + H2O(l)	

				C(s) + H2SO4(conc) + K2Cr2O7(aq) → CO2(g) + Cr2(SO4)3(aq) + K2SO4(aq) + H2O(l)

				19. How many grams of tin (II) nitrate is obtained as a result of reacting to 6.3 g of tin with nitric acid? 

				20. If 67.2 L CO2 gas (at STP) is completely dissolved in 25% NaOH solution (1 kg), find the mass percentages of all species in the final solution.

				21. What mass of dilute nitric acid solution containing 16 % HNO3 will be needed to dissolve 76 g of lead?

				3Pb(s) + 8HNO3(aq) → 3Pb(NO3)2(aq) + 2NO(g) + 4H2O(l) 
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				Kawah Ijen Volcano on the island of Java has sulfur vents that burn with neon blue flames and the world's largest highly acidic lake.
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				Features of the structure and properties of the nitrogen molecule

			

		

		
			
				9.1

			

		

		
			
				Nitrogen in its molecular form hardly reacts because of strong triple covalent bonds between nitrogen atoms.

			

		

		
			
				In this unit, we discuss structure of N2 molecule, properties of ammonia and consider bond formation of ammonium ion. 

			

		

		
			
				As shown above the bonds between nitrogen atoms (:N  N:) are very strong. Therefore, nitrogen gas does not react with acids, bases, water or halogens in room condition.
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				You will
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				:N  N: + 707.7 kJ → 2N
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				Nitrogen (N2) molecule

			

		

		
			
				Liquid nitrogen

			

		

		
			
				Structure of nitrogen atom 

			

		

		
			
				Ammonium ion has three covalent bonds formed by the exchange mechanism and one by the donor-acceptor.

			

		

		
			
				Nitrogen is a component of proteins, nucleic acids and other organic compounds in our body

			

		

		
			
				The nitrogen atom has five valence (outermost) electrons, three unpaired of them combine with electrons of hydrogens to form bond pairs. So, this process leaves one lone pair of electrons. The lone electron pair of nitrogen in ammonia makes it a base, a proton acceptor.

				The protonation of ammonia forms a positively charged polyatomic ion, ammonium with the chemical formula NH4+. It is formed by the protonation of ammonia (NH3). The ammonium ion is a regular tetrahedral with nitrogen in the center and hydrogen atoms at the vertices of a tetrahedral.

			

		

		
			
				Ammonia is a colourless chemical compound with the formula NH3, a common cleaning ingredient, ammonia features a pungent odour. 

				Ammonia burns in air with difficulty:

			

		

		
			
				An aqueous solution of ammonia reacts with d-metal salts to form complexes:

			

		

		
			
				An aqueous solution of ammonia is weakly basic, it reacts with acids to form ammonium salts:
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				4NH3(g) + 3O2(g) → 2N2(g) + 6H2O(g)

			

		

		
			
				NH3×H2O(aq) + H2SO4(cold, conc.) → NH4HSO4(aq) + H2O(l)

			

		

		
			
				2NH3×H2O(conc) + AgNO3(aq) → [Ag(NH3)2]NO3(aq) + 2H2O(l)

				4NH3×H2O(conc) + CuSO4(aq) → [Cu(NH3)4]SO4(aq) + 4H2O(l)

			

		

		
			
				Ammonium ion

			

		

		
			
				Why is N2 chemically inert?

			

		

		
			
				Properties of ammonia
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				- explain why nitrogen is an inert molecule;

				- explain the mechanism of bond formation in ammonium ion;

				- write chemical reactions for ammonia and its aqueous solution.

			

		

		
			
				 

				Why nitrogen gas does not react with oxygen gas in the air?
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				ammonia - аммиак;

				nucleic acid - нуклеин қышқылы / нуклеиновая кислота;

				lone electron pair - жалғыз электрон жұбы / одинокая электронная пара;

				vertice - шың / вершина.
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					Terminology
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				Test for ammonium and sulfate ions
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						Lab work №11
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				Ammonia used as an essential ingredient for hair dyes

			

		

		
			
				Molecule of ammonia

			

		

		
			
				Ammonia is used as a refrigerant

			

		

		
			
				Ammonium nitrate fertilizer

			

		

		
			
				Ammonia gas reacts with active metals to form nitrides:

			

		

		
			
				Ammonia is a good reducing agent. It reduces some metal oxides to free metal under proper conditions.

			

		

		
			
				3Mg(s) + 2NH3(g) → Mg3N2(s) + 3H2(g)

			

		

		
			
				
					2NH3(g) + 3CuO(s) → 2Cu(s) + N2(g) + 3H2O(g)
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				Materials:

				ammonium chloride solution, sodium hydroxide, sodium sulfate, barium chloride, distilled water, litmus paper, burner, stands and clamps, spatula, test tubes

				Procedure 1 :

				1. Fill one of the test tubes about 2 cm high with an ammonium chloride solution, then clamp it. 

				2. Take a litmus paper and moisten it with distilled water. 

				3. Put 1 - 2 sodium hydroxide pellets into the ammonium chloride solution with a spatula.

				4. Heat the solution slowly with a burner. 

				5. During the heating hold dry red litmus paper over the opening end of the test tube.

				6. Hold the moist red litmus paper over the opening end of the test tube.

				7. Record your observations. 

				 Observation and questions:

				1. Why dry ammonia has no action on litmus but ammonia in water changes red litmus to blue?

				2. How to produce ammonia in industry? 

				Safety: Since sodium hydroxide is highly corrosive, do not touch, it bare fingers.

				Procedure 2:

				1. Pour a sodium sulfate solution into the first test tube.

				2. Add 10 ml of barium chloride solution to the 1st test tube.

				3. Record the result. 
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						Chemistry around us
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					In car airbags, the decomposition of sodium azide NaN3 is initiated by an electrical impulse.

					2NaN3 → 2Na + 3N2
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					Chemfact
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				Melting and boiling points of NH3 higher than the other hydrides of group 15 elements (PH3, AsH3, SbH3, BiH3) because of hydrogen bonding. 
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				1. Why ammonia NH3 has a higher boiling point than phosphine PH3?

				2. How is the ammonium ion formed?

				3. Why does not nitrogen gas react with compounds at STP?

				4. Complete and balance the following:

				- NH3 + CO2 + H2O → 

				- NH3 + H2S → 

				- NH3 + Al → 

				- NH4Cl + KOH → 
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				Literacy
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				900°C
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					Research time
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				Open in browser "compoundchem.com". Find an illustration of garbage. What gases are released by a pile of garbage?

				Why is ammonia release from garbage?
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				In this lab work, we will determine ammonium and sulfate ions in the solution. 
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				Industrial preparation of ammonia and nitrogen fertilizers

			

		

		
			
				9.2

			

		

		
			
				In order to produce ammonia, nitrogen and hydrogen gases are used. However, this reaction is almost impossible at STP. So, engineers apply Le Châtelier's principle to induce the production of NH3. The source of nitrogen is air. In this process, methane (CH4) and water steam are combined in a tube under high temperature and pressure with a nickel catalyst. The second part of the reaction is a water shift, CO + H2O ↔ CO2 + H2, and this reaction is exothermic. So the reaction is cooled to ensure a good yield. 

				The next stage is a Haber process (Look at the diagram). Nitrogen and hydrogen are heated and then are passed over four beds of catalyst. They are cooled between each pass to maintain a reasonable equilibrium constant.

				The process is typically conducted at 150–250 atm and 400–500°C. The yield of the initial process is about 15 %. If unreacted gases are recycled, the overall yield of 97 % can be achieved.

			

		

		
			
				The intensive growth of the world population delivers not only the demand for more places to live but also the problem of treating the available area more intensively. However, intensive farming depletes the soil. For this reason, we need to use fertilizers which will enrich the soil with vital minerals. This means that fertilizers need to be produced synthetically. 

				 The most common nitrogen fertilizers are ammonia, ammonium nitrate, and urea. Ammonia gas which is prepared by the Haber process and gaseous nitric acid are put together in a tank, in which neutralization reaction occurs at 100-180°C, producing ammonium nitrate. Nitric acid is produced as a result of the Ostwald process. 

				 Urea is another important nitrogen-based fertilizer. It is produced by the reaction of ammonia and carbon dioxide at high pressure. Ammonium sulfate, (NH4)2SO4 is now less commonly used fertilizer, but especially useful where both nitrogen and sulfur are required. The reaction of sulfuric acid and ammonia produces crystals of ammonium sulfate fertilizer (Look at the diagram below).

			

		

		
			
				 

				- explain scientific principles of ammonia's industrial synthesis (Haber process);

				- explain the preparation process of nitrogen fertilizers.
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				You will
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				The Haber process

			

		

		
			
				Production of nitrogen fertilizers

			

		

		
			
				Chemical plant for production of ammonia 

			

		

		
			
				Nitrogen chemical plant

			

		

		
			
				The Haber process diagram
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					Why are ash and manure used as a fertilizer?
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				Diammonium phosphate (DAP) fertilizers 

			

		

		
			
				Vertical farming
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					Activity

				

			

		

		
			
				Fountain demonstration

				Procedure:

				Fill a round bottom flask with ammonia

				Pour water in a basin and add a few drops of phenolphthalein 

				Insert a long tube into the flask through a rubber stopper

				Invert the flask and dip tube into the water in a beaker. 

				When ammonia dissolves in the water a vacuum is created, causing the water in the beaker to be drawn up. The pink colour appears in the flask because phenolphthalein turns pink in the basic ammonia solution.
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					Chemfact
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				Haber was the head chemist responsible for the research and production of chemical weapons in Nazi Germany. Haber and his colleagues invented gaseous chlorine-based weapons during World War I. It was used against the troops of the Entente countries at Ypres in Belgium, which led to the poisoning of 150,000 people. Being Jewish, Fritz Haber invented the gas that was used in a gas chamber for the mass killing of Jews.
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				Fritz Haber 
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				Literacy
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				1. What is fertilizer?

				2. Which fertilizer has the highest nitrogen content? NH4NO3 or (NH2)2CO ? 

				3. Predict the products of an aqueous reaction between lead (II) nitrate and potassium chloride, then balance the reaction. 

				4. Consider the following unbalanced reaction:

				NH3 + O2 → NO2 + H2O

				- How many grams of water can be produced from 8.5 g of ammonia?

				- Identify the limiting reagent if 20 g of ammonia is combined with 16 g of oxygen.
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				Inorganic fertilizer production process
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				The ammonia fountain is a classic demonstration used to observe the solubility of ammonia in water.
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					Research time
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				Open in browser Vertical farming. Research about Vertical farms. Answer the questions:

				- What is Vertical farming? How does it work?

				- What type of fertilizers used in vertical farms?

				- Why does LED lighting is used in vertical farms? 

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				fertilizer - тыңайтқыш / удобрение;

				manure - көң / навоз;

				vertical farming - вертикалды ферма / вертикальная ферма.
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					Terminology
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				Why are nitrates and nitrites commonly added to foods?
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				Ecological effects of nitrogen oxides and nitrates on the environment

			

		

		
			
				9.3

			

		

		
			
				Technogenic release of carbon, sulfur, and nitrogen oxides into the environment is mainly associated with the burning of fuel (coal, oil, gas). Technogenic sources make a significant contribution to the formation of the modern composition of the atmosphere.

				With regard to nitrogen oxides (mono- and dioxides), estimates of the contribution of various industries to air pollution are different. It is clear that most of the oxides are produced as a result of fuel combustion and emitted into the atmosphere. The second in terms of the effect on atmospheric pollution of nitrogen oxides is motor transport. The toxicity of nitrogen dioxide is higher than that of nitrogen monoxide.

				The ecological danger of local and regional pollution of the atmosphere by oxides of nitrogen is that they are able to dissolve in atmospheric precipitation. Furthermore, they produce nitric acids and spill onto the earth's surface in the form of acid rains.

			

		

		
			
				In this section, we consider the effects of nitrogen oxides and nitrates on the environment. 

			

		

		
			
				Nitrous oxide/Dinitrogen monoxide, which is formed mainly by natural means, is harmless to humans. It is a colourless gas with a weak odour and a sweetish taste. Inhalation of small amounts of N2O leads to a dulling of the pain sensitivity, as a result of which this gas is sometimes used in a mixture with oxygen for anesthesia. In small amounts, N2O causes a feeling of intoxication (hence the name "laughing gas"). The inhalation of pure N2O rapidly causes a narcotic state and suffocation.

			

		

		
			
				 

				- analyze the effect of nitrogen oxides on the atmosphere, nitrates on soil and water resources;

				- suggest ways of reducing the impacts of nitrogen compounds on the environment.
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				You will
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				Nitrogen oxide (NOx) pollution

			

		

		
			
				Adverse effects of nitrous oxide
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				Emission of nitrogen oxides into the atmosphere 

			

		

		
			
				Car exhaust
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					Research time
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				Open in browser Nitrogen in the soil. Research the biological role of nitrogen. Answer the questions:

				- Why nitrogen cycle is important?

				- What is the biological role of nitrogen-fixed microorganisms? 

				- Which plants are composed of high nitrogen? Why?
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				Nitrous oxide is more commonly known as laughing gas
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				The nitrate problem appeared due to the growing chemicalization of all branches of agriculture, including the widespread use of mineral fertilizers. However, the presence of nitrates in plants is normal. After all, nitrogen along with phosphorus and potassium is the basis of plant nutrition. Another thing is when the intake of nitrates exceeds the requirements of organic synthesis, and they begin to accumulate in roots, leaves and, most importantly, far from pleasant - in the fruits of various agricultural crops, both directly consumed by human food, and fodder crops for food cattle. Then they do not rework their surplus under the influence of nitrate reductase, an enzyme contained in plant tissues, or otherwise restored to nitrites, which cause serious damage to the health of not only children but also adults.

			

		

		
			
				Nitrates in soil

			

		

		
			
				
					Fertilizer on a field 
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					Activity

				

			

		

		
			
				Work in groups or pairs. 

				Discuss the effects of nitrogen oxides and nitrates on the environment. 

				Suggest the ideas of minimizing their impact. 

				Is it worthwhile to use nitrates in agriculture?
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					Chemfact
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				Nitrate levels above 10 mg/L in drinking water can cause a potentially fatal disease in infants called methemoglobinemia or Blue-Baby Syndrome. 
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				1. How can NO be formed in nature?

				2. When we inhale NO gas, what kind of bad effects are expected?

				3. During rain when lightning strikes, everything is ready for nitric acid, HNO3 to form. 

				- Write the proper reaction mechanism for the formation of HNO3.

				- What happens if HNO3 forms in the atmosphere?

				- What inhibits the formation of HNO3?

				4. What mass of ammonia is required for the preparation of 34 kg 30% (by mass) nitric acid solution?

				5. Name the following salts:

				- KNO3

				- NH4NO3

				- (NH4)2HPO4

				- (NH4)2SO4

				6. Match the followings:

				
					N2

				

				
					Humphry Davy’s favorite

				

				
					NH3

				

				
					Weak acid

				

				
					N2O

				

				
					Dimerizes rather easily

				

				
					HNO3

				

				
					Strong acid

				

				
					NO2

				

				
					Colourless

				

				
					HNO2

				

				
					Component of common household cleaning product
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				Literacy
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					Career
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				Environmental chemists use knowledge of chemistry to study how chemicals enter the environment and how human affects the environment.
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				nitrate - нитрат;

				(to) spill - төгу / проливть; 

				suffocation - тұншығу / удушье;

				fodder - жем / корм.
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					Terminology
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				Hydrogen sulfide and sulfides

			

		

		
			
				9.4

			

		

		
			
				 

				- explain reducing properties of hydrogen sulfide;

				- know qualitative reactions of sulfide ion.	

			

		

		
			
				Hydrogen sulfide is a colourless gas with an unpleasant odour (smells like rotten eggs). Hence, its presence is easily detected. The gas is very toxic. H2S gas is formed during the anaerobic decomposition of organic substances, in volcanoes, and in deep-sea thermal vents. 

			

		

		
			
				In this section, we consider the synthesis methods and properties of H2S. We then test the sulfide-ion in a solution by using soluble d-metal salts. 

			

		

		
			
				In the laboratory, it is formed by the reaction of iron (II) sulfide and dilute hydrochloric acid (in Kipp’s apparatus).

			

		

		
			
				Alternatively, pure hydrogen sulfide is obtained by the hydrolysis of aluminum sulfide.

			

		

		
			
				In aqueous solution, the H2S behaves as a weak acid (solution of hydrosulfuric acid):

			

		

		
			
				It reacts with bases:

			

		

		
			
				Hydrosulfuric acid may react with salts:

			

		

		
			
				A small amount of H2S in air causes the formation of a black sulfide layer on silver metal.

			

		

		
			
				An aqueous solution of hydrogen sulfide is a strong reducing agent. 

				1. It reduces halogens.

			

		

		
			
				2. It reduces sulfur dioxide.

			

		

		
			
				Preparation

			

		

		
			
				Chemical properties

			

		

		
			
				FeS(s) + 2HCl(dil.) → FeCl2(aq) + H2S(g)

			

		

		
			
				Al2S3(s) + 6H2O(l) → 2Al(OH)3(s) + 3H2S(g)

			

		

		
			
				H2S + H2O → H3O+ + HS-

			

		

		
			
				H2S + NaOH(dil.) → NaHS + H2O 

			

		

		
			
				H2S(aq) + Na2CO3(s) → NaHS(aq) + NaHCO3(aq)

			

		

		
			
				2Ag(s) + H2S(g) → Ag2S(s)+ H2(g)

			

		

		
			
				Cl2(g) + H2S(aq) → 2HCl(aq) + S(s)

			

		

		
			
				SO2(g) + 2H2S(aq) → 2H2O(l) + 3S(s)
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				Hydrogen sulfide (H2S) molecule 

			

		

		
			
				Arsenic sulfide mineral

				This mineral is rich in arsenic
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					Keep in mind

				

			

		

		
			
				Hydrogen sulfide is more toxic than hydrogen cyanide, HCN 
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					You will
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				Why aqueous solution of H2S has healing properties?
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					Research time
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				Open in browser "compoundchem.com". Find information about the smell of garlic and onion; human body odours.

				- Why does sulfur and sulfur compounds smell so bad?

				- What are the main reasons for bad breath?

				- Why are sulfur compounds released from the human body?
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				healing - емдік / исцеление;

				anaerobic - анаэробты /анаэробный;

				dreadful smell - өте жағымсыз иіс / ужасный запах.
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					Terminology
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				4. Permanganate ion (MnO4-) is reduced to the manganese (IV) oxide.

			

		

		
			
				Hydrosulfuric acid and soluble sulfide salts react with some salts to produce insoluble sulfide salts. These types of reactions are used to detect some ions, such as Pb2+, Zn2+, Hg2+, Cu2+, Cd2+ in analytical chemistry.

			

		

		
			
				Na2S + Hg(NO3)2 → HgS(s) + 2NaNO3

			

		

		
			
				2KMnO4(aq) + 3H2S(aq) → 2MnO2(s) + 3S(s) + 2KOH(aq) + 2H2O(l)

			

		

		
			
				Qualitative reactions for sulfide-ion 

			

		

		
			
				H2S(aq) + Pb(CH3COO)2(aq) → PbS(s) + 2CH3COOH(aq)
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					Sb2S3 precipitate

				

			

		

		
			
				CdS precipitate
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					Chemistry around us
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				Hydrogen sulfide is used as a source of sulfur and in the manufacture of paper.
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					Chemfact
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				There are two candidates for the dreadful smell - propane dithiol or 4-methyl-4-sulfanylpentan-2-one. 
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					Chemfact
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				A characteristic feature of the Black Sea is the complete (with the exception of a number of anaerobic bacteria) absence of life at depths of more than 150-200 m due to the saturation of deep layers of water with hydrogen sulfide.
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					Activity

				

			

		

		
			
				Do some research on the internet to find out about the positive effects and uses of H2S gas. Use the internet and/or chemistry books to help you. 
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				1. Perform the given conversions:

				- S → H2S → NaHS → Na2S → PbS

				- HgS → H2S → S → FeS2 → SO2 → SO3 → H2SO4

				2. 54 g of lead (II) sulfide PbS is reacted with hydrochloric acid to release H2S gas. How many liters of H2S will be produced at STP?

				3. Explain the fact that hydrogen sulfide is a gas at room temperature but water, which has a smaller molecular weight, is a liquid.

				4. When 7.2 g of metal sulfide is burnt, 2240 mL of gas is formed. What is the atomic weight of the unknown metal if its oxidation number is +2?

				5. A hydrosulfuric acid solution is 15% by mass. Find the mass of the solution necessary to reduce 11.2 L of SO2 gas.
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				Literacy
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				3. It reduces Iron (III) is to iron (II).

			

		

		
			
				2Fe3+(aq) + H2S(aq) →2Fe2+(aq) + 2H+(aq) + S(s)
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					Research time
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				Open in browser Sour crude oil. Find information about mercaptans and thiols. 
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				Is sulfuric acid an oxidizing agent or reducing agent? Why?
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				Sulfur dioxide: uses and environmental effects

			

		

		
			
				9.5

			

		

		
			
				 

				- name the sources of atmospheric pollution by sulfur dioxide and describe problems of acid rain formation;

				- know usage area of SO2 in the food industry; 

				- solve problems according to the equations of successive reactions.

			

		

		
			
				Sulfur dioxide is a toxic and colourless gas with a sharp, bad odour. At 20oC, 1 L of water dissolves 40 L of SO2. It is formed by the combustion reaction of sulfur S8.

			

		

		
			
				Sulfur dioxide is manufactured on a large scale by burning sulfur or H2S or sulfide ores. Most of the produced SO2 is used in the manufacture of sulfuric acid. It is also used as a disinfectant, bleach, food preservative and solvent. 

			

		

		
			
				Acid rain is formed from industrial emissions of sulfur and nitrogen oxides into the atmosphere, which combined with atmospheric water to form sulfuric and nitric acids. Acid precipitation causes the death of fish and other water inhabitants. Acid destroys protective waxy cover of leaves, making plants more vulnerable to insects, fungi and other pathogens.

				Acid rain destroys metals, paints, synthetic substances and architectural monuments.

			

		

		
			
				In this demo work, we demonstrate the oxidizing properties of strong acids. 

			

		

		
			
				S8(s) + 8O2(g) → 8SO2(g)

			

		

		
			
				SO2 molecule
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						Keep in mind

					

				

			

			
				
					Acid rain is any form of precipitation (rain, snow) with pH level of less than 5.6 (high acidic).

				

			

		

		
			
				
					Oxidizing properties of sulfuric and nitric acids.
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						Demo work №1
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					Introduction

					Sulfuric acid and nitric acid are strong oxidizing agents. They oxidize metals and nonmetals forming different sulfur and nitrogen oxides. 

					Materials:

					concentrated nitric acid, concentrated sulfuric acid, a copper plate (or wire), graphite, potassium iodide powder, sulfur powder, test tubes, ring stand, clamp, gas collecting tube, bent delivery tube. 

					Procedure:

					Activity 1

					1. Put a sample of Cu into a test tube.

					2. Add some conc. nitric acid (irritant odour) to the test tube.

					3. Set up the following apparatus. 

					4. Repeat this experiment with sulfur powder and nitric acid. 
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				You will
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				Toxicologists use knowledge about the safety and biological effects of drugs, substances to determine harmful effects and dosages. 
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				This image illustrates the pathway for acid rain in our environment 
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						Chemistry around us
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				Activity 2 

				1. Put a 5 g of KI into a test tube.

				2. Add some conc. sulfuric acid (irritant odour) to the test tube (Be careful: I2 vapor is toxic).

				3. Repeat reactions of sulfuric acid with graphite and copper. 

				Observation and questions:

				1. What about the colour and odour of NO2?

				2. What kind of reaction you have observed?

				3. Which of the products gives the colour?

				4. Write the balanced reactions of oxidizing copper and graphite.

				 Safety: Be careful with acids. Take care not to inhale fumes, because SO2, NO2 are poisonous gases. Wear eye protection. Wear disposable gloves. Avoid skin contact. Wash hands after use.

			

		

		
			
				Sulfur dioxide (food additive E220) is used in the meat industry, preparation of vegetables and fruits, production of wines and other beverages. The wine industry is one of the main consumers of sulfur dioxide. Meat products use the sulfur dioxide to process raw materials - so that bacteria do not appear in it. Adding a preservative to freshly squeezed juices prevents the appearance of mold and bacteria. All citrus fruits are processed with E220 before transportation.
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				Example
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				Calcium sulfite CaSO3, can be produced by the following reactions:

				S8 → SO2 → Na2SO3 → CaSO3

				Calculate how many grams of sulfur are needed to prepare 60 g of CaSO3 by these reactions. 

				Solution

				1. Let’s first write and balance all the reaction equations:

					S8 + 8O2 → 8SO2↑

					SO2 + 2NaOH → Na2SO3 + H2O

					Na2SO3 + CaCl2 → CaSO3 + 2NaCl

				2. We can find mole number of CaSO3:

					n(CaSO3) = m/Mr = 60/120 = 0.5 mole

				3. Now we have mole number of CaSO3 and we need to find the mole number of S8. Second and third equations show that:

					n(SO2) = n(Na2SO3) = n(CaSO3) = 0.5 mole

				First equation shows that the proportion between SO2 and S8 is 8 to 1, and we can find the mole number of S8:

					n(S8) = n(SO2)/8 = 0.5/8 = 0.0625 mole

				4. Finally the mass of sulfur can be calculated from its molar mass and mole number:

					Mr(S8) = 32×8 = 256 g/mole

					m(S8) = n×Mr = 0.0625×256 = 16 g

				Answer: 16 g
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					1. How to produce SO2 in the laboratory? Write chemical reactions.

					2. What are the main causes of acid rain and what is acid rain?

					3. Suggest possible ways to reduce acid rain. 

					4. Sodium sulfite Na2SO3, can be produced by the following reactions:

					S → SO2 → NaHCO3 → Na2SO3

					Calculate how many grams of sulfur are needed to prepare 31.5 g of Na2SO3 by these reactions.

					5. Sulfuric acid H2SO4, can be produced by the following reactions:

					FeS2 → SO2 → SO3 → H2SO4

					Calculate how many grams of pyrite (FeS2) is needed to prepare 19.6 g H2SO4 by these reactions.
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					Literacy
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				Sulfuric acid is the world’s most important industrial chemical. Huge amounts (in excess of 2 600 000 tons) of this multifaceted strong mineral acid are produced in Kazakhstan every year. 
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					Research time
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				Open in browser thoisoi. Watch a video about sulfur. Share with your friends.

			

		

		
			
				Citrus fruits

			

		

		
			
				This example shows, how to solve stoichiometric equations for successice reactions.

			

		

		
			
				Successive reaction problem
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				The manufacture of sulfuric acid by Contact process

			

		

		
			
				9.6

			

		

		
			
				 

				- describe the Contact process;

				- explain the scientific principles of industrial manufacture of sulfuric acid;

				- name fields of uses of sulfuric acid;

				- solve the problems of the formation and dilution of oleum. 

			

		

		
			
				In the mid 18th century the nitration or chamber process was the first method of sulfuric acid production. The catalytic or "Contact" process is the current method of manufacturing sulfuric acid. The process was first patented in 1831 by British vinegar merchant Peregrine Phillips. However, it took more than half-century before the incentive to develop the process introduced by the British manufacturer. Only in the early 1900s Knietsch and his collaborators had made extensive research and made a significant contribution to the development of the Contact process. A breakthrough was done in 1927 by General ChemiCo, N.Y. which opened the way to the plants of today.

			

		

		
			
				Stage 1. The source of sulfur dioxide. SO2 can be either be made by burning molten sulfur or sulfide ores like pyrite in excess of air:

			

		

		
			
				The diagram below shows the preparation of H2SO4 by the Contact process.

			

		

		
			
				Stage 2: Purification of the air and sulfur dioxide. It is necessary to be done to avoid catalyst poisoning. The purification includes dust precipitation, washing, drying and purifying arsenic.

				Stage 3: On this stage, the sulfur dioxide is converted to sulfur trioxide. The reaction is reversible, so engineers apply Le Châtelier's principle to ensure a shift of the equilibrium towards the product:

			

		

		
			
				The process is typically conducted at 1-2 atm, between 400 – 450°C and vanadium (V) oxide used as a catalyst. The conversion reaches a considerable yield of 95-99.5 %. 

				Stage 4: Resulted SO3 is cooled and passed into an absorption tower where it dissolves in concentrated H2SO4 acid to produce a very thick liquid called oleum or fuming sulfuric acid:

			

		

		
			
				Stage 5: Finally, the oleum is then diluted with appropriate amounts of water to produce the 98% H2SO4 acid commonly used in the laboratories.

			

		

		
			
				The Contact process
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					You will
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				Sulfuric acid molecule

			

		

		
			
				Diagram of Contact process 

			

		

		
			
				S(s) + O2(g) → SO2(g)

			

		

		
			
				2SO2(g) + O2(g)  2SO3(g) , ΔH = -197 kJ•mol−1
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				SO3(g) + H2SO4(aq) → H2S2O7(aq)

			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				
					Chemfact
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					In 1831, Phillips introduced platinum as a catalyst in his work. However, the use of platinum is not economically worth. Therefore, in the 1910s Franz Slama and Hans Wolf proposed to use vanadium-based catalyst which helped ChemiCo to make a breakthrough in the production of H2SO4.
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				Why is sulfuric acid called "King of chemicals"?
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					Research time
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				Open in browser snottites (snoticle). Watch a video on the BBC. Share with your friends.
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				Uses of sulfuric acid
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					Chemfact
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					Chemfact
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				Sulfuric acid was known as early as the 8th Century
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				Example
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				Calculate the composition of 115% oleum.

				Solution

				Let the mass of SO3 in the sample be “w” g, then the mass of H2SO4 would be (100-w) g. On dilution, 

					SO3 + H2O → H2SO4

				 80g 18g

				Moles of SO3 in oleum: 

					n(SO3)=w/80=Moles of H2SO4 formed after dilution.

				Mass of H2SO4 formed on dilution: 

					m(H2SO4)=98w/80.

				Total mass of H2SO4 present in oleum after dilution: 

					[98w/80] + (100-w) = 115

					w=66.67

				Thus oleum sample contains 66.67% SO3 and 33.33% H2SO4. 
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					Activity

				

			

		

		
			
				Consider the use of Le Châtelier's principle in the manufacturing of H2SO4. Prepare group reports by answering one of the following questions:

				- Although, the oxidation of SO2 is an exothermic process, why high temperature is required? - Catalyst, V2O5 has no effect on the position of the equilibrium nor yield any greater percentage of SO3. Why do production plants use the catalyst? 

				- Since the O2 comes from the air, this is a very cheap way of increasing the conversion of SO2. Why not use an even higher proportion of O2?

				- High pressure will ensure the production of SO3 as much as we need. However, the reaction is done at pressures close to atmospheric pressure, why?

				- Why H2SO4 can't be produced by simply adding water to the SO3?

			

		

		
			
				In the 13th century alchemists obtained sulfuric acid (vitriol oil) from "greenstone" (iron vitriol) or alum by strong heating:

				2(FeSO4×7H2O) → Fe2O3 + H2SO4 + SO2 + 13H2O 
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				1. The annual production of sulfuric acid, H2SO4, in Kazakhstan is 2,600,000 tonnes. Calculate the mass of sulfur used each day to produce this acid.

				2. Why should we use a catalyst for the oxidation of sulfur dioxide in the Contact process? What is the name of the catalyst in the Contact process?

				3. What is the mass of the solution (26 % sulfuric acid by mass) which is necessary for the reaction with 34 g of zinc?

				4. What is the mass of sulfuric acid, which is obtained from 320 grams of ore containing 78% pyrite FeS2?

				5. How many tons of 98% sulfuric acid solution can be obtained from 1.1 tons pyrite?

				6. Perform the given conversions:

				- S → Al2S3 → H2S → SO2 → NaHSO3 → Na2SO3 → BaSO3

				- PbS → SO2 → SO3 → H2SO4 → H2S2O7 → H2SO4 → (NH4)2SO4 → BaSO4
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				Literacy
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				H2S2O7(aq) + H2O(l) → 2H2SO4(aq)
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				Sulfuric acid is one of the most common mineral acids used in chemistry laboratories and the chemical industry (Look at the figure).
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				Self test
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				1. a) Identify the limiting reactant in the reaction 

				6Na + Al2O3 = 2Al(l) + 3Na2O

				when 5.52 g of sodium is heated with 5.10 g of Al2O3. 

				b) What mass of aluminum can be produced? 

				c) What mass of excess reactant remains at the end of the reaction?

				2. A mixture of 9.125 g of iron(II) oxide and 8.625 g of

				aluminum metal is placed in a crucible and heated in a high-temperature oven, where a reduction of the oxide takes place:

				3 FeO + 2Al = 3Fe + Al2O3. 

				a) What is the

				limiting reactant? 

				b) Determine the maximum amount of iron (in moles of Fe) that can be produced. 

				c) Calculate the mass of

				excess reactant remaining in the crucible.

			

		

		
			
				Solving exercises
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				Example 1
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				Consider the following unbalanced reaction:

				NH3 + O2 → NO2↑ + H2O

				a) How many grams of water can be produced from 8.5 g of ammonia?

				b) Identify the limiting reagent if 20 g of ammonia is combined with 16 g of oxygen.

				Solution

				The balanced chemical equation is

				4NH3 + 7O2 → 4NO2↑ + 6H2O

				which implies that

				4 mol ammonia ----- 6 mol water

				a)

				The molar mass of water is 18 g/mol and that of ammonia NH3 is 17 g/mol.

				Step 1

				Convert the given mass of ammonia into amount of ammonia molecules by using its molar mass:

				n(NH3) = 8.5 g / 17 g/mol = 0.5 mol

				Step 2

				Use the mole ratio to convert from the amount of ammonia molecules to the amount of water:

				4 mol NH3 ----- 6 mol H2O

				0.5 mol NH3 ----- x mol H2O

				x = 0.5×6 / 4 = 0.75 mol H2O

				Step 3

				Convert from amount of H2O into mass of H2O by using its molar mass:

				m(H2O) = 0.75 mol ×18 g/mol = 13.5 g

				b) 

				Step 1

				Convert the mass of each reactant into an amount in moles by using the molar masses of the substances:

				n(NH3) = 20 g / 17 g/mol = 1.176 mol

				n(O2) = 16 g / 32 g/mol = 0.5 mol

				Step 2

				Select O2 and use the stoichiometric relation 4 mol NH3 ----- 6 mol O2 to calculate the theoretical amount of NH3 needed for complete reaction with the given amount of O2.

				4 mol NH3 ----- 6 mol O2

				x mol NH3 ----- 0.5 mol O2

				x = 4 ×0.5 / 6 = 0.333 mol NH3

				Step 3 

				Determine which reactant is the limiting reactant.

				Because 0.333 mol NH3 is required and 1.176 mol NH3 is supplied, all the oxygen can react; so the oxygen is the limiting reactant and ammonia is present in excess.

			

		

		
			
				Identifying the limiting reactant

			

		

		
			
				9.7
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				Self test

			

		

		
			
				Self test
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				1. When 19.4 g of metal sulfide is burnt, 4.48 L of gas (at STP) is formed. What is the atomic weight of the unknown metal if its oxidation number is +2?

				2. When 1128 g of metal sulfide is burnt, 115.2 g of metal (I) oxide is formed. What is the atomic weight of the unknown metal if its oxidation number is +1?

			

		

		
			
				1. What is the mass of sulfuric acid, which is obtained from 6 kg grams of ore containing 62% pyrite FeS2?

				2. What is the mass of nitric acid, which is obtained from 500 L of ammonia gas (by Ostwalt process)?

				4NH3 + 5O2 = 4NO + 6H2O

				2NO + O2 = 2NO2

				4NO2 + O2 + 2H2O = 4HNO3 
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				Example 1

			

		

		
			
				Example 1
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				When 7.2 g of metal sulfide is burnt, 2240 mL of gas is formed. What is the atomic weight of the unknown metal if its oxidation number is +2?

				Solution

				The chemical formula of metal sulfide is MeS, because charge of metal is +2. 

				The balanced chemical equation is

				2MeS + 3O2 = 2MeO + 2SO2↑

				which implies that

				2 mol MeS ----- 2 mol SO2

				Step 1 

				Convert the mass of given reactant and product into an amount in moles by using the molar masses, molar volumes of the substances:

				n(MeS) = {7.2 / (x+32)} mol

				n(SO2) = 2.24 L / 22.4 L/mol = 0.1 mol

				Step 2 

				Use the mole ratio to convert from the amount of SO2 molecules to the amount of metal sulfide formula units:

				2 mol MeS ----- 2 mol SO2

				{7.2 / (x+32)} mol MeS ------0.1 mol SO2

				Step 3

				Solve the equation:

				2 × 0.1 = 2×7.2 / (x+32)

				0.1 = 7.2 / (x+32)

				x+32 = 7.2 / 0.1 = 72

				x = 72 - 32 = 40

				Atomic mass of metal is 40 g/mol. This is calcium Ca.

				Answer: The chemical formula of metal sulfide is CaS.

			

		

		
			
				What is the mass of sulfuric acid, which is obtained from 320 grams of ore containing 78% pyrite FeS2?

				Solution

				The balanced chemical equations are

				4FeS2 + 11O2 = 2Fe2O3 + 8SO2↑

				2SO2 + O2 = 2SO3↑

				SO3 + H2O = H2SO4

				which implies that

				4 mol FeS2 --- 8 mol SO2 and 8 mol SO2----- 8 mol SO3 and 8 mol SO3 ---- 8 mol H2SO4

				1) The mass of pure FeS2 is: m(FeS2) = 320 × 78%/100% = 249.6 g

				2) Amount of FeS2: n(FeS2) = 249.6 g / (56+32×2) g/mol = 2.08 mol

				3) Use the mole ratio to convert from the amount of FeS2 to the amount of H2SO4:

				 4 mol FeS2 --- 8 mol H2SO4

				2.08 mol FeS2 --- x mol H2SO4 

				x = 2.08 × 8 / 4 = 4.16 mol H2SO4

				4) Mass of sulfuric acid: m(H2SO4) = 4.16 mol ×98 g/mol = 407.68 g 

				Answer: 407.68 g H2SO4 

			

		

		
			
				Identifying the unknown substance

			

		

		
			
				Stoichiometric equations for successive reactions
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				Questions and problems

			

		

		
			
				1. Compare 1 mole of HNO3, 1 mole of H2SO4, 1 mole of NH3. 

				- Which has the largest number of molecules? Explain

				- Which has the greatest mass? Explain why?

				2. Determine the mass of each of the following:

				- 0.12 mol KNO3

				- 5.6 mol NH4NO3

				- 0.8 mol SO2

				- 0.41 mol H2S2O3

				3. Determine the number of moles of the compound and determine the number of moles of each type of atom in each of the following:

				- 3.5 g of sodium sulfate

				- 89 g of nitric acid

				- 3 kg of ammonia

				- 52 g of dinitrogen pentaoxide

				4. Determine which of the following contains the greatest mass of sulfur: 42 g of SO2, 66 g of H2S, or 70 g of CS2.

				5. Complete and balance the followings:

				- N2 + O2 →

				- H2S + O2 →

				- NO + O2 →

				- SO2 + O2 → 

				6. Nitrogen or Sulfur?

				- colourless gas

				- yellow powder

				- an element essential in plant nutrition

				- used in a gunpowder industry

				- liquefied at -196oC 

				- has 3 allotropic modifications

				- diatomic gas

				7. Nitrous oxide N2O, the "laughing gas" used as an anesthetic by dentists, is made by thermal decomposition of solid NH4NO3. Write a balanced equation for this reaction.

				8. Determine whether aqueous solutions of the following salts are acidic, basic, or neutral:

				- Fe(NO3)3

				- KNO3

				- NH4NO3

				- K2SO4

				- CuSO4

				9. Analysis of a 114-g sample of a solid compound composed of hydrogen, sulfur, and 

				oxygen showed it to contain 2 g of hydrogen, 64 g sulfur, and 48 g oxygen. What is the percent composition of this compound?

				10. A 0.6-L solution sample contains 0.15 mol of ammonium nitrate NH4NO3. What is the molar concentration of salt in the solution?

				11. Determine the empirical formulas for compounds with the following percent compositions:

				- 63.64% nitrogen and 36.36% oxygen

				- 24.39% Ca, 17.07% N, and 58.54% O

				12. When sulfur dioxide is dissolved in an aqueous solution of sodium hydroxide, the mixture reacts to yield aqueous sodium sulfate and liquid water. Write balanced molecular, complete ionic, and net ionic equations for this process.

				13. Predict the result of mixing reasonably concentrated solutions of the following ionic compounds. If precipitation is expected, write a balanced net ionic equation for the reaction:

				- potassium sulfate and barium nitrate

				- lithium chloride and silver nitrate

				- lead nitrate and potassium iodide

				14. What mass of barium nitrate, Ba(NO3)2, would be required to produce 40 g of the barium sulfate precipitate by the following reaction?

				Ba(NO3)2(aq) + Na2SO4(aq) → BaSO4(s) + 2NaNO3(aq)

				15. Upon reaction of 5,62 g of copper sulfate with excess zinc metal, 2.1 g copper metal was obtained according to the equation:

				CuSO4(aq) + Zn(s) → Cu(s) + ZnSO4(aq)

				What is the percent yield?

				16. H2 is produced by the reaction of 200 mL of a 0.6 M solution of H2SO4 according to the following equation: 

				Ca(s) + H2SO4(aq) → H2(g) + CaSO4(aq)

				(a) Outline the steps necessary to determine the number of moles and mass of H2.

				(b) Perform the calculations outlined.

				17. What volume of hydrogen chloride HCl produced by the reaction of 112 g of NaCl with excess sulfuric acid?

				NaCl(s) + H2SO4(l) → HCl(g) + NaHSO4(s)
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					CHAPTER

				

			

			
				
					AQUEOUS SOLUTIONS OF ACIDS AND BASES

				

			

			
				
					10

				

			

		

		
			
				10.1 Acid-base theories.

				10.2 The ionic product of water. The pH.

				10.3 Buffer solutions.

				10.4 Acid-base titration.

				10.5 Solving exercises

				Questions and Problems

			

		

		
			[image: ]
		

		
			
				Titration is used in quantitative analytical chemistry to determine an unknown concentration of an identified analyte.
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				Which compound is more acidic? Ammonia or water?
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				Acid-base theories

			

		

		
			
				10.1

			

		

		
			
				 

				- describe theories of Arrhenius, Lewis, and Brønsted-Lowry; 

				- explain areas of their uses.

			

		

		
			
				In this chapter, we will focus on acid-base reactions in aqueous solutions. Such solutions play an important role in our daily life. Vinegar, orange, apple, grape, and lemon contain acid-containing substances, and most household cleaning products are base-containing substances. Now, let us consider different acid-base theories.

			

		

		
			
				In 1884, Swedish chemist Svante Arrhenius defined acids as compounds that produce H+ ions in aqueous solution, and bases as compounds that produce OH- ions in aqueous solution. For example, hydrochloric acid (HCl) is Arrhenius acid and sodium hydroxide (NaOH) is an Arrhenius base:

			

		

		
			
				The Arrhenius acid-base theory is insufficient to explain the acidic or basic properties of some substances in nonaqueous solutions. For these molecules, another theory must be applied, since the Arrhenius acid-base theory can only be applied to substances in aqueous solutions.

			

		

		
			
				The Lewis theory is based on electron pair donating or accepting the ability of substances. Lewis acid is a molecule or ion, that is able to accept electron pairs. For example, hydrogen ion, metal ions (Ag+, Fe3+), some nonmetal oxides (SO3, SiO2), some salts (AlCl3) and compounds like BF3 and Al2O3. Lewis acids that do not have acidic hydrogen are called aprotic.

				Lewis base is a molecule or ion, that can donate electron pairs. For example, all anions, ammonia (NH3), amines (RNH2), water(H2O) and alcohol (ROH).

				Some examples of the chemical reaction between Lewis acid and Lewis base:

			

		

		
			
				The Arrhenius acid-base theory

			

		

		
			
				The Lewis acid-base theory
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					You will
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				HCl(aq) → H+(aq) + Cl-(aq)

				NaOH(aq) → Na+(aq) + OH-(aq)

			

		

		
			
				AlCl3 + Cl- → [AlCl4]-

				BF3 + F- → [BF4]-

			

		

		
			
				Svante August Arrhenius (1859-1927) Swedish physical chemist, author of the electrolytic dissociation theory. He was awarded the Nobel Prize in 1903
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				Chemfact
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				The first acid, which could be produced and used by people was acetic acid. Therefore, the term “acid” derived from the Latin “acetum” which means vinegar. The violation of technology in wine production by antiquity winemakers leads to its souring and the formation of vinegar. At first, it was poured out but then was used as a seasoning, medicine, and solvent.

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				
					Keep in mind

				

			

		

		
			
				In water, the H+ ion is present as H3O+:

				H2O + H2O → H3O+ + OH-
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				NH3 and NH4+ form a conjugate acid-base pair, where NH3 is the conjugate base of NH4+ (NH4+ is the conjugate acid of NH3). Similarly, H2O and OH- are conjugates of each other.

			

		

		
			
				In 1923, Johannes Brønsted and his English counterpart Thomas Lowry independently developed another acid-base theory. According to the Brønsted-Lowry model, an acid is a proton (H+) donor and a base is a proton acceptor. Each acid has its pair termed as a conjugate base. In an acid-base reaction, H+ (proton) is transferred from an acid to a base. For example:

			

		

		
			
				The Brønsted-Lowry acid-base theory

			

		

		
			
				NH3(g) + H2O(l) → NH4+(aq) + OH-(aq) 
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					Chemistry around us
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				The name of HCOOH is formic acid, where the word “formic” comes from the Latin word for ant “Formica”. It is excreted by ants to prevent other inhabitants of the anthill.
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					Activity

				

			

		

		
			
				Divide into groups of four students. The teacher will give to every group card with a formula of molecule or ion (like NH3, H2O, NH4+ and OH-). Each group should write a reaction equation and find a conjugate acid-base pair. Notice the differences between molecules or ions on the left and right sides of the reaction equation.
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				1. Use your knowledge of the Brønsted-Lowry theory that you learned to write equations for the following acid-base reactions. Indicate each conjugate acid-base pair:

				- HNO2 + H2O 

				- NH4+ + H2O 

				- NH3 + H2O 

				- NH3 + CH3COOH 

				2. Describe Ca(OH)2 as a base in terms of an Arrhenius, a Brønsted-Lowry and Lewis theories.

				3. When hydrogen bromide reacts with ammonia, ammonium bromide is formed. Draw the mechanism for this process and indicate which of the reagents is a Lewis acid and which one is a Lewis base. 

				HBr + NH3  NH4Br
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				Literacy
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					Research time
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					Research time
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				Open in browser sporcle.com. Find the Conjurate acid/base pair quiz. Play the game.

			

		

		
			
				Open in browser Acid-Base Solutions Phet. What are the differences between weak and strong acids? Why do weak acids have a higher pH? Is it possible for a weak acid solution to have a lower pH than a strong acid solution? If not, why not?
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				violation - бұзылу / нарушение;

				anthill - илеу / муравейник;

				aprotic - апротонды / апротонный.

			

		

		
			
				[image: ]
			

			
				
					Terminology
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				How to calculate the dissociation constant of water (Kw=1•10-14)?
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				The ionic product of water. The PH.

			

		

		
			
				10.2

			

		

		
			
				 

				- know the mean of the ionic product of the water;

				- understand that pH is the way of showing a concentration of hydrogen ions in solution which is  given by -log[H+];

				- calculate the pH of strong acids and strong bases.

			

		

		
			
				Under certain conditions, water can act as a proton acceptor (in the presence of an acid) or as a proton donor (in the presence of a base). Water can undergo a process of autoionization, i.e. being a donor and acceptor of protons: 

			

		

		
			
				We write the expression for the equilibrium constant, relying on the law of mass conservation:

			

		

		
			
				In dilute solutions, the activity of water is taken as 1 (aH2O = 1) because we consider water as pure in dilute solution. Then,

			

		

		
			
				At 25°C Kw = 1 · 10-14 remains constant in aqueous solutions of acids, alkalis, salts or other compounds.

			

		

		
			
				As activity values of solutes in solution is equal to its molar concentrations, the equilibrium constant expression becomes:

			

		

		
			
				When the concentrations of [H3O+] and [OH-] are equal, the medium of the solution is neutral:

			

		

		
			
				For a basic solution, the concentrations of OH- must be greater than concentrations of H3O+:

			

		

		
			
				The pH of a medium of a solution calculated by the formula:

			

		

		
			
				As Kw = [H3O+]·[OH-] = 1·10-14, if we take logarithm of both sides:

			

		

		
			
				The ph of a neutral medium is

			

		

		
			
				Then pH of an acidic medium is

			

		

		
			
				The pH of a basic medium, on the other hand, equal to 

			

		

		
			
				For an acidic solution, the concentrations of H3O+ must be greater than concentrations of OH-:
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				2H2O  H3O+ + OH-

				H2O  H+ + OH-
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				Kw = aH3O+• aOH- / aH2O

			

		

		
			
				Kw = aH3O+• aOH-

			

		

		
			
				Kw = [H3O+]•[OH-] = 1·10-14

			

		

		
			
				Kw = [H3O+]•[OH-]

			

		

		
			
				[H3O+] = [OH-] = √(1•10-14) = 1 · 10-7

			

		

		
			
				 [H3O+] > [OH-], [H3O+] > 1•10-7, [OH-] < 1·10-7  

			

		

		
			
				 [H3O+] < [OH-], [H3O+] < 1•10-7, [OH-] > 1•10-7 

			

		

		
			
				pH = - log [H+] 

			

		

		
			
				-log[Kw] = -log([H3O+]·[OH-]) = -log(1·10-14)

				pKw = pH + pOH = 14.00

			

		

		
			
				pH = - log [1•10-7], pH = 7.00

			

		

		
			
				pH < - log [1•10-7], pH < 7.00

			

		

		
			
				pH > - log [1•10-7], pH > 7.00
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				Measuring the pH of a solution with a pH meter 
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					Keep in mind
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					Keep in mind

				

			

		

		
			
				The activity of water in dilute solutions is taken as 1.

			

		

		
			
				The degree of dissociation is the fraction of a mole of the reactant that underwent dissociation. It is represented by α.

				α = (Ni / Ntot)*100%
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					Research time
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				Open in browser Making a pH indicator. Research the properties of fruits and vegetables. Which fruits and vegetables Work as pH Indicators?
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				pH scale value for acid and alkaline solutions
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					Chemistry around us
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				The pH level of the blood in our body ranges from 7.35 to 7.45. The average pH of the blood of a healthy person is 7.42.
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					Chemfact
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				Sorenson’s establishment of the pH scale in 1909 provided a rigorous means for comparing visual indicators.
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				Example 1

			

		

		
			
				Example 2

			

		

		
			
				Example 3

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Suppose a 0.02 M HCl solution is prepared. What is the pH of this solution? 

				Solution

				pH is calculated by the formula: 

					pH = - log [H+]

				To solve the problem, enter the concentration of the hydrogen ion.

					pH = - log (0.02)

					pH = -(-1.699)

					pH = 1.699 ≈ 1.70

				Answer: the pH of a 0.02 M solution of hydrochloric acid HCl is 1.70. 

			

		

		
			
				Calculating pH of a strong acid

			

		

		
			
				Calculating pH of a strong base

			

		

		
			
				Calculating pH

			

		

		
			
				Calculate the pH of a solution of potassium hydroxide KOH with hydrogen (hydronium) ion concentration of 1×10-11 mol/L.

				Solution

				pH is calculated by the formula: 

					pH = - log [H+]

				To solve the problem, enter the concentration of the hydrogen ion.

					pH = - log ( 1 × 10-11)

					pH = -(-11) = 11

				Answer: the pH of a 1×10-11 мол/L solution of potassium hydroxide KOH is 11. 

			

		

		
			
				0.90 g of NaOH is dissolved in enough water to make 600.0 mL of solution at 25°C. What is the pH of this solution?

				Solution

				Converting volume in mL to L: 

					V(solution) = 600.0 / 1000 = 0.6 L

				Calculate the moles of sodium hydroxide dissolved in water: 

					n(NaOH) = m(NaOH) / Mr(NaOH) = 0.9 / 40 = 0.0225 mol

				Determine the moles of hydroxide ions:

					n(NaOH) = n(OH-) = 0.0225 mol

				Calculate the concentration of OH- ions in solution in mol/L:

					C(OH-) = n / Vsol = 0.0225 / 0.6 = 0.0375 mol/L = 0.0375 M

				Write the equation for calculating the concentration of hydrogen ions in water: 

					Kw = [H+][OH-] = 1×10-14  [H+] = Kw / [OH-] 

				Substitute in the values for Kw and [OH-]: 

					[H+] = Kw / [OH-] = 1×10-14 / 0.0375 = 2.67×10-13

				Calculate pH of the solution:

					pH = - log [H+] = - log [2.67×10-13] = - (-12.57) = 12.57 ≈ 12.6 

				Answer: the pH of a solution is 12.6. 
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				1. What is the [OH-] if the [H3O+] is 4.3×10-7 M?

				2. Calculate the pH of a solution of NaOH with hydrogen (hydronium) ion concentration of 

				2 × 10-8 mol/L.

				3. 3.5 g of KOH is dissolved in enough water to make 

				500.0 mL of solution. What is the pH of this solution?

				4. Calculate the pH of a solution when 15 mL of 0.25 mol/L 

				HCl reacts with 6 mL 

				3.0 mol/L KOH. 

				5. What is the concentration of pH and pOH of 0.30 M sodium hydroxide solution?
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				Literacy
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					Research time
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				Open in browser pH scale Phet. How to determine if a liquid is acidic, basic, or neutral? Predict how dilution and volume will affect the pH and concentration of hydronium ions.
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				What does your body do to keep your pH levels at 7.4 if you're only eating acidic foods?
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				Uses of buffer solutions

			

		

		
			
				The chromium metal form of Christmas tree obtained by electrochemical deposition
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				Buffer solutions play an important role in many technological processes. They are used, for example, in the electrochemical deposition of protective coating. Also, they are used for production of dyes, photographic materials, and leather. In addition, buffer solutions are widely used in chemical analysis and for calibrating pH meters.

				Many biological and other systems depend on the buffer solutions they contain, which maintain a constant pH (Table 9.1). For example, the pH of the blood in the human body is maintained in the range from 7.35 to 7.45, despite the fact that the content of carbon dioxide and, therefore, carbonic acid in the blood can vary widely. The buffer contained in the blood is a mixture of phosphate, bicarbonate and proteins.

				In bacteriological studies, in order to maintain the pH, which is used to grow bacteria, buffer solutions are also used.

			

		

		
			
				To find the precise pH at which a mixed solution of a given composition will act as a buffer, we carry out an equilibrium calculations, as shown in the following examples.

			

		

		
			
				Buffer solutions

			

		

		
			
				10.3

			

		

		
			
				 

				- explain the operation of buffer solutions;

				- name uses areas of buffer solutions.

			

		

		
			
				A buffer solution is a solution containing conjugate weak acid or weak base pair, which is resistant to change in pH or when a strong acid or strong base is added. Also it resistant to change in pH when diluted.

				A mixture of acetic acid CH3COOH and sodium acetate CH3COONa is an example of a buffer solution.

			

		

		
			
				We have seen how to estimate the pH of a solution of a strong acid or base, but suppose a salt of the acid or base is also present? How does that salt affect the pH of the solution?

			

		

		
			
				If one adds a little bit of acid it will react with A-:

			

		

		
			
				If one adds a little bit of base it will react with HA:

			

		

		
			
				but there is a lot of A- so the pH will not change much.

			

		

		
			
				but there is a lot of HA so the pH will not change much.

			

		

		
			
				 You can calculate the pH of a buffer solution or the concentration of the acid and base using the Henderson-Hasselbalch equation:

			

		

		
			
				here, [A-] - conjurate base;

				 [HA] - weak acid;
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					You will
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				CH3COOH(l)  H+(aq) + CH3COO-(aq)

				CH3COONa  CH3COO-(aq) + Na+(aq)
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				CH3COO-(aq) + H3O+(aq)  CH3COOH + H2O
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				CH3COOH + OH-(aq)  CH3COO-(aq) + H2O
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				pH = pKa + log([A-]/[HA])

			

		

		
			
				Buffer solutions
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						Chemistry around us
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					Buffer solutions are widely used in analytical chemistry and chemical synthesis since many chemical reactions proceed with sufficient speed only in a narrow pH range.
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				buffer solutions - буферлі ерітінділер / буферные растворы.
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					Terminology
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				Table 9.1 

			

		

		
			
				pH values for some biological systems and other solutions

			

		

		
			
				
					 System (solution)

				

				
					pH

				

				
					Gastric juice

				

				
					1.6 - 1.8

				

				
					Orange juice

				

				
					2.6 - 4.4

				

				
					Vinegar

				

				
					3.0

				

				
					Tomato juice

				

				
					4.3

				

				
					Saliva

				

				
					6.35 - 6.85

				

				
					Milk

				

				
					6.6 - 6.9

				

				
					Blood of human

				

				
					7.35 - 7.45

				

				
					Tears

				

				
					7.4

				

				
					Sea water

				

				
					8
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					Chemfact
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				To shift the pH of the blood to the alkaline side, it is necessary to add 40-70 times more alkaline to it than to an equal volume of pure water.
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				Red blood cells
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				1. What is the buffer solution?

				2. Why are buffer solutions resistant to change in pH?

				3. Give examples for buffer solutions

				4. Calculate the pH of a buffer solution containing 0.3 M ammonia and 0.4 M ammonium chloride.

				5. How many milliliters of 0.1 M NH4Cl solution must be added to 50 ml 0.1 M NH3 solution, to obtain buffer solution with pH 9.3?

				6. Calculate the change in pH, if 0.001 mole HCl is added to 1 L buffer solution containing 0.01 M acetic acid and 0.01 M sodium acetate.
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				Literacy
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				Example 1

			

		

		
			
				Example 2
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				Calculate the pH of a buffer solution containing 0.1 M acetic acid and 0.2 M sodium acetate.

				Solution

				We use the Henderson-Hasselbalch equation to calculate the pH of the buffer solution.

					pH = pKa + log(CNaA/CHA)

				The acid dissociation constant (Ka) for CH3COOH is 1.75×10-5. (Use Appendix B)

					pH = pKa + log(CCH3COONa/CCH3COOH) = 4.76 + log(0.2/0.1) = 5.06

				Answer: pH is 5.06

			

		

		
			
				If 0.002 mol of NaOH is added to 0.6 L of the buffer solution (0.3 M NH3 and 0.2 M NH4Cl), what is the resulting pH? 

				Solution

				The acid dissociation constant (Ka) for NH4+ is 5.7 × 10-10 (Use Appendix B).

				Adding NaOH converts a portion of the NH4+ to NH3 due to the following reaction.

					NH4+(aq) + OH-(aq)  NH3(aq) + H2O(l)

				New concentrations of NH4+ and NH3

				 CNH4+ = (moles NH4+ - moles OH-)/V = (0.2 M ∙ 0.6 L - 0.002)/0.6 = 0.197 M

				 CNH3 = (moles NH3 + moles OH-)/V = (0.3 M ∙ 0.6 L + 0.002)/0.6 = 0.303 M

				Putting the new concentrations in into the Henderson-Hasselbalch equation

				gives a pH:

				pH = pKa + log(CNH3/CNH4+) = 9.24 + log(0.303/0.197) = 9.43

				Answer: pH is 9.43
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					Research time
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				Open in browser Buffer in the blood. 

				What Happens When a Base Is Added to a Buffer Solution?

				Why does diluting buffer with water not change its pH?
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				Acid-Base Titration

			

		

		
			
				10.4

			

		

		
			
				 

				- understand acid-base titration;

				- titrate of a strong base with a strong acid;

				- perform calculations of titration results.

			

		

		
			
				Substances react with each other in stoichiometrically equivalent amounts. As n = c • V, where c - is a molar concentration and V - is a volume of a solution, then for two stoichiometrically reacting substances:

			

		

		
			
				In this unit, we investigate acid-base titration and consider how to determine unknown concentrations of acid or base.

			

		

		
			
				Therefore, it is possible to find an unknown concentration of one of the substances if the volume of its solution, and volume and the concentration of the reacting substance are known: 

			

		

		
			
				In a titration, a solution with a known concentration of the substance (titrant), slowly, in small portions, is added to the solution of the detected substance (analyte). So, titrimetry is an analytical method in which we measure the volume of a reagent reacting stoichiometrically with the analyte.

				The end of the reaction is indicated when an equivalence point has been reached. Unfortunately, in most titration, it is hard to determine the equivalence point. Instead, we stop adding titrant when we reach an endpoint. Generally, the endpoint is indicated by a change in the colour of an indicator added to the solution containing the analyte (Table 9.2). 

				Clearly, it is crucial to select an appropriate endpoint, so the endpoint and equivalence point volumes coincide closely and it will give accurate results.

				The titration reaction must meet the following requirements:

				1. Must be of known stoichiometry.

				2. It must occur rapidly.

				3. A suitable method must be available for determining the endpoint with an acceptable level of accuracy

			

		

		
			
				The method is based on the reaction between aqueous solutions of acids and bases:

			

		

		
			
				The accuracy of an acid-base titration is limited by the usefulness of the indicator. 

				In order to understand how to select a suitable indicator, let's consider the titration of HCl with NaOH. Let's assume that we have 15 ml of 0.1 M of HCl and 0.1 M of NaOH (Table 9.3). 
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					You will
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				c1V1=c2V2

			

		

		
			
				c2=c1V1/ V2

			

		

		
			
				H+ + OH-  H2O
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				Titration

			

		

		
			
				Acid-Base titration
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				Table 9.2 

			

		

		
			
				pH values for some biological systems and other solutions

			

		

		
			
				
					Indicators

				

				
					Acid Colour

				

				
					Base Colour

				

				
					pH Range

				

				
					thymol blue

				

				
					red

				

				
					yellow

				

				
					1.2–2.8

				

				
					methyl orange

				

				
					red

				

				
					orange

				

				
					3.1–4.4

				

				
					bromothymol blue

				

				
					yellow

				

				
					blue

				

				
					6.0–7.6

				

				
					phenolphthalein

				

				
					colourless

				

				
					red

				

				
					8.3–10.0

				

				
					alizarin yellow

				

				
					yellow

				

				
					orange/red

				

				
					10.1–12.0
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						Keep in mind

					

				

			

			
				
					 pH range of indicators - it is a range of pHs where we will observe a change in colour of indicators

				

			

		

		
			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					
						Keep in mind

					

				

			

			
				
					The equivalence point is the point in a titration where stoichiometrically equivalent amounts of analyte and titrant react.
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						Keep in mind

					

				

			

			
				
					The titrant is the reagent added to a solution containing the analyte and whose volume is the signal.
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					Chemfact
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					Before 19th-century endpoints were determined using visual indicators such as litmus.
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					Chemfact
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					Phenolphthalein was first synthesized by Bayer in 1871 and used as a visual indicator for acid-base titrations in 1877.

				

			

		

		
			
				 

				How to test if the water is drinkable?
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				By comparing the two tables above, it will become clear that the most appropriate indicator is bromothymol blue while methyl orange and phenolphthalein are also suitable. Thymol blue and alizarin yellow, on the other hand, are inappropriate indicators since their change in colour begins before or after the sharp change in pH. 
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				Table 

				9.3 

			

		

		
			
				Data for Titration of 0.1 M HCl with 0.1 M NaOH 

			

		

		
			
				
					Volume (ml) of NaOH added

				

				
					pH of solution

				

				
					0.00

				

				
					1.00

				

				
					6.00

				

				
					1.37

				

				
					12.00

				

				
					1.95

				

				
					14.50

				

				
					2.77

				

				
					14.80

				

				
					3.17

				

				
					14.99

				

				
					4.48

				

				
					15.00

				

				
					7.00

				

				
					15.01

				

				
					9.52

				

				
					15.20

				

				
					10.82

				

				
					15.50

				

				
					11.21

				

				
					18.00

				

				
					11.96
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				Keep in mind

			

		

		
			
				Titrimetry is any method in which volume is the signal.
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				Chemfact
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				Titrimetry first appeared as an analytical method in the early 18th century.

			

		

		
			
				A burette is volumetric glassware used to deliver variable, but known volumes of solution.
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					Practice work №4
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				Acid-base titration

			

		

		
			
				The titration method is used to determine the unknown concentration of an identified analyte.

				Materials:

				0.1M HCl solution, NaOH solution with an unknown concentration, phenolphthalein, measuring cylinder, conical flask, funnel, burette, stand and clamp, pipette, 

				Procedure:

				1. Before beginning the experiment, clean all necessary equipment with distilled water.

				2. Take a NaOH solution with unknown concentration from your teacher.

				3. Add 15 ml of NaOH solution to a conical flask using a measuring cylinder. Add 3-4 drops of phenolphthalein indicator, swirl the flask.

				4. Fill the burette with an excess amount of HCl acid solution. Use a funnel to fill the burette.

				5. Clamp the burette carefully to a burette stand. The tip of the burette should not be touching any surfaces.

				6. Record the initial volume of the burette. Make sure to measure at the bottom of the meniscus.

				7. Place the flask under the burette and start adding the base solution to the conical flask. Pour the titrant to the analyte in small volumes, swirling after each addition. 

				8. Repeat the above step until the solution turns colourless.

				9. Measure and record your final volume of the burette. 

				10. Calculate the molar concentration of NaOH solution.

				11. Repeat the titration two times more in order to get a more accurate result.

				*it is crucial to measure out a precise amount of chemicals.

				Calculations.

				Use the following algorithm to calculate the molar concentration:

				1. Find average volume of used titrant 

				(V1 + V2 + V3)/3 = … mL

				2. Use the formula to find molar concentration

				c(NaOH) = (C(HCl) * V(HCl))/V(NaOH) = ....M

				Observation and questions:

				1. Calculate the molar concentration of NaOH.

				2. Write a word equation for this reaction.

				3. Write a formula equation for this reaction.

				4. How will you know when your titration is finished?

				5. What is the concentration of 34 mL of HCl if it takes 14.5 mL of a 0.32 M NaOH solution to neutralize it? 

				 Safety: Wear eye protection. Wear disposable gloves. Avoid skin contact. Wash hands after use.
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				Self test

			

		

		
			
				Self test
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				1. In a titration, 3.25 g of an acid, HX, requires 68.8 mL of

				0.750 m NaOH(aq) for complete reaction. What is the molar mass of the acid?

				2. A solution of NaOH of volume 25.00 mL was titrated to the stoichiometric point with 32.10 mL of 0.380 M HNO3(aq). What was the initial concentration of NaOH in the solution?

				3. A solution of phosphoric acid, H3PO4 (with 3 acidic

				protons), of volume 33.50 mL was titrated to the stoichiometric point with 85.20 mL of 0.50 M NaOH(aq). 

				a) What was the molarity of the initial phosphoric acid solution? 

				b) Determine the mass of phosphoric acid in the solution.

			

		

		
			
				1. Calculate the pH of a buffer solution that is 0.30 M HNO2(aq) and 0.15 M NaNO2(aq).

				2. Calculate the pH of a buffer solution that is 0.15 M HCN(aq) and 0.45 M NaCN(aq).

				3. Calculate the pH of a buffer solution that is 0.50 M benzoic acid and 0.20 M sodium benzoate.

			

		

		
			
				Solving exercises
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				Example 1

			

		

		
			
				Example 2
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				Suppose that 25.00 mL of a solution of sulfuric acid, H2SO4, which has two acidic protons, is titrated with 0.100 M NaOH(aq) and that the stoichiometric point for reaction with both protons is reached when 38.0 mL of the solution of the base is added. Find the molarity of the sulfuric acid solution.

				Solution

				25.00 mL = 0.025 L, 38.00 mL = 0.038 L

				Step 1 

				Calculate the amount (ntitrant, in moles) of titrant species (NaOH) added from the volume of titrant (Vtitrant) and its molarity (ctitrant):

				c = n/V, n = c×V

				n(NaOH) = 0.038 L × 0.100 M = 3.8×10-3 mol NaOH

				Step 2 

				a) Write the chemical equation: 

				H2SO4(aq) + 2NaOH(aq) = Na2SO4 (aq) + 2H2O(l)

				b) Identify the mole ratio. 

				1 mol H2SO4 ----- 2 mol NaOH

				c) Calculate the amount of acid present.

				1 mol H2SO4 ----- 2 mol NaOH

				x mol H2SO4 ----- 3.8×10-3 mol NaOH

				x = 3.8×10-3 × 1 / 2 = 1.9×10-3 mol H2SO4

				Step 3 

				Calculate the initial molarity of the analyte, c(H2SO4), by dividing the amount of analyte species by the initial volume of the analyte.

				c (H2SO4) = n (H2SO4) / V(H2SO4)

				c (H2SO4) = 1.9×10-3 mol / 0.025 L = 0.076 M

			

		

		
			
				You prepare a buffer solution that is 0.020 M CH3COONa(aq) and 0.025 M CH3COOH(aq) at 25 °C. What is the pH of the solution?

				Solution

				If the weak acid were present alone, you would expect pH 7. Because some conjugate base has been added, you should expect the pH to be slightly higher than the acid-only value but still less than 7.

				- First, identify the weak acid and its conjugate base. 

				- Then, write the proton transfer equilibrium between them and rearrange the expression for Ka to give [H3O+].

				- Finally, calculate the pH.

				1) The acid is CH3COOH and its conjugate base is CH3COO-. The equilibrium to consider is

				CH3COOH(aq) +  H2O(l) = H3O+(aq)  + CH3COO-(aq)

			

		

		
			
				Determining the molarity of acid by titration

			

		

		
			
				Calculating the pH of a buffer solution

			

		

		
			
				10.5
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				Self test
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				1. What is the pH of 1.0×10-7 M HNO3(aq)?

				2. What is the pH of 1.5×10-7M NaOH(aq)?

				3. What is the pH of 2.5×10-9 M HBr(aq)?
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				Example 3
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				What is the pH of 5.0×10-8 M HCl(aq)?

				Solution

				Although the acid is very dilute, it is an acid, and you should expect a pH of slightly less than 7.

				The acid solution present are H3O+, OH-, and Cl-:

				HCl ↔ H+ + Cl-

				H2O ↔ H+ + OH-

				The total charge of cations must equal that of anions. Because there is only one type of cation, H3O+, the concentration of H3O+ ions must equal the sum of the concentrations of the two types of anions, Cl- and OH-. The charge-balance relation [H3O+] = [Cl-] + [OH-] then tells us that

				[OH-] = [H3O+] - [Cl-]

				[Cl-] = [HCl]initial then  [OH-] = [H3O+] - [HCl]initial

				Kw = [H3O+][OH-] = 1.0×10-14

				Kw = [H3O+]([H3O+] - [HCl]initial)

				From [H3O+]2 - [HCl]initial[H3O+] - Kw = 0,

				Let [HCl]initial = 5.0×10-8 mol/L and [H3O+] = x;

				x2 - (5.0×10-8)x - (1.0×10-14) = 0

				Solve the equation:

				Δ = b2-4ac = (-5.0×10-8)2 - 4×(-1.0×10-14) = 4.25×10-14

				x1 = (5.0×10-8 + √Δ )/(2×1) = 1.28×10-7

				x2 = (5.0×10-8 - √Δ )/(2×1) = -7.8×10-8 

				Reject the negative root and use pH log x.

				pH= - log (1.28×10-7) = 6.89

			

		

		
			
				Calculating the pH of a very dilute aqueous solution of a strong acid
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				From Appendix B, pKa = 4.76 and Ka = 1.74×10-5.

				2) Find the equilibrium concentration of  H3O+ ions from 

				Ka = [H3O+][CH3COO-] / [CH3COOH]

				[H3O+] = Ka× [CH3COOH] / [CH3COO-]

				3) Approximate the conjugate acid and base concentrations by their initial values.

				[H3O+] = 1.74×10-5 × [0.025] / [0.020] = 2.175×10-5

				4) From pH=log[H3O+],

				pH = - log (2.175×10-5) = 4.66
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				Questions and problems

			

		

		
			
				1. Use your knowledge of the Brønsted-Lowry theory that you learned to write equations for the following acid-base reactions. Indicate each conjugate acid-base pair:

				- HNO3 + H2O 

				- HBr + H2O 

				- H2O + NH3 

				- HNO2 + PO43- 

				2. The compound H2SO4 is acid by means of all three of the theories that were introduced in this unit. Describe H2SO4 as acid in terms of an Arrhenius, a Brønsted-Lowry and Lewis theories.

				3. When boron trifluoride reacts with ammonia, ammonium boron trifluoride is formed. Draw the mechanism for this process and indicate which of the reagents is a Lewis acid and which one is a Lewis base. 

				BF3 + NH3  NH4BF3

				4. What is the [OH-] if the [H3O+] is 3.1×10-6 M?

				5. Calculate the pH of a solution of LiOH with hydrogen (hydronium) ion concentration of 5.4×10-3 mol/L.

				6. 17 g of KOH is dissolved in enough water to make 700.0 mL of solution. What is the pH of this solution?

				7. Calculate pH of solution when 20 mL of 0.2 mol/L HCl reacts with 30 mL of 0.5 mol/L NaOH. 

				8. What is the pH and pOH of 0.25 M potassium hydroxide solution?

				9. How many mL of 0.4 M HCl must be added to 25 mL of 0.2 M NaOH to make a neutral solution?

				10. If it takes 40 mL of 0.3 M NaOH solution to completely neutralize 130 mL of the hydrochloric acid solution, what is the concentration of the HCl solution?

				11. What is the molarity of the KOH solution if 36 mL is needed to neutralize 40 mL of 0.122 M H2SO4?

				12. 31.8 mL of 0.54 M solution of sulfuric acid is used to neutralize 55 mL of potassium hydroxide solution. What is the concentration of the potassium hydroxide solution?

				 

				13. Calculate the pH of a buffer solution containing 0.01 M acetic acid and 0.03 M sodium acetate.

				14. Calculate the pH of a buffer solution containing 0.2 M ammonia and 0.4 M ammonium chloride.

				15. Calculate the pH of a buffer solution containing 0.05 M ammonia and 0.03 M ammonium chloride.

				16. If 0.003 mol of NaOH is added to 1.0 L of the buffer solution (0.01 M NH3 and 0.02 M NH4Cl), what is the final pH?

				17. If 0.002 mol of HCl is added to 0.5 L of the buffer solution (0.01 M CH3COOH and 0.01 M CH3COONa), what is the final pH?
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				11.1 General characteristics of transition metals 

				11.2 Coordination (complex) compounds

				11.3 Biological role of transition metals

				11.4 Solving exercises

				Questions and Problems
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				Titanium is one such material which plays a pivotal role in modern jet engine design. Its strength to weight ratio and resistance to extreme heat make it the ideal candidate for aerospace applications.
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				General characteristics of transition metals

			

		

		
			
				11.1

			

		

		
			
				 

				- explain which metals are transition based on electron arrangement of Ti-Cu atoms;

				- know that transition elements have variable oxidation states;

				- explain the physical and chemical properties of transition metals based on atomic structure;

				- solve problems according to the equations of substitution reactions.
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				You will
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				In this section, we consider the physical and chemical properties of the d-block metals. 

				All the d-block elements are metals. Most of these d-metals are good electrical conductors. In fact, at room temperature, silver is the best electrical conductor of all metals. Most of the d-metals are malleable, ductile, lustrous, and silver-white in colour. Generally, their melting and boiling points are higher than those of the main-group elements. There are a few notable exceptions: copper is red-brown, gold is yellow, and mercury has such a low melting point that it is a liquid at room temperature.With the exceptions of Mn, Zn, Cd, and Hg, at room temperature, the metals possess one of the typical metal structures. 

				The Group 12 elements (zinc, cadmium, and mercury) are not normally considered to be transition metals. Because their d-orbitals are full and except in rare instances do not participate in bonding, the Group 12 elements have properties that are more like those of main group metals than those of transition metals. Just after the third row of the d-block has been started, following lanthanum, electrons begin to occupy the seven 4f-orbitals, and the lanthanoids (the “rare earths,” commonly known as the lanthanides) delay the completion of Period 6. These elements, together with the actinoids (commonly called the actinides), the analogous series in Period 7, are sometimes referred to as the inner transition metals. 

				Electron transitions within the incompletely filled d-subshell are responsible for many of the colours of compounds of the d-block elements. Furthermore, many d-block compounds are paramagnetic. 

				The ground-state electron configurations of the atoms of d-block elements differ primarily in the occupation of the (n-1)d-orbitals. According to the rules of the building-up principle, these orbitals are the last orbitals to be occupied. However, once they are occupied, they lie slightly lower in energy than the outer ns-orbitals.

				The first row of transition elements in Period 4 consists of scandium (Sc) through zinc (Zn). The general electron configuration of these elements in the first row is [Ar]4s23dx, where x can be any integer number from 1 to 10. Chromium and copper are two exceptions to this pattern: 4s and 3d orbitals in Cr are both half-filled and electron configuration of Cr is [Ar]4s13d5, and 4s in Cu is half-filled to give [Ar]4s13d10.

				The atomic radii of the d-block elements are so similar, the atoms of one element can replace the atoms of another element with minor modification of the atomic locations; consequently, d-block metals form a wide range of alloys.

				The characteristic properties of transition metals are having variable oxidation states. The highest oxidation state of the elements in Group 3 through Group 7 is equal to the group number (Table 11.1).

				
					
						Physical properties of transition metals
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				Why are pure metals not used to make a robot?
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				Atomic structure of iron Fe

			

		

		
			
				Atomic structure of chromium Cr

			

		

		
			
				Atomic structure of copper Cu
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				The steel used for making high-quality fencing and gates. 
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					Chemistry around us
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				Tantalum is a hard, heavy metal that is grayish silver in colour.
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				1. Write the electron configurations for each of the following elements:

				Fe, Cr, Ag, Cu, Ti

				2. Write the electron configurations for each of the following elements and its ions:

				Cr, Cr2+, Cr3+

				3. What is the meaning of ferromagnetic? Which elements in the periodic table show ferromagnetism?

				4. Complete the following reactions, and balance them:

				- CuO(s) + H2(g) →

				- Cr2O3(s)+ Al(s) → 

				- FeSO4 + H2O (electrolysis) →

				5. Why transition metals exhibit a variable oxidation state?

				6. How many grams of aluminum can be obtained from 410 g of hematite that contains 65% by mass of Fe2O3? 

				7. 30.4 g of an alloy (Cu, Fe) was dissolved in an excess amount of diluted sulfuric acid. The volume of produced gas was 4.48 L at STP conditions. What is the mass of copper in the alloy? (See the 11.4 topic examples)
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				Literacy
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				Mercury metal
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					Research time

				

			

			
				[image: ]
			

		

		
			
				Open in browser worldsteel.org. Choose the tab Steel facts and Publication/Infographics. Research about steel and its application. 
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				transition metals - ауыспалы металдар / переходные металлы;

				ferromagnet - ферромагнит. 
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					Terminology
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				1. Some transition metals burn in air:

					

				2Zn(s) + O2(g) → 2ZnO(s)

				4Cr(s) + 3O2(g) → 2Cr2O3(s)

				2. Reactions with acids:

					

				Fe(s) + 2HCl(dil.) → FeCl2(aq) + H2(g)

				Ni(s) + H2SO4(dil.) → NiSO4(aq) + H2(g)

				3. Reactions with some nonmetals:

					

				Fe(s) + S(s) → FeS(s)

				Ni(s) + Cl2(g) → NiCl2(s)

				2Cr(s) + N2(g) → 2CrN(s)

			

		

		
			
				Chemical properties of transition metals
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				Table 11.1 

			

		

		
			
				Oxidation states of transition metals

			

		

		
			
				
					Sc 

					 3

				

				
					Ti

					3, 4

				

				
					V

					2, 3, 4, 5

				

				
					Cr

					2, 3, 4,

					 6

				

				
					Mn

					2, 3, 4, 

					6, 7

				

				
					Fe

					2, 3

				

				
					Co

					2, 3

				

				
					Ni

					2

				

				
					Cu

					1, 2

				

				
					Zn

					2

				

				
					Y

					3

				

				
					Zr

					4

				

				
					Nb

					 3, 4, 5

				

				
					Mo

					2, 3, 4, 5, 6

				

				
					Tc

					2, 3, 4, 5, 6, 7

				

				
					Ru

					2, 3, 4, 5, 6, 7, 8

				

				
					Rh

					1, 3

				

				
					Pd

					2, 4

				

				
					Ag

					1

				

				
					Cd

					2

				

				
					La 

					 3

				

				
					Hf

					4

				

				
					Ta

					3, 4, 5

				

				
					W

					2, 3, 4, 5, 6

				

				
					Re

					2, 3, 4, 5, 6, 7

				

				
					Os

					3, 4, 5, 6, 7, 8

				

				
					Ir

					1, 3

				

				
					Pt

					2, 4

				

				
					Au

					1, 3

				

				
					Hg

					1, 2
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					Research time
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				Open in browser ferrofluids. Research about ferrofluids and their application. 
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				[Co(NH3)6]Cl3 solution

			

		

		
			
				Coordination (complex) compounds

			

		

		
			
				11.2

			

		

		
			
				 

				- describe the structure of complex compounds;

				- describe the complex formation reactions of transition metals with the ammonia and water;

				- describe the chemical properties of complex compounds of transition metals.
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				You will
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				d-metal cations are able to attach themselves ions or molecules (for example NH3), to forming complex ions. The molecules or ions that become attached to a metal ion (e.g., the NH3 molecules in [Cu(NH3)4]2+) are called ligands. These may be simple ions such as Cl-, small molecules such as H2O or NH3 and larger molecules. 

				The atom to which a fixed number of ions/groups are bound in a definite geometrical arrangement around it is called the central atom. Central atom in the coordination entities: [NiCl2(H2O)4], [CoCl(NH3)5]2+ and [Fe(CN)6]3- are Ni2+, Co3+ and Fe3+, respectively.

				The structure of [CoCl2(NH3)4]Cl named as follows: 

			

		

		
			
				In this unit, we discuss complexes of the d-block metals and investigate their chemical properties. 

			

		

		
			
				 The transition metals form a large number of complex compounds. This is due to the comparatively smaller sizes of the metal ions, their high ionic charges and the availability of d-orbitals for bond formation. For example, soluble salts of copper and iron react with ammonia solution to form coloured complexes:

					CuSO4 + 4H2O → [Cu(H2O)4]2+ + SO42- (pale blue) 

				CuSO4 + 4NH3×H2O → [Cu(NH3)4]2+ + SO42- + 4H2O (dark blue)

					FeCl2 + 6H2O → [Fe(H2O)6]2+ + 2Cl- (yellow)

					FeCl3 + 6KCN(conc) → K3[Fe(CN)6] + 3KCl (yellow)

				 Fe2(SO4)3 + 12H2O → 2[Fe(H2O)6]3+ + 3SO42-

					[Fe(H2O)6]3+ + H2O  [Fe(H2O)5(OH)]2+ + H3O+ (yellow)

				
					[image: ]
				

			

		

		
			
				1. Decomposition reactions:

				[Co(NH3)6]Cl2 → CoCl2 + 6NH3(g)

				Na2[Zn(OH)4] → ZnO + 2NaOH + H2O

				2. Reactions with acid:

				[Co(NH3)6]Cl2 + 6HCl → CoCl2 + 6NH4Cl

				 2K[Ag(CN)2] + 2H2SO4 → Ag2SO4(s) + K2SO4 + 4HCN(g) 

				3. Reactions with bases:

				[Co(NH3)6]Cl2 + 2NaOH + 6H2O → Co(OH)2(s) + 2NaCl + NH3×H2O

				[Cr(NH3)6]Cl3 + 3KOH → Cr(OH)3(s) + 3KCl + 6NH3(g)

				4. Reactions with salts:

				[Co(NH3)6]Cl2 + 2AgNO3 → [Co(NH3)6](NO3)2 + 2AgCl(s)

				K3[Fe(CN)6] + FeCl2 → KFe[Fe(CN)6] + 2KCl

			

		

		
			
				Structure of complex compounds

			

		

		
			
				Formation of complex compounds

			

		

		
			
				Chemical properties of complex compounds

			

		

		
			
				Structure of complex compounds 
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					Chemistry around us

				

			

			
				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

		

		
			
				For determining cations is often used the formation of coloured complex compounds. Most metals and nonmetals are capable of forming various coloured complex compounds. For example, Mn2+ and Ca2+ can be easily determined by ethylenediaminetetraacetic acid EDTA titration in the pH 10. 
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				Calcium EDTA molecular structure
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				coordination - координациялық / координационые; 

				complex - комлпексті / комплексные;

				horseshoe crab - қылышқұйрық / мечехвост;

				ligand - лиганд.
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					Terminology
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				[Cu(NH3)4(H2O)2]2+ complex and CuSO4 solutions

			

		

		
			
				Transition metal salts

			

		

		
			
				Powdered potassium ferrocyanide (left) and ferricyanide (right)
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					Chemfact
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				The horseshoe crab has blue blood, while humans have red blood. The colour of the blood is influenced by the metallic complex compound (hemocyanin, a copper-containing protein) that is found in the blood. 
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				Properties of transition metal complexes.  
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						Lab work №12
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				Introduction

				The most distinctive aspect of transition metal chemistry is the formation of complexes. These are substances that contain at least one complex ion, a species consisting of a central metal cation that is bonded to molecules and anions called ligands. 

				Materials:

				copper (II) sulfate, ammonia, cobalt (II) chloride, nickel (II) sulfate, silver (I) nitrate solutions, hydrochloric acid, test tubes. 

				Procedure:

				1. Take 3 ml of a solution of copper (II) sulfate, add an ammonia solution to it a few drops at a time. Record your observations. Add ammonia solution until there (dissolving of precipitate) is no further change.

				2. Add 4-5 ml hydrochloric acid into the complex. 

				3. Repeat with the cobalt, nickel, silver salt solutions. 

				Observation and questions:

				1. Note your observations.

				2. Write the equations for the reactions that take place in the experiment. 

				3. Why do transition elements form a complex compound?

				Safety: Wear eye protection. Silver nitrate is harmful. Care with ammonia. Wear disposable gloves. Avoid skin contact. Wash hands after use. 
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				1. Determine the name of the following complexes and give the coordination number of the central metal atom.

				Na2[PtCl6], K3[Fe(C2O4)3], [Co(NH3)5Cl]Cl2

				2. Give the systematic for the following coordination compounds:

				Na2[NiCl4], [Pt(NH3)2Cl4], Fe[(CO)4], K4[Fe(CN)6], K2[Zn(OH)4]

				3. Complete and balance these reactions:

				- CuSO4 + 4NH3 + 4H2O → 

				- AgNO3 + 2NH3 + 2H2O → 

				- FeCl3 + K4[Fe(CN)6] → 

				- FeSO4 + K3[Fe(CN)6] → 

				- CoCl2 + 6NH3 + 6H2O → 
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				Literacy
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					Research time
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				Open in browser compoundchem.com. Research about Different colours of blood (Fe, Cu). Compare the chemical structures of hemoglobine (Fe) with chlorophyll (Mg). 
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				Biological role of transition metals

			

		

		
			
				11.3

			

		

		
			
				 

				- explain how hemoglobin transports oxygen gas through the bloodstream;

				- explain the mechanism of carbon monoxide poisoning; 

				- describe initial treatment for carbon monoxide poisoning.
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				You will
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				The main function of the blood in living organisms is to transport substances within the organism. Oxygen is transported by the red blood cells that contain a special pigment called hemoglobin. Heme is a complex of protoporphyrin IX. This protoporphyrin IX ring consists of four pyrrole molecules cyclically linked together with the iron ion bound in the center. One oxygen atom binds to Fe and the other protrudes at an angle.

				The combination of oxygen with hemoglobin forms oxyhemoglobin:

			

		

		
			
				We saw in unit 11.2 that do-metals form complex compounds. In this unit, we examine oxygen transport in the human body and carbon monoxide poisoning. 

			

		

		
			
				Hemoglobin gas high affinity to oxygen. At once, each hemoglobin molecule can carry only four oxygen molecules. Hemoglobin has a low affinity for the first oxygen molecule. However, when the first oxygen binds to the hemoglobin, it changes the shape and the affinity of hemoglobin to other oxygen molecules increases. 

				The reverse process happens when the concentration of oxygen is low - oxyhemoglobin releases one molecule of oxygen. So, hemoglobin changes its shape and the affinity to oxygen decreases and other oxygen molecules are released easily.

			

		

		
			
				Carbon monoxide is not toxic to all forms of life. However, inhaling the gas can lead even to death because it is easily absorbed through the lungs. When a person inhale air with the presence of merely 0.08% of carbon monoxide, a person feels a headache and suffocation. 

			

		

		
			
				How does hemoglobin help to carry oxygen?

			

		

		
			
				Carbon monoxide poisoning
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				Chemfact

			

		

		
			
				Chemfact
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				Max Ferdinand Perutz was awarded the Nobel Prize in Chemistry for studies of the molecular structure of the protein hemoglobin. 

			

		

		
			
				Carbon monoxide binds to hemoglobin much stronger (250 times) than oxygen and forms carboxyhemoglobin (HbCO).
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					Keep in mind

				

			

		

		
			
				Hemoglobin combines oxygen when its concentration is high and releases the oxygen when its concentration is low. 

			

		

		
			
				Heme B, the important component of hemoglobin and myoglobin 

			

		

		
			
				Hemoglobin carrying oxygen in red blood cells

			

		

		
			
				 

				What is the oxidation state of iron in hemoglobin?
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					Emergency response algorithm inside the affected area:

					1. A gas mask is put on the victim and immediately evacuated from the affected area.

					Emergency response algorithm outside the affected area:

					1. Remove the gas mask from the victim. 

					2. Oxygen is given to the victim and warmed. 

					3. If required, artificial ventilation combined with chest compressions is performed by the use of manual respiratory devices.

					4. The victim is immediately evacuated to the nearest medical facility.

					In the first three hours, it is very important to give an oxygen cushion with a high oxygen content (Table 11.2). 

				

			

			
				
					Initial treatment for carbon monoxide poisoning
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					Table 11.2

				

			

			
				
					Time to remove %50 carboxyhemoglobin

				

			

			
				
					
						Fresh air

					

					
						5 hours 20 min

					

					
						Non-rebreather oxygen mask

					

					
						1 hours 20 min

					

					
						100% Hyperbaric oxygen (3 atm)

					

					
						23 min
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					Chemfact
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					Chemfact
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				The realization that hemoglobin was affected by CO was determined in 1857.

			

		

		
			
				Carboxyhemoglobin has a bright red colour, so poisoned corpse and even commercial meats treated with carbon monoxide acquire an unnatural reddish hue.
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				The modern methods of treatment include oxygen therapy in the hyperbaric therapy chamber
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				1. Why is human blood red?

				2. What is the hemoglobin and where is it found in the body?

				3. List the main components of human blood.

				4. Explain how CO gas affects the function of hemoglobin in the blood.

				5. How much iron is in the human body?

				6. Each molecule of hemoglobin in your red blood cell contains 4 iron atoms. There are 2.8×108 hemoglobin molecules in a single cell. Calculate the mass of iron in a single red blood cell. 

				7. The chemical formula of heme is C34H32FeN4O4. Find the percentage of iron in heme. 
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				Literacy
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				With an increase in the CO concentration to 0.32 %, paralysis and loss of consciousness occur (death comes in 30 minutes). When the concentration is above 1.2 %, the consciousness is lost after two or three breaths, the person dies in less than 3 minutes.

				The affinity hemoglobin for carbon monoxide is higher than the affinity of hemoglobin to oxygen. So, hemoglobin binds to carbon monoxide in preference to oxygen and this process restricts oxygen supply.
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				Metallurgists and miners use chemical principles (chemical reactions and methods) to the extraction and production of metals from ores.
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				Self test
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				1. Name the coordination compounds:

				⋅ [Cu(H2O)6]2+

				⋅ K4[Fe(CN)6]

				⋅ [FeCl(H2O)5]Cl

				⋅ [CoBr(NH3)5]SO4

				2. Write the formula of

				⋅ potassium hexacyanido-chromate(III)

				⋅ pentaamminesulfato-cobalt(III) chloride

				⋅ etraamminediaquacobalt(III) 

				bromide

				⋅ triamminediaquahydroxido-chromium(II) chloride

			

		

		
			
				Solving exercises
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				Example 1

			

		

		
			
				Example 2
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				Name the coordination compound [CoCl2(NH3)4]Cl.

				Solution

				1) There are one Cl- ion for every one complex ion. 

				The complex cation must have a charge of +1: [CoCl2(NH3)4]+

				Ligands: Cl- - negative charged, NH3 - neutral.

				Co is present as cobalt(III), because (x + 2×(-1 )) = +1.

				There are four NH3 molecules (ammine) and two Cl- ions (chlorido). 

				The cation is tetraamminedichloridocobalt(III), and the compound is 

				tetraamminedichloridocobalt(III) chloride.

			

		

		
			
				Write the formula of tetraamminedihydroxidochromium(III) bromide.

				Solution

				2 OH- ligands and 4 NH3 molecules are attached to Cr3+.

				The charge on the complex is +1, because (+3 + 2×(-1 )).

				The complex cation is [Cr(NH3)4(OH)2]+.

				The compound is [Cr(NH3)4(OH)2]Br.

			

		

		
			
				Naming complexes and coordination compounds

			

		

		
			
				Naming complexes and coordination compounds

			

		

		
			
				11.4
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				Keep in mind

			

		

		
			
				Greek prefixes indicate the number of each type of ligand

				in the complex ion:

				⋅ 2 -di

				⋅ 3 - tri

				⋅ 4 - tetra

				⋅ 5 - penta 

				⋅ 6 - hexa, etc 

				Naming neutral ligands:

				⋅ H2O - aqua

				⋅ NH3 - ammine

				⋅ CO - carbonyl

				⋅ NO - nitrosyl, etc

				Naming anionic ligands:

				⋅ F- - fluorido

				⋅ Cl- - chlorido

				⋅ Br- - bromido

				⋅ I- - iodido

				⋅ OH- - hydroxido

				⋅ O2- - oxido

				⋅ CN- - cyanido

				⋅ NO2- - nitro

				⋅ CO32- - carbonato, etc.
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				Example 3
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				Write the formula of ammonium amminetrichloridoplatinate(II).

				Solution

				3 Cl- ligands and 1 NH3 molecules are attached to Pt2+.

				The charge on the complex is -1, because (+2 + 3×(-1 )).

				The complex anion is [PtCl3(NH3)]-.

				The compound is NH4[PtCl3(NH3)].

			

		

		
			
				Naming complexes and coordination compounds
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				Example 4
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				A 56.25 g alloy of aluminum and silicon is analyzed for the percentage of Al by adding an excess of HCl and collecting the evolved H2 over water. The volume of H2 collected is 67.2 L at STP. Calculate the percentage of aluminum in the alloy. 

				Solution

				The chemical reaction is 

				2Al + 6HCl → 2AlCl3 + 3H2↑

				Si + HCl → no reaction 

				We follow the standard 3 simple steps to find, from the given amount of H2, how much Al must be present at the end, this amount of Al is started in terms of how many sample were used.

			

		

		
			
				Substitution reaction problem (mixture problem)
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				Self test
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				1. A 22.16 g alloy of copper and zinc (brass) is analyzed for the percentage of Zn by adding an excess of diluted H2SO4 and collecting the evolved H2 over water. The volume of H2 collected is 3.36 L at STP. Calculate the percentage of zinc in the brass. 

				2. 210 g of a mixture (Cu, Fe) was dissolved in excess amount of hydrochloric acid. The volume of produced gas 4.2 L at STP. What is the mass of iron in the mixture?
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				Example 5
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				A 65 g alloy of copper and zinc (brass) is analyzed for the percentage of Cu by adding an excess of diluted H2SO4 and collecting the evolved H2 over water. The volume of H2 collected is 6.72 L at STP. Calculate the percentage of copper in the brass. 

				Solution

				The chemical reaction is 

				Zn + H2SO4(dil.) → ZnSO4 + H2↑

				Cu + H2SO4(dil.) → no reaction 

				We follow the standard 3 simple steps to find, from the given amount of H2, how much Cu must be present at the end, this amount of Cu is started in terms of how many sample were used.

				1. From the volume of H2 given, compute the number of moles of H2 that are produced:

				n(H2)= V / 22.4 = 6.72 L / 22.4 L/mol = 0.3 moles H2

				2. From the moles of H2 produced, calculate the number of moles of Zn that must have been present. The chemical equation shows that 1 mole of Zn are required for 1 mole of H2. Therefore, 

				Moles of Zn = Moles of H2 = 0.3 moles of Zn

				3. From the moles of Zn present, calculate the weight of Zn present. From the weight of Zn present, then calculate the % of Cu in the alloy. 

					

				Mass of Zn present = n(Zn) × Ar(Zn) = 0.3 mole × 65 g/mole = 19.5 g Zn

					% of Zn present = 19.5 g × 100% / 65 g = 30 % Zn

				% of Cu present = 100% - 30% = 70 % Cu

				Answer: 70 % Cu

			

		

		
			
				1. From the volume of H2 given, compute the number of moles of H2 that are produced:

					n(H2)= V / 22.4 = 67.2 L / 22.4 L/mol = 3 moles H2

				2. From the moles of H2 produced, calculate the number of moles of Al that must have been present. The chemical equation shows that 2 mole of Al are required for 3 mole of H2. Therefore, 

					2 moles of Al ---- 3 moles of H2 ----- 2 moles of Al

				3. From the moles of Al present, calculate the weight of Al present. From the weight of Al present, then calculate the % in the alloy. 

					

				Mass of Al present = n(Al) × Ar(Al) = 2 mole × 27 g/mole = 54 g Al

					% of Al present = 54 g × 100% / 56.25 g = 96 % Al

				Answer: 96 % Al

			

		

		
			
				Substitution reaction problem (mixture problem)
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				Questions and problems

			

		

		
			
				1. Write the electron configurations for each of the following elements:

				Co, Ni, Au, Cu, Zn

				2. Write the electron configurations for each of the following elements and its ions:

				Zn, Zn2+

				3. Why transition metals exhibit a variable oxidation state?

				4. How many grams of copper can be obtained from 230 g of cuprite mineral that contains 55% by mass of Cu2O? 

				5. How many grams of chromium can be obtained from 1 kg of chromite mineral that contains 40% by mass of FeCr2O4? 

				6. How many atoms are there in cubic zinc Zn with a side of 3 cm? (d(Zn)=7.14 g/cm3)

				7. How many atoms are there in cubic tantalum Ta with a side of 2.5 cm? (d(Ta)=16.69 g/cm3)

				8. 22 g of a mixture (Ag, Fe) was dissolved in excess amount of hydrochloric acid. The volume of produced gas 7.2 L at STP. What is the mass of iron in the mixture?

				9. 62.7 g alloy of silver and zinc is dissolved in hydrochloric acid. After reaction 6.72 L of hydrogen gas produced. What is the percentage by mass of silver in the alloy?

				10. Balance the following reactions:

				- Cu + HNO3(dil) → Cu(NO3)2 + H2O + NO↑

				- MnO2 + Al → Al2O3 + Mn

				- Cr2(SO4)3 + H2O [electrolysis] → CrSO4 + O2↑ + H2SO4

				- KMnO4 + HCl → MnCl2 + KCl + H2O + Cl2↑

				- HNO3 + CuS → CuSO4 + H2O + NO2↑

				11. Determine the name of the following complexes and give the coordination number of the central metal atom.

				- K2[PtBr6]

				- K3[Fe(CN)6]

				- [Co(NH3)4Cl2]Cl

				- K2[HgCl4]

				12. Give the systematic for the following coordination compounds:

				- K3[CoCl6]

				- [Pd(NH3)3Cl3]

				- [Co(NH3)6]Cl3

				- K4[Fe(CN)6]

				- K2[Cu(CN)4]

				13. Complete and balance these reactions:

				- CuCl2 + 4NH3 + 4H2O → 

				- CrCl3 + 6H2O → 

				- FeCl2 + K3[Fe(CN)6] → 

				- [Cu(NH3)4]SO4 + HCl → 
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				12.1 Preparation of metals and alloys 

				12.2 Industrial application of electrolysis. Electroplated coating of metal objects

				12.3 Scientific principles of chemical production

				12.4 Solving exercises

				Questions and Problems
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				Production of cast iron in factory
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				In this chapter, we discuss metal industry and consider environmental problems of the metallurgical industry.
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				Preparation of metals and alloys

			

		

		
			
				12.1

			

		

		
			
				 

				- analyze the most important methods of producing metals: hydrometallurgy, pyrometallurgy, electrometallurgy, and evaluate their advantages and disadvantages;

				- know the compositions of the most important alloys used in science, technology and in everyday life: cast iron, steel, brass, bronze, melchior, duralumin;

				- describe preparation methods and properties of cast iron and steel.
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				You will
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				Did iron form on Earth or did it come from anywhere in space?
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				Any metallurgical process is the process of reducing metal ions with various reducing agents. To make this process happen, we must consider metal activity, pick the right reducing agent, consider technological, economic and ecological factors (Appendix O - Mineral resources in Kazakhstan).

				Accordingly, there are the following methods for producing metals:

				1. Hydrometallurgy;

				2. Pyrometallurgy;

				3. Electrometallurgy.

				Hydrometallurgy is the reducing metal ions from their salts in solution. Thus, get silver, zinc, molybdenum, gold, uranium. This process takes place in two stages:

				1. The natural compound is dissolved in a suitable reagent to obtain a salt solution of this metal;

				2. This metal is displaced from the resulting solution by more active metal or reduced by electrolysis.

				For example, to get copper from ore, including copper (II) oxide (CuO), it is treated with dilute sulfuric acid. Then the copper is removed from the salt solution by electrolysis or displaced from the sulfate by iron.

					CuO + H2SO4 → CuSO4 + H2O

					CuSO4 + Fe → Cu + FeSO4

				Pyrometallurgy is the reducing metal from ores at high temperatures by carbon, carbon monoxide, hydrogen and metals (aluminum, magnesium). 

				By coal reduction, we can obtain iron, copper, zinc, cadmium, germanium, tin, lead and other metals that do not form strong carbides.

					

				 SnO2 + 2C → Sn + 2CO↑

				 Cu2O + C → 2Cu + CO↑

				Hydrogen or active metals can be also used as reducing agents. The advantages of this method are the production of very pure metal.

					

				 MoO3 + 3H2 → Mo + 3H2O

					TiO2 + 2Mg → Ti + 2MgO

					3MnO2 + 4Al → 3Mn + 2Al2O3

				Electrometallurgy is the reducing metal in the electrolysis of solutions or melts of their compounds. This method produces aluminum, alkali metals, alkaline earth metals. In this case, melts of oxides, hydroxides, and chlorides are electrolyzed.

					2NaCl(molten) → 2Na + Cl2↑

					2Al2O3(molten) → 4Al + 3O2↑

			

		

		
			
				Methods of producing metals

			

		

		
			
				Brass instruments
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					Chemistry around us
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				Al-Ni-Co alloy is used in telephone wires, and in wireless and radio receivers because of its magnetic property. 
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					Research time
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				Open in browser ptable.com. 

				Compare the physical properties of transition metals: boiling point, density, hardness, conductivity, abundance, etc. 

				Make a presentation.
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				The production of ferrous metals from iron ore is a complex technological process, which can be divided into two stages. At the first stage, cast iron is produced and at the second stage, it is processed into steel (Table 10.1).

				Cast iron is smelted in blast furnaces (Appendix H). The raw materials for cast iron production are iron ores, fuels and fluxes. Iron ores are rocks containing iron in the form of chemical compounds with oxygen (Fe3O4, Fe2O3, 2Fe2O3 ∙ 2H2O) and other elements. In addition, iron ores include other compounds in the form of silica, alumina, limestone and etc. The fuel in the blast furnace is a coke, produced by dry distillation of coking coal. Fluxes are limestone, dolomite, sandstone used to lower the melting point of the waste rock, convert it and the ash of the fuel into slag.

				The process of steel production is reducing the amount of impurities (carbon, silicon, manganese, sulfur, phosphorous) that are present in the cast iron. These impurities in the smelting of steel burn out or go into the slag. Modern methods of steel production are converter, open-hearth and electrofusion (in electric furnaces). 

			

		

		
			
				The production of cast iron and steel
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				Steel used in building construction

			

		

		
			
				Melchior spoon and fork
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				1. What are the methods of production of metals? What is the difference between them? Give an example.

				2. Calculate the mass of iron (III) oxide containing 10% of impurities, which needed to prepare 400 kg of iron.

				3. Complete the following reactions:

				• ZnS → ZnO → ZnSO4 → Zn

				• Fe3O4 → Fe → FeSO4 → Fe(OH)2 → Fe2O3 ∙ H2O → Fe
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				Literacy
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				Table 10.1 

			

		

		
			
				Alloys of metals and their uses

			

		

		
			
				
					Alloy

				

				
					Composition

				

				
					Uses

				

				
					Production 

				

				
					Products

				

				
					Cast iron

				

				
					Fe, C (more than 2.14%)

				

				
					coins, gunner, railways

				

				
					Kostanay

				

				
					Steel

				

				
					Fe, C (less than 2.14%)

				

				
					weapon, artillery, tank armor, helmet

				

				
					Brass

				

				
					Cu, Zn

				

				
					fake gold, coins

				

				
					Zhezkazgan
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					Bronze

				

				
					Cu, Sn

				

				
					decor, jewelry, coins, tower bell

				

				
					Zhezkazgan
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					Melchior

				

				
					Cu, Ni

				

				
					dishes, coins, boat, medicine

				

				
					Zhezkazgan
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					Duralumin

				

				
					Al, Cu, Mg, Mn

				

				
					aviation, train 

				

				
					Pavlodar, Oskemen
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					Research time
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				Open in browser hydro.com. 

				How to produce aluminium foil? 

				What are the health effects of aluminum? 

				What are the types of aluminium alloys?
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				12.2

			

		

		
			
				 

				- explain electrolytic production of metals;

				- distinguish between electrotyping and electroplating processes;

				- explore the application of electroplating.

			

		

		
			[image: ]
		

		
			
				You will

			

		

		
			
				As you are familiar with the electrolysis process from 9 and 10 grades, we will not consider it in this unit. Some basic principles of metal production by the use of electrolysis were described in the RedOx part of 10 grades. So, it is more beneficial to look in detail into the production process of one metal.

				The only producer of primary (high-purity) aluminum is a Kazakhstan Electrolysis Plant located in Pavlodar city. The plant uses the Hall-Heroult cell to smelt aluminum from alumina. The process results in 99.95% purity of produced aluminum. The electrolytic process was invented in early 1886, by C. M. Hall and P.L.T. Heroult independently.

				Raw materials:

				- Carbon is used in both anode and cathode. The anode is made of petroleum coke that is calcined and then molded into anode blocks by pressing. Anode blocks are baked at 1000-1200oC forming strong blocks. 0.4-0.5 kg of the anode is required to produce 1 kg of Al. Also, carbon is molded into blocks forming pot lining, containers. About 0.03 kg of cathode carbon is used to produce 1 kg of Al.

				- Alumina is a commercial name of aluminum oxide. The main source of alumina is bauxite ore.

				- Electrolyte materials for the production of aluminum is a molten solution of alumina in cryolite. Cryolite is used to dissolve alumina.

				The Hall-Heroult process:

				- Alumina is mixed with cryolite.

				- An electric current produces a pool of molten aluminum, it is held under electrolyte in a carbon lined pot. 

				- Oxygen produced from alumina reacts (electrically dips) with the carbon anode, resulting in CO2.

				- Aluminum can be transported in a molten state over distances over 200 km. The method is preferred because energy is not consumed to remelt the metal. However, plants in Pavlodar molds aluminum into "primary" ingots (bars) because casting facilities are not nearby.

			

		

		
			
				Electrotyping (galvanoplasty) is an electrochemical method of making exact copies. While electroplating is electrochemical coating process of one metal with another, making later more mechanically and chemically resistant. Basically, electrotyping does not differ from electroplating. They differ primarily in the methods of surface 

			

		

		
			
				Industrial production of aluminum

			

		

		
			
				Difference between electrotyping and electroplating
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				Electroplating plant for the metal

			

		

		
			
				Aluminum rolls
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				Industrial application of electrolysis. Electroplated coating of metal objects
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				What is the difference between cast iron and stainless steel?
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					Research time

				

			

			
				[image: ]
			

		

		
			
				Open in browser compoundchem.com. Choose the tab Elements of a smartphone. What metals are used to make cell phones? 
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				Introduction

				Any glass jar can be used for electroplating. The size of the jar needs to be enough so that the object to be coated can be placed inside it without being too close to the anode plates.

				Materials:

				Glass jar; source of electricity, car battery or rectifier (voltage 6-12 V), powered by 127-220 V AC network; voltmeter and ammeter; thick copper wires for attaching anodes or as anodes; CuSO4 100 g; electrolyte for car batteries 100 g; 1 g of gelatin; dist. water 0.5 L.

				Procedure:

				1. Heat dist. water and add 100 g of CuSO4.

				2. Pour the resulting solution to 100 g of electrolyte for car batteries. Add 1 g of gelatin. 

				3. Pour dist. water until the total volume will become 500 mL.

				4. Assemble an electroplating bath according to the scheme above.

				5. Polish and degrease coating items.

				6. Hold the coating item in the electrolyte for car batteries for 30 sec.

				7. Immerse the item into an electroplating bath and turn on the electricity.

				8. Wash the coated item in a soda solution.

				Safety: Use disposable gloves. Wear eye protection. 

			

		

		
			
				preparation prior to the coating of metal on it. In electroplating, the surface is prepared so that the coating is firmly held on it. On the contrary, the coating in electrotyping should be easily separated.

				In the electrotyping, molding surface is coated with a thin conductive layer, if mold is made of nonconductive materials. The process is done near room temperature, so the molding material can be soft (wax, gutta-percha, etc). If mold is made of metal, surface coated with a separation layer. Electrotyping found its first application in printing, to make printing plates. Nowadays, it is widely used to produce jewelry, copies of sculptures, engravings, and complex details.

				In the electroplating, an external metal layer directly deposited on a coating surface. However, there is no difference in equipment for electrotyping and electroplating. Electroplating is used in aviation, radio, automotive, instrument-making and electronic industries. Moreover, it used for the manufacture of medical equipment, increasing the lifetime and improving quality characteristics. For instance, nickel plating improves corrosion resistance. By electroplating precious metals on jewelry, various colour and other visual effects are achieved.
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				Apparatus for nickel electroplating, Magasin Pittoresque (1882). 

			

		

		
			
				The electroplating bath and electric circuit
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					Chemistry around us
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				Aluminum oxide, Al203. The major compound in the natural source (bauxite) of AI metal. Used as abrasive in sandpaper, sanding and cutting tools and toothpaste.
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					Lab work №13
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				Electroplated coating of metal objects
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				1. Cryolite Na3AlF6 an ore used in the production of aluminum, can be synthesized using Al2O3. 

				Al2O3 + 6NaOH + 12HF → 2Na2AlF6 + 9H2O

				If 15 kg of Al2O3, 60 kg of a NaOH and sufficient amount of HF react completely, how many kgs of cryolite will be produced? 

				2. Complete the following reactions:

				• Al2O3 → Al → Al2(SO4)3 → Al(OH)3 → Na3[Al(OH)6] → AlCl3 → Al
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				Literacy
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				In this lab work, we examine how to work electroplating.
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				The chemical industry is an industry sector that produces products based on the chemical processing of raw materials. The main goal of chemistry and chemical technology is the production of a variety of substances and materials with a certain complex of mechanical, physical, chemical and biological properties using chemical reactions. Chemical technology solves these issues based on general scientific principles (Table 10.2, 10.3).

			

		

		
			
				Scientific principles of chemical production. Environmental problems of the metallurgical industry
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				- name the general scientific principles of chemical production;

				- justify the need for recycling materials;

				- explain the environmental problems of the metallurgical industry.
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				You will
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				Table 10.2 

			

		

		
			
				Scientific principles of chemical production

			

		

		
			
				
					General principles

				

				
					Particular principles

				

				
					1. Creating optimal conditions for chemical reactions

				

				
					- Counter substances

					- Forward flow substances

					- Increasing the surface area of the reactants

					- Using catalysts

					- Increasing pressure

					- Increasing concentrations of reactants

				

				
					2. Full and complex using of raw materials

				

				
					- Circulation

					- Creation of related industries (in recycling)

				

				
					3. Using the heat of chemical reactions

				

				
					- Heat exchange

					- Utilization of heat of chemical reactions

				

				
					4. Continuity principle

				

				
					- Mechanization of production

					- Automation of production

				

				
					5. Protecting the environment and human health 

				

				
					- Automation of harmful production

					- Machine sealing

					- Utilization of chemical wastes

					- Neutralization of air pollutants

				

			

		

		
			
				The recycle symbol

			

		

		
			
				Recycling is reuse or recycling waste or garbage. Most common materials such as glass, paper, aluminum, asphalt, iron, fabrics and various types of plastic are possible to secondary, tertiary recycling. Also, organic and household waste has been used in agriculture since ancient times.

				In the world, the introduction of multiple recycling is becoming relevant, and this is due to a number of factors: 

				1. The resources of many materials on Earth are limited and can not be replenished in terms comparable to the time of the existence of human civilization. 

				2. Once released into the environment, materials usually become pollutants. 

				3. Waste and products that have completed their life cycle are often a cheaper source of many substances and materials than natural sources.

				Industrial solid wastes are also sorted out as biodegradable and non-degradable wastes. Biodegradable wastes are generated by cotton mills, food processing units, paper mills, and textile factories. Non-biodegradable wastes are generated by thermal power plants, integrated iron and steel plants which produce blast furnace slag and steel melting slag.

			

		

		
			
				Recycling of materials
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				Chemfact
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				The most common type of waste for recycling is cast iron.
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					Keep in mind

				

			

		

		
			
				Toxic gases in metallurgical industry: 

				Ni(CO)4, Hg, AsH3, F2, COCl2, O3, PH3, Cl2, As2O3, S2Cl2, HF, HCl, NO2, SO2, HCN, H2S, C2N2, CS2, NO, NH3, CO, CO2, C2H2, UF6. 
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				How to neutralize toxic gases in chemical production?
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				raw material - шикізат / сырье;

				circulation - айналым / циркуляция;

				utilization - утилизация;

				replenished - толтыру / пополняться; 

				pyrometallurgy - пирометаллургия.
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					Terminology
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				Table 10.3 

			

		

		
			
				Scientific principles of chemical production

			

		

		
			
				Pollution problems in the metallurgical industry 

			

		

		
			
				
					General principles

				

				
					Particular principles

				

				
					1. Creating optimal conditions for chemical reactions

				

				
					- Counter substances

					Elemental S, sulfide ore FeS2, spend acid, gases like H2S

					- Forward flow substances

					oxygen (air)

					- Increasing the surface area of the reactants

					- Using catalysts

					V2O5, 450°C

					- Increasing pressure

					- Increasing concentrations of reactants

				

				
					2. Full and complex using of raw materials

				

				
					- Circulation

					- Creation of related industries (in recycling)

				

				
					3. Using the heat of chemical reactions

				

				
					- Heat exchange

					- Utilization of heat of chemical reactions Using conc H2SO4

				

				
					4. Continuity principle

				

				
					- Mechanization of production

					- Automation of production

				

				
					5. Protecting the environment and human health 

				

				
					- Automation of harmful production

					- Machine sealing

					- Utilization of chemical wastes

					The main pollutants emitted are:

					• SO2 resulting from incomplete oxidation.

					• SO3 resulting from incomplete absorption of SO3

					• Droplets of H2SO4 resulting from absorption.

					- Neutralization of air pollutants

					Many other pollutants may be emitted in trace amounts depending on the source of SO2 and the H2SO4 the production process, e.g., heavy metals (for example, Hg) when certain ores are treated.

				

			

		

		
			
				
					Industry

				

				
					Problems

				

				
					Iron and steel industry

				

				
					Coke production gases, slags, blast furnace, cyanides, electric furnace dust, pickle solution

				

				
					Ferroalloys production

				

				
					AsH3, PH3, silica dust

				

				
					Aluminum industry

				

				
					Hg, red mud, fluorine compounds, toxic organic compounds, cyanides

				

				
					Polymetal industry sulfide ores: Cu, Pb, Zn, and Ni

				

				
					SO2, Hg, Se, As

				

			

		

		
			
				Temirtau metallurgical plant
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					Chemfact
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				Fuel obtained from plastic waste has a high octane rating. It contains no lead and is known as “green fuel”.
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				Emissions and waste disposal problems in the mineral industry

			

		

		
			
				Environmental problems of the metallurgical industry
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					Chemistry around us
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				Pollution problems in the metallurgical industry 

			

		

		
			
				1. Hydrometallurgical processes: Au, Ag, Cu, and Zn - AsH3, PH3, cyanides;

				2. Radioactive ores: U and Th - radioactive Rn gas;

				3. Industrial minerals: coal, phosphate rock, ilmenite, asbestos - sulfur, ash, trace metals, nitrogen oxides, phosphogypsum, waste acid, the toxicity of fibres, tailings;

				4. Electroplating industry - Cr, Cu, Ni.
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				Table 10.3 
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					Research time
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				Open in browser bachhausen.com. Choose the tab 3D animations =>Steel production. Research the steelmaking process.
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				Self test

			

		

		
			
				Self test
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				1. Calculate the mass of aluminum (III) oxide containing 33% of impurities, which needed to prepare 24 kg of aluminum metal.

				2. Calculate the mass of copper (II) oxide containing 98% of impurities, which needed to prepare 5 kg of pure copper.

			

		

		
			
				1. The electrolysis of molten mineral MgCl2 is a process by which free magnesium is obtained.

				MgCl2 → Mg + Cl2 

				What mass of Mg is produced after electrolysis of 100 g of molten MgCl2?

				2. The electrolysis of molten KI is a process by which free potassium is obtained. What mass of K is produced after electrolysis of 80 g of molten KI?

			

		

		
			
				Solving exercises
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				Example 1

			

		

		
			
				Example 2
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				Calculate the mass of iron (III) oxide containing 15% of impurities, which needed to prepare 300 kg of iron.

				Solution

				The balanced chemical equation is

				Fe2O3(s) + 3CO(g) = 2Fe(s) + 3CO2(g) 

				which implies that

				1 mol Fe2O3 ---- 2 mol Fe

				The molar mass of iron is 56 g/mol and that of iron(III) oxide is 160 g/mol.

				Step 1 

				Convert the given mass of iron into amount of Fe atoms by using its atomic mass:

				n(Fe) = m / Mr = 300 kg / 56 g/mol = 5.36 kmol

				Step 2 

				Use the mole ratio to convert from the amount of Fe atoms to the amount of iron(III) oxide formula units.

				1 mol Fe2O3 ---- 2 mol Fe

				x kmol Fe2O3 ---- 5.36 kmol Fe

				x = 5.36 × 1 / 2 = 2.68 kmol

				Step 3 

				Convert from amount of Fe2O3 into mass of iron(III) oxide by using its molar mass:

				m(Fe2O3) = n × Mr = 2.68 kmol × 160 g/mol = 428.8 kg

				Step 4 

				Calculate the mass of ore (iron (III) oxide):

				428.8 kg ---- 85% (pure)

				x kg ----- 100% (total)

				x = 428.8 kg × 100% / 85% = 504.47 kg

			

		

		
			
				The electrolysis of molten halite NaCl is a process by which free sodium is obtained.

				NaCl(l) → Na(l) + Cl2(g) 

				Assuming that the roasting process is 100% efficient, what mass of Na is produced after electrolysis of 300 kg of molten halite?

				Solution

				The balanced chemical equation is

				2NaCl(l) → 2Na(l) + Cl2(g) 

				which implies that

				2 mol NaCl ---- 2 mol Na

				The molar mass of NaCl is 58.5 g/mol and that of Na is 23 g/mol.

				Step 1 

				Convert the given mass of halite NaCl into amount of NaCl by using its molar mass:

				n(NaCl) = m / Mr = 300 kg / 58.5 g/mol = 5.128 kmol

				Step 2 

				Use the mole ratio to convert from the amount of NaCl to the amount of Na.

			

		

		
			
				Percent purity 

			

		

		
			
				Electrolysis

			

		

		
			
				12.4
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				Self test
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				1. Determine the mass (in grams) of magnesium metal that can be obtained from molten magnesium chloride by using a current of 7.30 A for 2.11 h. What volume of chlorine gas at 25oC and 1.00 atm will be produced at the anode?

				2. How much time is required to electroplate 3.20 g of

				silver from a silver nitrate solution by using a current of 15 mA?

				3. What current is required to electroplate 6.66 g of

				gold in 30.0 min from a gold (III) chloride aqueous solution?

			

		

		
			
				2 mol NaCl ---- 2 mol Na

				5.128 kmol ---- x kmol Na

				x = 5.128 kmol Na

				Step 3 

				Convert from amount of Na into mass of Na by using its atomic mass:

				m(Na) = n × Mr = 5.128 kmol × 23 g/mol = 117.95 kg
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				Example 3

			

		

		
			
				Example 4
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				One of the largest uses of electricity is in the production of aluminum by electrolysis

				of its oxide dissolved in molten cryolite (Na3AlF6). Find the mass of aluminum that can be produced in 1.5 day in an electrolytic cell operating continuously at 5000 A.

				Solution

				Step 1 

				Write the half-reaction for the reduction and find the amount of electrons required to reduce 1 mol metal.

				Al3+(melt) + 3e- → Al(l) 3 mol e- ----- 1 mol Al

				Step 2 

				From m=n×Mr and m = M×I×t/(F×z), using Mr(Al)=27 g/mol, 3600 s = 1 h, and 36 h = 1.5 d, and remembering the stoichiometric relation between Al and the electrons,

			

		

		
			
				How many hours are required to plate 52 g of copper metal from 1.50 M CuSO4(aq) by using a current of 5.0 A?

				Solution

				Step 1 

				Find the stoichiometric relation between electrons and the species of interest from the half-reaction for the electrolysis.

				Cu2+(aq) + 2e- →Cu(s), 2 mol e- ----- 1 mol Cu

				Step 2 

				By formula:

				Calculate:

			

		

		
			
				Calculating the amount of product formed by electrolysis

			

		

		
			
				Calculating the time required to produce a given mass of product

			

		

		
			
				
					m(Al) = 

				

			

			
				
					= 60444.6 g ≈ 6.04×104 g Al

				

			

			
				
					27 g/mol × 5000 A × 3600 s ×36 

				

			

			
				
					96485 A×s/mol × 3
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					t =

				

			

			
				
					= 31358 s = 8.71 h

				

			

			
				
					52 × 96485 × 2

				

			

			
				
					64 × 5
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					52 g =

				

			

			
				
					64 g/mol × 5 A ×t 

				

			

			
				
					96485 A×s/mol × 2
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					m = 

				

			

			
				
					M×I×t

				

			

			
				
					F×z
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				Questions and problems

			

		

		
			
				1. List the chemical and physical properties that we usually associate with metals.

				2. What kinds of metals are most apt to occur in the free state in nature? Why are these metals in the free state in nature? Describe the location of these elements on the periodic table.

				3. List the 5 anions (and their formulas) that are most often combined with metals in ores. Give examples of ore of each kind. 

				4. Of the following compounds, which would you expect to require electrolysis to obtain the free metals: NaBr, CuSO4, Al2O3, Fe3O4, ZnS, ZnSO4? Why?

				5. 2KCl → 2K + Cl2↑

				At which electrode is the free metal produced in the electrolysis of a metal compound? Why?

				6. The following equations represent reactions used in some important metallurgical processes. Balance the equations. Which one(s) represent reduction to a free metal?

				- Al2O3 → Al + O2↑

				- Al + Cr2O3 → Al2O3 + Cr

				- CuSO4  + H2O → Cu + O2↑ + H2SO4 

				- PbSO4 + PbS → Pb + SO2↑

				7. Suggest a method of obtaining manganese from an ore containing zinc sulfide ZnS.

				8. Name some common minerals that contain iron. Write the chemical formula for the iron compound in each.

				9. What is cast iron? How does the hardness of iron compare with that of cast iron?

				10. What is the difference in composition between brass and bronze?

				11. What is an alloy? Why are alloys produced?

				12. Describe and illustrate the electrolytic refining of Zn.

				13. The reaction

				ZnS(s) + O2(g) → ZnO(s) + SO2(g)

				takes place in the blast furnace at a temperature 

				of 1200 K.

				- Calculate ΔHo1200 for this reaction, using 

				ΔHo(ZnS)=-205.98 kJ/mol, 

				ΔHo(O2)=0 kJ/mol, 

				ΔHo(ZnO)=-348.28 kJ/mol, 

				ΔHo(SO2)=-296.83 kJ/mol 

				Is this a favorable enthalpy change?

				- Using your values of ΔHo1200 and

				 ΔGo1200=-100.5kJ/mol, calculate ΔSo1200.	

				14. The following reactions take place during the extraction of copper from copper ore.

				- 2PbS + 3O2 → 2PbO + 2SO2↑

				- PbS + 2PbO → 3Pb + SO2↑

				Identify the oxidizing and reducing agents. Show that each equation is correctly balanced by demonstrating that the increase and decrease in oxidation numbers are equal.

				15. Assuming complete recovery of metal, which of the following ores would yield a greater quantity of zinc on a mass basis? 

				(a) an ore containing 384.6 g of sphalerite ZnCO3

				or (b) an ore containing 298.5 g of zinc blende ZnS.

				16. What mass of nickel could be electroplated from a solution of NiSO4, using an electric current of 1.5 A flowing for 4.5 hours?

				17. Calculate the percentage of lead in galena ore containing 53% PbS by mass. How many kgs of lead would be contained in 1 ton of the ore? 

				18. The roasting of chalcocite, Cu2S is a process by which free copper is obtained.

				Cu2S + O2 → CuO + SO2↑

				CuO + Cu2S → Cu + SO2↑

				Assuming that the roasting process is 90% efficient, what mass, in tons, of SO2 is released into the air by the roasting of 500 tons of chalcocite?

				19. The electrolysis of molten halite NaCl is a process by which free sodium is obtained.

				NaCl → Na + Cl2↑ 

				Assuming that the roasting process is 100% efficient, what mass of Na is produced after electrolysis of 300 kg of halite?
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					DEVELOPMENT OF NEW MATERIALS 

					AND CHEMICALS 

				

			

			
				
					13

				

			

			
				
					CHAPTER

				

			

		

		
			
				13.1 Synthesis and development of new materials

				13.2 Natural and synthetic compounds with neurological activity

				13.3 Drug discovery and development

				13.4 Nanotechnology

				13.5 The structure of nanocarbon particles

				13.6 Development of new polymers. Applications of new materials

				Questions and Problems
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				New molecules are often synthesized so that their chemical properties can be studied or that have intentionally designed molecular behaviour including as pharmaceuticals or as new materials.
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				Synthesis and developing of new materials

			

		

		
			
				13.1

			

		

		
			
				 

				- describe the science involved in the development and synthesis of new materials.
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				You will
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				Why is the graphene material of the future?

			

		

		
			
				New materials are the most important tools for the development of industries, construction, medicine and the service area (Look at the below). Materials science and engineering play a vital role in this modern age of science and technology. Different kinds of materials are used in industry, housing, agriculture, transportation, in plant and individual requirements.

				Material Science is the scientific study of the properties and applications of materials of construction or manufacture (such as ceramics, metals, polymers, and composites).

				All materials classified into the 6 groups:

				1. Metals (ferrous and non-ferrous) and alloys

				2. Ceramics	3. Organic Polymers

				4. Composites	5. Semiconductors

				6. Biomaterials	7. Advanced Materials

			

		

		
			
				This chapter provides the foundations for understanding the synthesis of new material in human life.

			

		

		
			
				Screen of graphene

			

		

		
			
				Nanotubes bundles

			

		

		
			
				Graphene synthesis
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					Keep in mind

				

			

		

		
			
				Material Science jobs:

				• CAD technician.

				• Design engineer.

				• Materials engineer.

				•Metallurgist.

				• Product/process development scientist.

				• Research scientist (physical sciences)

				• Technical sales engineer.
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				graphene - графен;

				nanotubes - нанотүтікшелеро / нанотрубки; 

				material science - материалтану /материаловедение; 

				aerogel - аэрогель.
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					Terminology
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				1. Aerogel

				Aerogel (also called “frozen smog”) is the least dense solid in the world and most effective insulator. 97% of the volume of aerogels is composed of air. Aerogel is presently being used as an insulation product, thickening product in cosmetics, laser goals, blankets, in space fits, army armor, and in particle physics. 

				2. Carbon nanotubes.

				Nanotubes exhibit extraordinary strength and unique electrical properties and are efficient conductors of heat. They are used in nanotechnology, electronics, optics and other fields of materials science.

				3. Graphene

				Graphene is one of the allotropes of carbon. It is stronger, thinner, most conductive, flexible, transparent, highly conductive, and impermeable to most gases and liquids.

				4. D3O

				D3O is a soft and elastic material. It is soft as gum, but if you hammered a lump of this material, the lump hardly deforms. Due to this property, the material is already used for the production of equipment for skiers: knee pads, elbow pads, etc.

				5. Graphene aerogel (aerographene) 

				The least dense solid in existence and excellent absorbent. It can absorb more than 850 times its own weight. Aerographene may also have some applications in the storage and the transfer of energy by enabling the creation of lighter, higher-energy-density batteries. 

			

		

		
			
				Materials of the future
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				Granular D3O material

			

		

		
			
				Aerogel cubes 
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					Chemistry around us
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				Graphene used in microelectronics, thermal foils for mobile devices, in batteries and supercapacitors, to enhance fuel-cells; and as anti-corrosion coatings and paints, efficient and precise sensors, faster and efficient electronics, flexible displays, efficient solar panels, faster DNA sequencing, drug delivery, and etc. 
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					Chemfact
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				NASA used aerogel to trap space dust particles aboard the Stardust spacecraft. The particles vaporize on impact with solids and pass through gases, but can be trapped in aerogels.
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					Activity

				

			

		

		
			
				Write a description of the following materials. 

				1. Metamaterials	2. Aluminum Bubble Wrap

				3. Titanium Foam	4. Superglue

				5. Artificial spider silk	6. Amorphous metal

				Find out more using the internet. Include the following information:

				- which materials important - application areas

				- how to synthesize?	- which materials are very expensive?
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				1. Why is graphene so flexible? Why is graphene a good conductor?

				2. Why do we develop new materials?

				3. What is the point of studying science and engineering?

				4. How materials are classified according to their chemical composition?
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				Literacy
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					Research time
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				Open in browser graphene.manchester.ac.uk. Research about the Application and properties of graphene. 
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				Natural and synthetic compounds with neurological activity

			

		

		
			
				13.2

			

		

		
			
				 

				- name physiologically active natural and synthetic compounds such as aspirin and taxol;

				- explain the importance of molecular orbitals and chirality for physiologically active compounds.
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				You will
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				Do neurotransmitters affect memory?
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				Alkaloids are natural nitrogen-containing organic compounds. They are synthesized mainly by plants. Alkaloids have alkaline properties and almost all bitter in taste. In plants, alkaloids exists in the cell sap (0.001%-6%). Many of them produce a stimulating effect on the nervous system in small quantities, while in large doses they are very poisonous. Alkaloid-containing plants have been used by people to make drinks (tea, coffee, cocoa), to smoke (tobacco, opium), to chew (coca leaves). Abuse of certain alkaloids, especially injections of morphine or sniffing of cocaine, leads to very serious consequences. Thousands of different alkaloids have been extracted from plant sources, many of which are used in modern medicine.

			

		

		
			
				Drugs are chemicals of low molecular masses (~100-500 AMU). These interact with macromolecular targets and produce a biological response. When the biological response is therapeutic and useful, these chemicals are called medicines and are used in the diagnosis, prevention, and treatment of diseases. If taken in doses higher than those recommended, most of the drugs used as medicines are potential poisons.

				Acetylsalicylic acid (aspirin) is a medicine that has an analgesic, antipyretic, anti-inflammatory effect. Aspirin is used to treat fever, pain, rheumatic fever, and inflammatory diseases such as rheumatoid arthritis, pericarditis, and Kawasaki disease. It has been shown that lower doses of aspirin reduce the risk of death from a heart attack or the risk of stroke in some cases.

				Taxol (Paclitaxel, PTX) is an anticancer medicine. Previously, it was obtained only from the bark of the Pacific yew tree, but now it can be obtained by biotechnological methods. Taxol interacts with tubulin, a protein that forms microtubules that are involved in cell division and controls the development of ovarian, breast and lung cancers. Encouraging are the results of clinical trials using taxol for the treatment of ovarian cancer.

			

		

		
			
				As most of the molecules found in the body are chiral in nature, substances that bind to them have to be chiral as well. Specifically, the drugs which bind to proteins or enzymes, have to chiral as well in order to bind to the specific site which activates or inactivates the latter macromolecule. Generally, substances which are found in solutions are racemic, meaning they contain both of the enantiomers in equal amount.

			

		

		
			
				Alkaloids - amines from plant sources

			

		

		
			
				Drugs (medicines)
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					Keep in mind

				

			

		

		
			
				The word “alkaloid” is derived from the word alkali, since aqueous solutions of alkaloids are slightly basic.
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				Chemfact
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				Cocaine C17H21NO4 is a central nervous system stimulant obtained from the leaves of the coca plant. In small doses, it decreases fatigue and gives a sense of well-being. 
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				Aspirin

			

		

		
			
				Paclitaxel
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					Chemistry around us
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				Caffeine C8H10N4O2 is a widely used stimulant of the central nervous system that contains amine heterocycles. Caffeine is a bitter-tasting amine found in coffee and tea. Caffeine is also present in soft drinks and chocolate bars.
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				Neurotransmitters are chemical messengers that allow signals to cross synapses to transmit information from a nerve cell or neuron to a target cell (Table 12.1). 

				Neurotransmitters are chemical molecules used by the nervous system to transmit messages between neurons, or neurons to muscles. 

				The brain uses neurotransmitters to tell the heart to beat, lungs to breathe, and stomach to digest. Neurotransmitters can also affect mood, sleep, concentration and can cause adverse symptoms when they are out of balance. Stress, poor diet, neurotoxins, genetic predisposition, and certain pharmaceuticals can cause these levels to be out of the optimal range (Appendix A).

			

		

		
			
				Neurotransmitters
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					Chemistry around us
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				Amphetamine, C9H13N methamphetamine, and phentermine - all synthetic amines - are powerful stimulants of the central nervous system.
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				Table 12.1 

			

		

		
			
				Selected neurotransmitters
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					Activity

				

			

		

		
			
				Britain scientist sir A.Fleming discovered the penicillin and lysosome. Write a short text about the penicillin drug. Include the following information:

				- how to synthesize penicillin now 

				- the history of discovering penicillin

				- uses of penicillin in medicine
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				1. What are alkaloids? Give examples of common alkaloids.

				2. What are neurotransmitters and how do they differ from hormones?

				3. What is a neurotransmitter?

				4. What is the function of dopamine in the body?

				5. What are some physiological effects of low levels of dopamine?

				6. Calculate the molecular masses of followings:
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				Literacy
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					Amine

					Transmitters

				

				
					Synthesized

					from

				

				
					Site of Synthesis

				

				
					Function

				

				
					Effect enhanced by

				

				
					Acetylcholine

				

				
					Acetyl CoA and choline

				

				
					Central nervous system

				

				
					Excitatory: regulates muscle activation, learning and short-term memory 

				

				
					Nicotine

				

				
					Dopamine

				

				
					Tyrosine

				

				
					Central nervous system

				

				
					Excitatory and inhibitory: regulates muscle movement, cognition, sleep, mood, and learning; deficiency leads to Parkinson's disease and schizophrenia 

				

				
					L-dopa, amphetamines, cocaine

				

				
					Norepinephrine

				

				
					Tyrosine

				

				
					Central nervous system

				

				
					Excitatory and inhibitory: sleep, focus, and alertness

				

				
					Ritalin, Dexedrine

				

				
					Epinephrine

				

				
					Tyrosine

				

				
					Adrenal glands

				

				
					Excitatory: plays a role in sleep and being alert and is involved in the fight-or-flight response 

				

				
					Ritalin, Dexedrine

				

				
					Serotonin

				

				
					Tyrosine

				

				
					Central nervous system

				

				
					Inhibitory: regulates anxiety, eating, mood, sleep, learning and memory

				

				
					LSD, Prozac and Paxil block its action to relieve anxiety 

				

				
					Histamine

				

				
					Histidine

				

				
					Central nervous system: hypothalamus

				

				
					Inhibitory: involved in allergic reactions, inflammation and hay fever

				

				
					Antihistamines
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					Research time
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				Open in browser compoundchem.com.

				Research about Neurotransmitters and anaesthetics. 

			

		

		
			[image: ]
		

		
			
				N

			

		

		
			
				H

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Drug discovery and development

			

		

		
			
				13.3

			

		

		
			
				 

				- describe the synthesis process of aspirin;

				- list the problems in drug production.
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				You will
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				Why drug development is time-consuming and expensive?
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				Today aspirin is chemically synthesized without using natural reagents. One method starts with petroleum, which is refined by distillation to obtain benzene. After that benzene reacts with sulfuric acid and NaOH to form sodium phenolate. At high temperature and pressure, sodium phenolate reacts with CO2 and H2O to produce salicylic acid (Kolbe-Schmidt reaction). Salicylic acid reacted with acetic anhydride (cat. H2SO4 or H3PO4) to form acetylsalicylic acid (aspirin). 
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				Aspirin tablets

			

		

		
			
				Aspirin molecule

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				1

			

		

		
			
				2

			

		

		
			
				3

			

		

		
			
				4

			

		

		
			
				5

			

		

		
			
				6

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Activity

				

			

		

		
			
				Introduction

				Methyl benzoate and methyl salicylate are two of the aromatic esters used in the manufacturing of perfumes and flavoring agents. Methyl salicylate smells and tastes like wintergreen. In general, salicylates are pyretic and analgesic which relieve certain rheumatism. Aspirin is the most common salicylate used in medicine today.

				Procedure:

				1. Fill the 2/3 of the 250 ml beaker with tap water. Place the beaker on the wire gauze.

				2. Assemble the Buchner funnel with a rubber stopper, then close the mouth of the filtering flask with the rubber stopper.

				3. Connect the side tube of the filtering flask to the vacuum filter pump with the rubber tubing. 

				4. Prepare an ice bath in 250 ml beaker and ice water in a 100 ml beaker.

				5. Weigh 3 g of salicylic acid with balance, then put it into the 100 ml Erlenmeyer flask.

				6. Measure 5 ml of acetic acid with a 10 ml graduated cylinder, then add it into Erlenmeyer flask carefully.

				7. While stirring regularly, add 8 drops of sulfuric acid into Erlenmeyer flask with a dropper gradually.

				8. Swirl the mixture in the Erlenmeyer flask for about 5 minutes. Place the Erlenmeyer flask into the beaker and clamp it on the support rod.

				9. Ignite the burner and heat the contents of the Erlenmeyer flask by boiling the water in the beaker for 15 min.

				10. Extinguish the burner, then take the Erlenmeyer out from the water bath.

				11. While the contents of the Erlenmeyer is still hot, carefully add 5 ml of ice water into the Erlenmeyer flask at once with a graduated cylinder. Record your observations.

				12. When the crystallization slows down, add 40 ml of water into the Erlenmeyer flask and place it into the ice-bath in the beaker for 2 minutes.

				13. Take the Erlenmeyer out from the ice-bath. Filter the mixture through the Buchner funnel by vacuum filtration.

				14. Rinse the product in the Buchner funnel with 15 ml of ice water.

				15. Transfer the product in the Buchner funnel on a sheet of dry filter paper. Allow it to dry completely. 

				16. Take a few crystals of your aspirin on a piece of wet blue litmus paper. Record your observations.

				Observation and questions: 

				1. Note your observations on the litmus paper test.

				2. What is the function of the sulfuric acid in the formation of aspirin?

				3. Write chemical reactions.

				Safety: Wear protective glasses. Sulfuric acid is highly corrosive. Wash splashes off the skin with copious water.
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				Aspirin synthesis

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Research time
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				Open in browser compoundchem.com, fda.gov. 

				Read about Medicinal Chemistry. 
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					Career
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				Pharmacologists use chemistry to research, develop and test drugs.
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				drug discovery - дәрі синтезі / синтез препаратов;

				rheumatism - ревматизм;

				Erlenmeyer flask - конусты колба / коническая колба; 

				pharmacologist - фармаколог.
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					Terminology
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				Nanotechnology

			

		

		
			
				13.4

			

		

		
			
				 

				- explain terms such as nanoparticle, nanochemistry and nanotechnology;

				- describe the synthesis and research methods of nanoparticles; 

				- know application areas of nanoparticles.
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				You will
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				Despite the term "nanoscience" that may seem related to the modern age, chemists are actually doing nanoscience for hundreds of years. Nanoparticles were used as early as the fourth century (AD). For instance, medieval stained glass artisans, although unaware, were using nanotechnology. They trapped gold and silver nanoparticles in the 'glass matrix' in order to generate the ruby red and deep yellow colours in the windows. 

				 Nanoparticles are defined as objects with a size 1 to 10 nm, composed of atoms of one or more elements. Nanoscience studies the properties of nanoparticles and an arrangement of atoms within the structure composed of nanoparticles. 

				There are two methods of synthesizing nanoparticle: top-down and bottom-up. In a bottom-up approach, a nanoparticle is "built" from separate atoms. This approach considers chemical methods of preparation so nanochemistry deals with it. On the contrary, the top-down approach starts with "large scale" structures and "cut away" until the final nano-scale product is ready. The latter approach is used by nanophysics.

				Although nanotechnology has been practiced for more than one and a half thousand years, Lycurgus Cup, for example, was defined only in the 21st century. Nanotechnology, as was defined by the National Nanotechnology Initiative, is science, engineering, and technology conducted at the nanoscale, which is about 1 to 100 nanometers.

				Nanochemistry has a variety of synthesis methods such as chemical, photochemical, radiation chemical reduction; cryochemical synthesis and etc. While physical methods involve the application of low-temperature plasma, molecular beams, gas evaporation, electro explosion, laser-induced electrodispersion and etc.

				Let's consider a synthesis of gold nanoparticles as an example. First, solutions of chloroauric acid, aqueous sodium carbonate and hypophosphite in diethyl ether are prepared. Then, the mixture is heated for an hour up to 700oC. Obtained gold particles are 2-5 nm diameters but they contain large amounts of admixtures. The resulting colloid system reduced admixture by the use of hydrogen. 

				There are many different methods that are used to study physicochemical properties. 

				The main techniques are:

				- ionization by photos and electrons with analysis of obtained mass spectra

				- transmission and scanning electron microscopes

				- electron diffraction, X-ray diffraction

				- NMR and electron paramagnetic resonance, photoelectron spectroscopy, etc.

				As it is impossible to describe all of the mentioned methods, we will take into account only the X-ray diffraction technique. X-ray analysis 

			

		

		
			
				Nanoscience

			

		

		
			
				Yellow gold nanoparticles 
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				The nanorobot catches and destroys 

			

		

		
			
				Nanoscientists
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				Where can we see nanotechnology in our everyday life?
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					Research time
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				Open in browser nano.gov. 

				Read more about nanotechnology. 
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				Nanoparticles are used in different fields of our lives. They include security, healthcare, resources and etc. Security is not only about utilizing nanotechnologies in military purposes but the development of secure connections involved too. For instance, MIT was awarded a $50 million Army contract in 2002 to launch the Institute for Soldier Nanotechnologies (ISN) developing artificial muscles, biowarfare sensors, and communications systems.

				Nanotechnology revolutionized the way drugs delivered in our bodies. Nowadays, there are five methods that deliver the right amount of medicine to the exact spots of the body that need it most. Nanotechnology-based medical diagnosis techniques under development. For instance, A method for detecting cancer cells in the bloodstream is being developed using nanoparticles called NanoFlares.

				In addition, research done by MIT scientists predicting that there is a type of solar cells could produce up to 1000 times than conventional solar cells. That solar cell will be made from single-molecule thick sheets of graphene and materials such as molybdenum diselenide. Moreover, what if the desalination of water from our oceans can be done by the use of nanoparticles? It will not only provide enough water to drink but also enough to water our crops.

			

		

		
			
				Nanotechnologies in our life

			

		

		
			
				can be applied to determine the sizes and structures of studied nanoparticles. Interaction of initial beam of X-rays with crystals, metals particles and molecules leads to scattering of those rays. Resulting scattered X-rays are related to structures of the analyzed sample. The intensity of the diffracted ray depends on the sizes and shapes of nanoparticles. The size of the tested sample of crystal needs to be about 0.1 mm. X-rays tube bombard electrons toward the target producing characteristic X-ray spectra. As the sample and detector are rotated, the intensity of the reflected X-rays is recorded. An X-rays detector records and processes this X-ray signal to a computer monitor. 
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					Activity

				

			

		

		
			
				Let's assume that in future nanotechnology will be involved in every aspect of our life. Can you imagine a new life for future people? What are the benefits? Will be a human body more, will we live a longer life? What are the negative effects?

				You need to work in groups. Try to make a story about a future nanotechnological world. Your story needs to science-based and interesting to be read by ordinary people. 
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					Chemfact
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				The coloured stained glass was creating a kind of dim light in churches, emphasizing the sacrament of communication with the Lord, but over time, the hygienic role of stained-glass windows was discovered. It turned out that the air in churches is significantly cleaner than in ordinary houses of citizens. It was found that microscopic gold nanoparticles act as a catalyst to strip the air of dangerous chemicals.
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				Stained medieval glass window, St Giles' Cathedral of Edinburgh, UK.

			

		

		
			
				Mixture of metallic nanoparticles
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				1. Read about the unique characteristics of mentioned Lycurgus Cup.

				2. Can you give an example of nanotechnology that we use in our daily life?

				3. What is the difference between nanochemistry and nanophysics? 

				4. How are gold nanoparticles used in high technology applications? 

			

		

		
			[image: ]
		

		
			
				Literacy
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					Chemistry around us
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				Top countries in nanotech in 2018
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				nanoparticle - нанобөлшек / наночастица;

				diffraction - дифракция;

				X-rays detector -рентген сәулелік детектор / детектор рентгеновского излучения;

				church - шіркеу / церковь. 
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					Terminology
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				The structure of nanocarbon particles
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				- distinguishing properties of nanomaterials;

				- describe the structure of some carbon nanoparticles;

				- growing of crystals and polymerization as synthesis methods of nanomaterials.
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				You will
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				As it simply can be stated, the nanomaterial is just a tiny part of the solid matter. However, what is the main reasons for the extraordinary properties of nanosystems? It turns out that with such small sizes, the properties of nanostructures are very different from the properties of bulk materials. Thus, two main factors affecting the properties of nanomaterial need to be emphasized: the change in the thermodynamic state and the appearance of quantum-size effects. Because of their small size, they have a high surface area. As a result, such nano-objects exhibit high physicochemical activity. The electronic properties of nanoscale systems also differ from the known properties of the material from which they are made.

				Summarizing the numerous calculated and experimental data, it can be noted that the difference in the properties of nanomaterials as compared to the properties of similar large-crystalline ones is as follows.

				Mechanical: an increase in hardness (due to the absence of extended defects) in combination with high (super-) plasticity (due to a well-developed grid of boundaries and grain boundary slippage), an increase in yield strength, a decrease in cold break threshold.

				Electrical: size dependence of the electron work function and electrical resistance, the semiconductor nature of the conductivity of very small metal nanoparticles (due to the limited number of free electrons).

				Magnetic: superparamagnetism (with a particle size less than 1 domain), maximum coercive force in monodomain particles, giant magnetoresistance.

				Thermal: Debye temperatures decrease, melting, phase transitions, sintering by 15-20% (due to changes in the phonon spectrum) with increasing thermal expansion coefficient and heat capacity.

				Optical: change in the electromagnetic emission and absorption spectra, increased scattering, the ability to implement the "black body".

				Chemical: an increase in solubility (up to 20-25%) in acids, a decrease in the temperature of chemical reactions, the absence of an "induction" period.

			

		

		
			
				Fullerenes are amazing polycyclic structures of a spherical shape, consisting of carbon atoms linked in six and five-membered cycles. This is a new allotropic modification of carbon which structure unlike the previously known three modifications (diamond, graphite and carbyne) is not polymeric, but molecular. This means that fullerene molecules are discrete. 

			

		

		
			
				Properties of nanomaterials

			

		

		
			
				Structure of some carbon nanoparticles

			

		

		
			
				Fullerene C60

			

		

		
			
				Fullerene molecule
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					Keep in mind

				

			

		

		
			
				A nanometer is one-billionth of a meter, which is about one ten-thousandth the thickness of a human hair.
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				Carbon nanotube
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				Why are carbon nanotubes so strong?
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					Research time
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				Open in browser carbon nanotubes, boron nitride nanotubes. Watch videos. What are the differences between BN and Carbon nanotubes?
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				Graphene is a revolutionary material that opens up broad prospects. Graphene has many incredible properties. It is the most delicate and durable material known to man. It is an excellent heat and electrical conductor, even better than diamonds, copper and silver. It is ultralight, but at the same time 200 times stronger than steel, and, in addition, it is biodegradable, and therefore does not pose a threat to the environment.

				Graphene is a two-dimensional allotropic modification of carbon, formed by a layer of carbon atoms one atom thick, located in sp2 hybridization and connected by means of - and delocalized π-bonds into a hexagonal two-dimensional crystal lattice. 
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				Carbon nanotubes are new carbon material, which has a cylindrical structure with a diameter of the order of several nanometers, consisting of graphite planes rolled into a tube. Simply, carbon nanotubes are a rolled-up graphene sheet.

				Carbon nanotubes can vary in length, diameter, chirality (symmetry of a rolled graphite plane) and in the number of layers. They can have both semiconductor and metallic properties depending on the structure. 

				The main classification of nanotubes just goes according to the number of layers comprising them:

				- Single-layer nanotubes - the simplest type of nanotubes. Most of them have a diameter of about 1 nm with a length that can be thousands of times larger;

				- Multilayer nanotubes consisting of several layers of graphene, they are folded in the form of a tube. Between the layers, a distance of 0.34 nm is formed, that is, identical to the distance between the layers in a graphite crystal.

			

		

		
			
				Graphene

			

		

		
			
				Nanotubes

			

		

		
			
				Fullerene molecules can contain from 20 to 540 carbon atoms located on a spherical surface. The most stable and best known of these compounds is fullerene C60 (60 carbon atoms) consisting of 20 six-membered and 12 five-membered cycles.

				All carbon atoms in the С-60 fullerene molecule are in the sp2 hybridization state and are bonded to three other carbon atoms. Non-hybridized p-orbitals of carbon atoms are located perpendicular to the spherical surface, forming a p-electron cloud outside and inside the sphere.

				The carbon skeleton of the C60 molecule is a truncated icosahedron.
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					Chemfact
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				If you add 3 million sheets of graphene, you can get a thickness of about 1 mm.
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				Carbon nanotubes
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					Career
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				Nanotechnology experts use chemistry to research and synthesis of new materials on the scale of atoms.
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				nanomaterial - наноматериал;

				bulk material - сусымалы материал / сыпучие материалы; 

				fullerene - фуллерен;  

				icosahedron - икосаэдр;

				graphene - графен.
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					Terminology
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				Development of new polymers. 

				Applications of new materials

			

		

		
			
				13.6

			

		

		
			
				 

				- explain the importance of developing new polymers and composite materials;

				- evaluate the practical significance of new materials for the development of various areas of human activity.

			

		

		
			[image: ]
		

		
			
				You will
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				The importance of polymers in the life of modern society is enormous, and it is not necessary to convince anyone that the growth of production and consumption of polymers is one of the general directions of the development of the national economy. It is difficult to name any industry and transport, culture and life, agriculture and medicine, defense or space technology, where one could do without polymers, which here no longer act as substitutes for such traditional natural materials as metals, silicates, natural fibers or wood, as well as completely new materials with previously unknown properties. Recently, in terms of growth rates, the production of polymeric, technical-use materials has significantly exceeded the growth in the production of similar materials from natural raw materials. The economic efficiency of their production and use is also high. In this case, we are not talking about the opposition of one material to another, but assess the objective trend of the modern development of material resources of the near future of human society, whose needs cannot be fully satisfied only due to the natural resources of our planet. 

				The simple mechanical mixing of the materials is not changing properties of materials. Another thing, if one of the components is an additive containing nanoparticles. At present, the mechanisms of interaction of substances at the nanoscale level are being actively studied and technologies for creating materials with previously unattainable properties using nanoparticles are being developed. 

			

		

		
			
				Polycarbonates are hetero-chain polyesters of carbonic acid. The carbonate-based on diphenylol propane (diflon) is characterized by high strength and dielectric properties and the ability to retain properties over a wide range of temperatures. Molded products, ples and varnishes are made from polycarbonates.

			

		

		
			
				Methyl methacrylate copolymers are used for filters, caps and other products where transparency and increased durability are required. These copolymers differ from methyl methacrylate in their durability, enhanced physical and mechanical properties, heat resistance and high transparency.

				Polyacrylonitrile is a polymer of the acrylic and methacrylic acid groups. They are used for the manufacture of technical fabrics, as a filler of laminated plastics.

				Glacresite (GDR) - fiberglass based on glass fiber materials and cresol-formaldehyde polymers with the addition of 30% gypsum. It is used for making wavy sheets, plates, profile products, window covers, 

			

		

		
			
				The importance of polymers and materials

			

		

		
			
				New types of polymers
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				Polycarbonate plastic suitcases

			

		

		
			
				Greenhouse made of polycarbonate
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				Why are innovative and new materials needed for construction?

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				composite material - композициялық материал / композитный материал;

				polycarbonate - поликарбонат; 

				copolymer - сополимер;

				adhesion - адгезия; 

				film - қаптама / пленка.
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					Terminology
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				Melinex - oriented film of polyethylene terephthalate, or polyester plop. It combines such valuable qualities as mechanical strength and service resistance, dimensional stability, low water absorption, good electrical insulating properties, and chemical resistance. The film does not contain a plasticizer, it becomes brittle during aging and retains its properties at temperatures from —60 to + 150°C. The film is amenable to lamination, metallization, varnishing, painting, embossing, and stamping, and therefore is widely used in almost all industries.

				Ankolab is used for prefabricated construction of rolled polymeric materials. It has high thermo-acoustic insulation, full corrosion resistance. It is made by the method of rolling on the basis of dense phenolic polymers coated on the outer sides with melamide films. Used for the construction of various buildings and structures for the manufacture of partitions, cabinets and box elements.

				Sommer is a polymeric wall covering based on polyvinyl chloride. It is a decorative, soft, easy-to-install, washable and uniform coating. Applied in homes, hotels, restaurants, shops, schools, etc.

			

		

		
			
				etc. Glacresite has high corrosion resistance, fire resistance and is well processed.

				Iso-concrete is manufactured on the basis of polyurethane foam and expanded perlite lined with various materials: wood, ceramics, etc. It has fire resistance and moisture resistance, it is easily processed. Used to fill the panels, walls, and partitions.

				Rulopit - facing material for walls based on PVC has high decorative and hygienic qualities.

				Sadurite is a material based on polymers of epoxy, phenol-formaldehyde, etc. It is used as a binder for the manufacture of floors for concrete, wood, stone, and metal. Hardened material has good adhesion, increased chemical resistance, dustlessness, resistance to increased mechanical stress and effective types.

				Terodur is a dispersion of inorganic pigments, aggregates in a solution of unsaturated polyesters in organic solvents. Available in 8 colours and used for the manufacture of seamless colour flooring for interior work.

			

		

		
			
				Polyacrylonitrile fibers

			

		

		
			
				Modern interior with rulopit wall panels

			

		

		
			
				White glacresite glass fiber com-posite raw material

			

		

		
			
				Terodur mosaic plaster

			

		

		
			
				Gray iso-concrete cinder block
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				1. What are the most interesting new materials?

				2. What are the new materials used to build solar panels?

				3. Can machine (Artificial intelligence) learning help us synthesize new materials?
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				Literacy
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				Questions and problems

			

		

		
			
				1. What are alkaloids? 

				2. What are neurotransmitters and how do they differ from hormones?

				3. What is the function of hormones in the body?

				4. What are some physiological effects of low levels of dopamine?

				5. Calculate the molecular mass of aspirin.

				6. What is material science?

				7. What is the simplest method to synthesize graphene oxide?

				8. What is graphene? Where is graphene used?

				9. Who first synthesized aspirin? How does aspirin work?

				10. How to synthesize medicine from plants? Why medicines synthesized from plants?

				11. How medicines affect the human body? Why some medicines are taken empty stomach?

				12. Why is drug development so expensive and difficult?

				13. What are the nanomaterials and how are they made? Where are nanoparticles used?

				14. What are nanoscience and nanotechnology? Why is nanotechnology important?

				15. Calculate the molecular mass of fullerene C60, C72, C78?
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				14.1 12 principles of “Green chemistry”

				14.2 Ozone depletion. Global warming

				Questions and Problems
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				Forests are the lungs of the Earth.
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				principles of “Green chemistry”

			

		

		
			
				14.1

			

		

		
			
				Green chemistry is a specific branch of chemistry.

				1. Prevent loss before processing residues.

				2. The selection of synthetic methods is obliged to take into account the complete processing of the material.

				3. Qualitative selection of synthesis methods should be made taking into account certain factors of the substance and the effect of these on the environment.

				4. Productivity should maintain the tempo of work and productivity, but the level of toxicity should decrease.

				5. The process uses reagents, solvents and separating agents. In this case, it is advisable to restrict their use and make them harmless or remove if there is such a possibility.

				6. It is necessary to take into account the cost of energy and how it affects the price of the products. The synthesis should be carried out at ambient temperature and pressure.

				7. Initial and consumed materials must be renewable whenever it is technically and economically beneficial.

				8. Avoid intermediates (blocking groups, attaching, unprotecting and etc.)

				9. Always give preference to catalytic processes (as selective as possible)

				10. The chemical product must not remain in the environment and is decomposed into safe products after its use.

				11. To monitor the production of hazardous substances analytical methodologies need to be developed.

				12. The level of security must be high during the process of selection of substances in industrial production.

			

		

		
			
				Pollution is an unfavorable change in the environment, which is a secondary effect of human activity, bringing new non-characteristic physical, chemical and biological components to the environment. The atmosphere, hydrosphere, and lithosphere are objects of pollution. 

				The development of natural resources, construction and mining, the production of mineral fertilizers and their use in agriculture, the development of the chemical industry, all of this has a harmful effect on the biosphere as a whole.

				For example, the use of pesticides in agriculture affects the hydrosphere and lithosphere: pesticides are difficult to destroy, accumulate in the soil and pollute it, which leads to the death of not only harmful organisms, but also useful for the soil.

				Acid rain is very dangerous for the biosphere. Precipitation, the acidity of which is higher than normal, associated with emissions of sulfur dioxide, carbon dioxide, hydrogen sulfide, and nitrogen oxides.

			

		

		
			
				12 principles of “Green chemistry”

			

		

		
			
				Environmental pollution

			

		

		
			
				 

				- know 12 principles of “Green chemistry”;

				- explain the scale of the atmosphere, hydrosphere and lithosphere pollutions.
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				You will
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				What would happen if we removed cars from cities?
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				Chemfact
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				Yves Chauvin, Robert H. Grubbs and Richard R. Schrock won the 2005 Nobel Prize in chemistry for work that reduces hazardous waste in creating new chemicals.
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					Research time
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				Open in browser water pollution. Watch a video and read the articles. What are the main causes of water pollution?
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				solvent - еріткіш / растворитель; 

				preference - артықшылық / предпочтение;

				pollution - ластану / загрязнение; 

				precipitation - жауын-шашын / атмосферные осадки;

				environment - қоршаған орта / окружающая среда.
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					Terminology
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				Air pollution in Warsaw, Poland

			

		

		
			
				Water pollution in Raja Ampat, Indonesia. 
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				River like blood in Roxian, China 
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					Chemistry around us
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				The 10 most air-polluted cities in the world

			

		

		
			
				Source: World Health Organization, 2017

			

		

		
			
				
					City 

				

				
					Country

				

				
					Gwalior

				

				
					India

				

				
					Allahabad

				

				
					India

				

				
					Al Jubail

				

				
					Saudi Arabia

				

				
					Pasakha

				

				
					Bhutan

				

				
					Raipur

				

				
					India

				

				
					Novi Sad

				

				
					Serbia

				

				
					Delhi

				

				
					India

				

				
					Ludhiana

				

				
					India

				

				
					Cairo

				

				
					Egypt 

				

				
					Khanna

				

				
					India
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					Chemfact
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				Zurich (the largest city in Switzerland) is the cleanest city in the world. 
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				1. List the main water pollutants.

				2. List the air pollutants.

				3. How to solve the air pollution problem?

				4. List the manmade and natural causes of soil pollution.
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				Literacy
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					Activity

				

			

		

		
			
				Look at this list of words and phrases. Fill in the blank.

				Carbonic acid, sulfur, coal, oil, air pollution, pH level, acid rain

				1. …………………. usually forms high in the clouds where sulfur dioxide and nitrogen oxides react with water. 

				2. We burn fuels such as ……………. to produce energy.

				3. The …………………... industry is a very important industry in the world.

				4. ……………………………. occurs when the air contains substances that can affect or even cause harm to humans, animals or the wider environment.

				5. High ………………... (9-14) can harm fish by denaturing cellular membranes.

				6. About 99% of the …………... dioxide in the air comes from human sources.

				7. ............................ is a weak acid that's formed from the reaction of carbon dioxide dissolved in water.
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					Research time
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				Open in browser Greenhouse effect Phet. Are global warming and the greenhouse effect the same thing?
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				Ozone depletion. Global warming

			

		

		
			
				14.2

			

		

		
			
				The ozone layer is one of the uppermost layers of the Earth’s atmosphere. Despite its thickness, it protects the flora and fauna of the Earth from harmful ultraviolet rays, emanating from the Sun. But this does not mean that it fully reflects the Sun’s rays, it reduces the radiation by about 6500 times making them relatively harmless.

				Ozone depletion is the formation of ozone holes through which ultraviolet rays penetrate.

				Ozone depletion leads to the penetration of excessive amounts of ultraviolet rays to the surface of the Earth, which may have the following consequences:

				• To human: skin cancer, eye cataracts, sunburn, conjunctivitis, skin aging, immune system disorders, also affect lifetime;

				• To aquatic ecosystems: inhibits the development of phytoplankton, causes of disturbances in the early stages of development in fish, shrimps, crabs, amphibians and other marine animals;

				• To plants: negatively affect the growth of land plants, although some of them are able to adapt to increased levels of radiation;

				Causes of ozone depletion:

				Human activity greatly affects the ozone depletion and the appearance of holes in it. For example, they are formed when launching rockets. Airplane flying at a height of 12-16 km also contribute to ozone depletion. Including the greenhouse effect, cattle breeding, industrial emissions of harmful substances and etc.

				The release of freon into the atmosphere. If we talk about substances that contribute to ozone depletion, then freons are the most effective of them. Freons are gases that do not react with any substances at the surface of the planet. Rising into the upper atmosphere, freon reacts with ozone, turning it into oxygen, thus occurs ozone depletion.

				Also dangerous for the ozone layer is methane. The main producer of methane is a lot of cattle farms.

			

		

		
			
				Increasing the carbon dioxide concentration in the air is associated with the greenhouse effect, which is occurred in the heating of the inner layers of the Earth’s atmosphere. This is because the atmosphere transmits most of the radiation from the Sun. Part of the rays is absorbed and heats the Earth’s surface after it heats the atmosphere. Another part of the rays is reflected from the Earth’s surface and this radiation is absorbed by carbon dioxide molecules, which contributes to the increasing average temperature of the Planet.

				Consequences of the greenhouse effect:

				1. If the temperature on Earth continues to rise, it will have a serious impact on the global climate.

				2. In the tropics will be more rainfall, as additional heat will increase the water vapor content in the air.

				3. In dry areas, rains will become even rarer and they will turn into 

			

		

		
			
				Ozone depletion

			

		

		
			
				Greenhouse effect

			

		

		
			
				 

				- study the causes of ozone depletion;

				- predict the consequences of the “greenhouse effect”;

				- distinguish between the problems of the “greenhouse effect” and ozone depletion;

				- evaluate solutions to global problems.
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				You will
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				How volcanoes affect climate change?
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					Research time
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				Open in browser weforum.org. Choose a tab Environment. Make a presentation about Climate change. 

			

		

		
			
				The ozone layer protects us from potentially harmful ultraviolet (UV) radiation
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				Specific ways to overcome global problems have not yet been found, but to solve them, it is necessary to subordinate human activity to interests of human survival, preservation of the natural environment and creation of favorable living conditions for future generations.

				The main ways to solve global problems:

				• Formation of environmental awareness in society;

				• The development of new technologies and ways of interacting with the environment: non-waste production, resource-saving technologies, an alternative energy source (sun, wind, etc);

				• Reasonable self-restraint in the use of natural resources, especially energy sources (oil, coal), which are essential for the life of mankind;

				• Combining the efforts of all countries to save nature.

			

		

		
			
				Solutions to global problems

			

		

		
			
				deserts, as a result, people and animals will have to leave them.

				4. Sea temperatures will also increase, leading to flooding of the coastal areas and increasing in the number of strong storms.

				5. Residential land will be reduced.

				6. The water-salt balance of the ocean will be disturbed.

				7. If the temperature on Earth rises, many animals will not be able to adapt to climate change.
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					Chemistry around us
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				Increasing temperature leads to the melting of glaciers, which contributes to rising in the level of the waters of the World Ocean and leads to flooding of the coasts of continents and islands. The increases in the number of floods indicate that the level of ocean waters is increasing every year.
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					Chemfact
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				In 1985, ozone levels over Antarctica were indeed found to be decreasing and had dropped to the lowest ever observed; by the year 2000, the ozone hole extended to Chile.
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				1. Why ozone depletion hole is bigger in Antarctica than other parts of the world?

				2. In the atmosphere, ozone gas may be produced by the ionization of oxygen gas.

				- Write the balanced equation of this reaction.

				- When 1,200,000 m3 of oxygen is ozonolysis how many liters of O3 will be produced at STP?

				3. What is the main function of the ozone layer?

				4. What are the causes of ozone depletion? Offer solutions to protect the ozone layer.

				5. Draw a simple diagram to show Global warming.

				6. Name “greenhouse effect” gases. How they contribute to the “greenhouse effect”?
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				Literacy

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				ozone depletion - озонның бүлініп азаюы / истощение озонового слоя;

				eye cataracts - көз катаракты / катаракта глаз; 

				sunburn - күнге күю / загар; 

				effort - күш / усилие;

				greenhouse effect - жылыжай эффекті / парниковый эффект.
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					Terminology
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				Questions and problems

			

		

		
			
				1. Why is ozone gas so reactive?

				2. Why ozone depletion hole is bigger in Antarctica than other parts of the world?

				3. Write the physical properties of ozone.

				4. In the atmosphere, ozone gas may be produced by the ionization of oxygen gas.

				- Write the balanced equation of this reaction.

				- When 500,000 m3 of oxygen is ozonolysis how many liters of O3 will be produced at STP?

				5. How is a molecule of ozone different from a molecule of atmospheric oxygen?

				6. What are the causes of the depletion of the ozone layer?

				7. How do CFCs destroy the ozone layer?

				8. What type of atom in the CFC molecule is most destructive to the ozone?

				9. In which layer of atmosphere does the ozone layer?

				10. What is the function of the ozone layer?

				11. Write a short note on diseases caused by air 

				pollution.

				12. How is acid rain produced? How are aquatic animals affected by acid rain?

				 

				13. What are the major water pollution problems in rivers and lakes?

				14. What are the major water pollution problems affecting oceans?

				15. What causes groundwater pollution and how can it be prevented?

				16. List 6 categories of water pollutants.

				17. How much freshwater on the Earth? 

				18. Why is soil pollution so dangerous? What can we do to solve this problem? 
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				ANSWERS
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				CHAPTER 1

				2. a, d, e, h

				3. 2.95 g

				4. 68.92 L

				5. 123.4 g

				6. CnH2n-6

				7. C7H8

				8. C10H14

				9. 

				 

				10. 

				C6H6 + 3Cl2 → C6H6Cl6

				2C6H5-CH3 + 18O2 → 14CO2 + 8H2O

				C6H6 + CH3Cl → (cat. AlCl3) → C6H5CH3 + HCl

				2C10H14 + 17O2 → 20CO2 + 14H2O

				11. C6H6 + HO-NO2 → C6H5-NO2 + H2O

				12. 563.5 L

				13. 70%

				14. 

				 

				15. chlorobenzene; o-xylene; 1,3,5-trimethylbenzene; naphthalene; phenol; aniline

				16. 

				 

				17. I and II

				CHAPTER 2

				1. 

				2. o-nitrotoluene; 3,5-dinitrotoluene; o-nitrocumene; 1-bromo-2,6-dinitro-4-(chloromethyl)benzene

				3. 

				4. 

				5. catechol; 4-nitro-5-methylphenol; 4-methyl-benzenetriol

				6. benzyl alcohol; phenylethyl alcohol; 3-hydroxybenzyl alcohol

				7. methylcyclohexane; butylcyclopentane; 1-ethyl-2-propylcyclopentane; methylcyclobutane

				8. 

				9. 1,2-dimethylheaxane; cyclopentane; cyclooctane; 1-propyl-2-butylcyclohexane

				10. piperidine, pyrrolidine, pyridine, pyrrole

				11. naphthalene, phenanthrene, anthracene

				12. 

				CHAPTER 3

				2. 

				 

				3. 

				 

				4. 3-methylpentanone-2, 4-methylpentanone-2
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				5. 

				6. ethanol; 2-methylbutanol

				7. C4H8O

				8. Mr = 58 g/mol

				9. a.formaldehyde; b.butanal; c.2-methylpropanal

				10. 

				CH3CH2CH2CH2-CHO + 2Ag(NH3)2OH → CH3CH2CH2CH2-COOH + 2Ag + 4NH3↑ + H2O

				CH3CH2CH(CH3)-CHO + 2Ag(NH3)2OH → CH3CH2CH(CH3)-COOH + 2Ag + 4NH3↑ + H2O

				11. 

				 

				 

				13. 

				 

				 

				14. 

				CH3CH2CHO + 2Ag(NH3)2OH → CH3CH2-COOH + 2Ag + 4NH3↑ + H2O

				CH3(CH2)4CHO + 2Ag(NH3)2OH → CH3(CH2)4-COOH + 2Ag + 4NH3↑ + H2O

				15. 

				2CH3CH2COOH + K2CO3 → 2CH3CH2COOK + CO2↑ + H2O

				C2H5COOH + NaOH → C2H5COONa + H2O

				2CH3COOH + Ca → (CH3COO)2Ca + H2↑

				CH3COOH + CH3OH → CH3COOCH3 + H2O

				16. HCOOH

				17. 

				CH3COOH + CH3-CH(CH3)-OH → CH3COOCH(CH3)-CH3 + H2O

				HCOOH + CH3-CH2-CH2-OH → HCOOCH2-CH2-CH3

				C6H5COOH + C2H5-OH → C6H5COOC2H5 + H2O

				18. 

				CH3CH2COOCH3 - methyl propanoate

				CH3COOC2H5 - ethyl formate

				C6H5COOC3H7 - propyl benzoate

				CH3CH(CH3)-COOCH3 - methyl isopropylate

				CHAPTER 4

				1.

				CH3-N(CH3)-CH3 - trimethylamine

				CH3-NH-CH2CH3 - methylethylamine

				H2N-(CH2)2-NH2 - ethylenediamine

				(CH3CH2)2NH - diethylamine

				2. C3H9N

				3. CH3-NH2

				CH3-N(C2H5)-CH3

				CH3-N(C2H5)-CH3

				CH3-CH2-(NH2)C(CH3)-CH2-CH2-CH3

				5. 

				NH3+ HCl → NH4Cl

				4NH3 + 3O2 → 2N2↑ + 6H2O

				CH3NH2 + HCl → [CH3NH3]+Cl-

				4CH3NH2 + 9O2 → 4CO2↑ + 10H2O + 2N2↑

				C6H5NH2 + HCl → [C6H5NH3]Cl 

				4C6H5NH2 + 31O2 → 24CO2↑ + 14H2O + 2N2↑

				6. C2H5-

				7. R-NH2 + H2O ↔ [R-NH3]+ + OH-

				8. 

				C6H6 + HNO3 → C6H5NO2 + H2O

				C6H6 + HNO3 → C6H5NO2 + H2O; C6H5NO2 (Sn+HCl) → C6H5NH2 

				9. 

				C6H5-NO2 (Fe+HCl) → C6H5NH2 

				C6H5-NH3Cl+ + NaOH → C6H5-NH2 + NaCl + H2O

				C6H5Cl + 2NH3 → C6H5NH2 + NH4Cl

				10.

				11. w(N)=8.48%

				12. 

				w(N)=11.55%, w(S)=26.41%

				w(N)=9.38%, w(S)=21.45%

				w(N)=11.65%, w(S)=26.63%

				14. Mr=132 g/mol

				15. 77

				16.

				--> Gly-Ala-Cys

				17. 

				CH2(NH2)-COOH + HBr → CH2(NH3+Cl-)-COOH 

				CH3-CH(CH3)-CH2-CH2(NH2)-COOH + HCl → CH3-CH(CH3)-

				CH2-CH2(NH3+Cl-)-COOH

				CH3-CH(NH2)-COOH + NaOH → CH3-CH(NH2)-COONa + H2O 
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				NH2-(CH2)4-CH(NH2)-COOH + KOH → NH2-(CH2)4-CH(NH2)-COOK + H2O

				C6H5-CH2-CH(NH2)-COOH + C2H5OH → C6H5-CH2-CH(NH2)-COOC2H5 + H2O

				HOOC-CH2-CH(NH2)-COOH + 2NaOH → NaOOC-CH2-CH(NH2)-COONa + 2H2O 

				18. Val-Gly-Ala-Leu + 3H2O → Val + Gly + Ala + Leu

				CHAPTER 5

				4. Mr = 180 g/mol

				5. C

				6. E

				7. A

				8. D

				9. A

				10. C

				11. C

				12. B

				13. A

				14. E

				16. 49

				19. Val-Lys-Pro, Val-Pro-Lys, Pro-Val-Lys

				CHAPTER 6

				2. 2000

				3. 

				 

				4. polystyrene

				5. Mr=6600000 g/mol

				7. CH2=CH-O-C(O)-CH3

				9. poly(chloro metacrylate), poly-N-vinylacetamide

				10. 

				11. ethylene, polyethylene

				13. Mr=151200 g/mol

				14. 

				15. m(adipic acid)=646.637 kg, m(hexamethylenediamine)= 514.203 kg

				CHAPTER 7

				1. -CHO, -NH2, -OH, C=O, -CHO, -OH, -COOH, -O-, C=O, -COOH, -NH2, C=O

				2. -OH, -NH

				3. C=O, -NH, -OH, -NH, -COOH

				4.

				a) A: (CH3)2CHBr; B: CH3-CBr2-CH3; C: CH=C-

				CH3(propyne)

				D: CH3C=CAg (silver propynide)

				b) A: (CH3)2CHCl (AlCl3); B: Br2 (toC); C: NaOH, alcohol solution; D: KMnO4, H2SO4, toC

				c) A: CH3-CH(Cl)-CH3; B: (CH3)2CH-CH(CH3)2

				C: (CH3)2CBr-CH(CH3)2; D: (CH3)2CBr-CBr(CH3)2

				E: (CH3)2C(OH)-C(OH)(CH3)2

				d) A - C6H12O6; B - C2H5OH; C - CH3COOH; 

				D - CH2ClCOOH; E - CH2(OH)-COONa

				CHAPTER 8

				1. +2, +4

				2. a) 2PbS + 3O2 → 2PbO + 2SO2↑

				 PbS + 2PbO → 3Pb + SO2↑

				 b) 2PbO + C → 2Pb + CO2↑

				3. Galena PbS, cerussite PbCO3, anglesite PbSO4, cassiterite SnO2. 

				6. 82Pb: 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6 4f14 5d10 6s2 6p2 

				82Pb4+: 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2 5p6 4f14 5d10

				50Sn2+: 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 4d10 5s2

				7. +4

				8. Ge < Sn < Pb.

				9. Si4+ < Ge4+ < Sn4+

				10. CO2 + H2O ↔ H2CO3 GeO2 + H2O ↔ H2GeO3

				SnO2+ H2O → no reaction PbO2 + H2O → no reaction

				11. b) CO2

				12. C > Si > Ge > Sn < Pb.

				15. Pb3O4

				16. (C2H5)Pb

				18. 5Sn(s) + 12HNO3(aq) → 5Sn(NO3)2(aq) + N2(g) + 6H2O(l)

				Pb(s) + NaOH(conc) + 2H2O(l) → Na[Pb(OH)3](aq) + H2(g)

				2SiC(s) + 5Mg(s) → 2Mg2Si(s) + MgC2(s)

				Ge(s) + 4HNO3(conc) → GeO2(s) + 4NO2(g) + 2H2O(l)	

				3C(s) + 8H2SO4(conc) + 2K2Cr2O7(aq) → 3CO2(g) + 2Cr2(SO4)3(aq) + 2K2SO4(aq) + 8H2O(l)

				19. 12.88 g Sn(NO3)2 

				20. w(NaOH)=0.883%, w(Na2CO3)=9.36%

				21. 385.5 g HNO3 solution

				CHAPTER 9

				1. same; H2SO4

				2. 12.12 g KNO3, 448 g NH4NO3, 51.2 g SO2, 46.74 g H2S2O3

				3. 0.025 mol sodium sulfate, 1.413 mol nitric acid, 176.47 mol ammonia, 481.48 mol dinitrogen pentaoxide

				4. H2S

				5. N2 + O2 → 2NO↑

				2H2S + O2 → 2S + 2H2O

				2NO + O2 → 2NO2↑

				2SO2 + O2 → 2SO3↑

				7. NH4NO3 → N2O↑ + 2H2O

				8. acidic, neutral, acidic, neutral, acidic

				9. w(H)=1.754%, w(S)=56.14%, w(O)=42.11%

				10. 0.25 M
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				11. N2O, Ca(NO3)2

				13. BaSO4, AgCl, PbI2

				14. 44.8 g Ba(NO3)2

				15. ŋ=93.4%

				16. 0.12 mol, 0.24 g H2

				17. 42.89 L HCl

				CHAPTER 10

				1. HNO3 + H2O ↔ H3O+ + NO3-

				HBr + H2O ↔ H3O+ + Br-

				H2O + NH3 ↔ NH4+ + OH-

				HNO2 + PO43- ↔ NO2- + HPO42-

				2. H2SO4 ↔ 2H+ + SO42-

				H2SO4 + H2O ↔ H3O+ + HSO4-

				 H2SO4 + NH3 ↔ NH4HSO4

				4. [OH-]=3,226×10-9

				5. pH=11.73

				6. pH=13.64

				7. pH=12.04

				8. pH=13.40, pOH=0.60

				9. 12.5 mL

				10. 0.0923 M

				11. 0.271 M

				12. 0.624 M

				13. pH=5.71

				14. pH=9.56

				15. pH=9.48

				16. pH=9.52

				17. pH=4.41

				CHAPTER 11

				2. Ag, Cu, Au, Pt, Rh, Os, Pd, etc

				3. S2-, SO42-, CO32-, Cl-, SiO32-

				4. NaBr, CuSO4, Al2O3, ZnSO4 

				5. in cathode: 2K+ + 2e- → 2K0

				6. 

				2Al2O3 → 4Al + 3O2

				2Al + Cr2O3 → Al2O3 + 2Cr

				2CuSO4 + 2H2O → 2Cu + O2 + 2H2SO4

				PbSO4 + PbS → 2Pb + 2SO2

				8. Fe3O4-magnetite, Fe2O3-hematite, FeCO3-siderite, FeS2-pyrite 

				12. 2ZnS + 3O2 → 2ZnO + 2SO2 

				ZnO + H2SO4 → ZnSO4 + H2O

				2ZnSO4 + 2H2O → 2Zn + O2 + 2H2SO4

				13. ΔHo1200=-878.26 kJ/mol, ΔSo1200=-0.648 kJ/(mol×K)

				14. 

				a) 2PbS + 3O2 → 2PbO + 2SO2

				S2- -2e- → S4+ 

				O20 +4e- → 2O2-

				PbS - reducing agent; O2 - oxidizing agent

				b) PbS + 2PbO → 3Pb + SO2

				S2- -2e- → S4+

				Pb2+ +2e- → Pb0

				PbS - reducing agent; PbO - oxidizing agent

				15. equal

				16. m(Ni) = 33.26 g

				17. m(Pb) = 459.097 kg

				18. m(SO2) = 180 t

				19. m(Na) = 117.95 kg

				CHAPTER 12

				1. Co - [Ar] 3d7 4s2

				Ni - [Ar] 3d8 4s2

				Au - [Xe] 6s2 4f14 5d9

				Cu - [Ar] 3d5 4s1

				Zn - [Ar] 3d10 4s2

				2. Zn - 1s2 2s2 2p6 3s2 3p6 3d10 4s2

				Zn2+ - 1s2 2s2 2p6 3s2 3p6 3d10 4s0

				4. m(Cu) = 112.4 g

				5. m(Cr) = 183.8 g

				6. N(Zn) = 1.785×1024

				7. N(Ta) = 8.6735×1023

				8. m(Fe) = 18 g

				9. w(Ag) = 68.9%

				10. 

				3Cu + 8HNO3(dil) → 3Cu(NO3)2 + 4H2O + 2NO

				3MnO2 + 4Al → 2Al2O3 + 3Mn

				2Cr2(SO4)3 + 2H2O [electrolysis] → 4CrSO4 + O2 + 2H2SO4

				2KMnO4 + 16HCl → 2MnCl2 + 2KCl + 8H2O + 5Cl2

				8HNO3 + CuS → CuSO4 + 4H2O + 8NO2

				11.

				K2[PtBr6] - potassium hexabromidoplatinate (IV)

				K3[Fe(CN)6] - potassium hexacyanoferrate (III)

				[Co(NH3)4Cl2]Cl - tetraamminedichloridocobalt (III) chloride

				K2[HgCl4] - potassium tetrachloridomercurate (II)

				12. 

				K3[CoCl6] - potassium hexachloridocobaltate (III)

				[Pd(NH3)3Cl3] - triamminetrichloridoplatinum (III)

				[Co(NH3)6]Cl3 - hexaamminecobalt (III) chloride

				K4[Fe(CN)6] - potassium hexacyanoferrate (III)

				K2[Cu(CN)4] - potassium tetracyanocuprate (II) 

				13. 

				CuCl2 + 4NH3 + 4H2O → [Cu(NH3)4]Cl2 + 4H2O

				CrCl3 + 6H2O → [Cr(H2O)6]+ + 3Cl-

				FeCl2 + K3[Fe(CN)6] → KFe[Fe(CN)6] + 2KCl

				[Cu(NH3)4]SO4 + 4HCl → CuSO4 + 4NH4Cl
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				A

				Acid rain - precipitation having a pH value of less than about 5.0, which has adverse effects on the fauna and flora on which it falls.

				Acid – 1. a type of compound that contains hydrogen and dissociates in water to produce positive hydrogen ions. 2. a proton donor (In the Lowry–Brønsted theory). 3. a compound or atom that can accept a pair of electrons (Lewis theory).

				Acid strength - the strength of an acid is related to its acidity constant, Ka or to its pKa. The larger the value of its Ka or the smaller the value of its pKa, the stronger is the acid.

				Active site - the location in an enzyme where a substrate binds.

				Aerogel – is a synthetic porous ultralight material derived from a gel, in which the liquid component for the gel has been replaced with a gas.

				Aldehyde – any of a class of organic compounds containing the group −CHO, which yields acids when oxidized and alcohols when reduced. 

				Alkali metals - elements of group 1 in the

				Periodic table.

				Alkaline earth metals – the heaviest members

				of group 2 in the Periodic table: lithium, sodium,

				potassium, rubidium, cesium, and francium.

				Alkalis – any of various bases, the hydroxides

				of the alkali metals and of ammonium that

				neutralize acids to form salts and turn red litmus

				paper blue.

				Alkaloid – any of a large class of organic, nitrogen-containing ring compounds of vegetable origin and sometimes synthesized, some of which are liquid but most of which are solid, that have a bitter taste, that are usually water-insoluble and alcohol-soluble, that combine with acids without the loss of a water molecule to form water-soluble hydrochlorides, hydrobromides, or the like, and that usually exhibit pharmacological action, as nicotine, morphine, or quinine.

				Allotrope - any of two or more physical forms in which an element can exist diamond and graphite are allotropes of carbon.

				Alloys – a substance composed of two or more metals, 

				or of a metal or metals with a nonmetal, intimately mixed, as by fusion or electrodeposition.

				Alpha (α) helix - a secondary structure in proteins where the polypeptide chain is coiled in a right-handed helix.

				Amines – any of a class of compounds derived from ammonia by replacement of one or more hydrogen atoms with organic groups.

				Amino acids – any of a class of organic compounds that contains at least one amino group, –NH2, and one carboxyl group, –COOH: the alpha-amino acids, RCH(NH2)COOH, are the building blocks from which proteins are constructed.

				Arene – is a hydrocarbon with sigma bonds and delocalized pi electrons between carbon atoms forming a circle.

				Asymmetric – 1. having an unsymmetrical arrangement of atoms in a molecule. 2. noting a carbon atom bonded to four different atoms or groups.

				ATP – adenosine triphosphate: an ester of adenosine and triphosphoric acid, C10H12N5O4H4P3O9, formed especially aerobically by the reaction of ADP and an orthophosphate during oxidation, or by the interaction of ADP and phosphocreatine or certain other substrates, and serving as a source of energy for physiological reactions, especially muscle contraction.

				B

				Base – a compound that reacts with an acid to form a salt, as ammonia, calcium hydroxide, or certain nitrogen-containing organic compounds.

				Benedict’s reagent – a mixture of copper (II) sulfate and a filtered mixture of hydrated sodium citrate and hydrated sodium carbonate – is added to the test solution and boiled.

				Biodegradation – transformation of a substance into new compounds through biochemical reactions or the actions of microorganisms such as bacteria or, alternatively, biodegradation is the process by which microbial organisms transform or alter (through metabolic or enzymatic action) the structure of chemicals introduced into the environment.

				Boiling point - the temperature at which the vapor 
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				pressure of a liquid is equal to the pressure of the atmosphere on the liquid, equal to 100°C for water at sea level.

				Brønsted–Lowry acid-base - in this theory an acid is a substance that can donate (or lose) a proton; a base is a substance that can accept (or remove) a proton. The conjugate acid of a base is the molecule or ion that forms when a base accepts a proton. The conjugate base of an acid is the molecule or ion that forms when an acid loses its proton.

				Buffer – any substance or mixture of compounds that, added to a solution, is capable of neutralizing both acids and bases without appreciably changing the original acidity or alkalinity of the solution.

				C

				Carbide - a compound of carbon with a more electropositive element or group. For example: CaC2, MgC2, Al4C3, ZrC, NbC, TiC, etc.

				Carbohydrate – any of a class of organic compounds that are polyhydroxy aldehydes or polyhydroxy ketones, or change to such substances on simple chemical transformations, as hydrolysis, oxidation, or reduction, and that form the supporting tissues of plants and are an important food for animals and people.

				Carbon nanotube – also called buckytube, nanoscale hollow tubes composed of carbon atoms. The cylindrical carbon molecules feature high aspect ratios (length-to-diameter values) typically above 103, with diameters from about 1 nanometer up to tens of nanometers and lengths up to millimeters. 

				Carboxylic acid – any organic acid containing one or more carboxyl groups.

				Cast iron – an alloy of iron, carbon, and other elements, cast as a soft and strong, or as a hard and brittle, iron, depending on the mixture and methods of molding.

				Catalyst – a substance that alters the velocity

				of a chemical reaction and may be recovered

				essentially unaltered in form and amount at the

				end of the reaction.

				Cement – any of various calcined mixtures of clay and limestone, usually mixed with water and sand, gravel, etc., to form the concrete that is used as a building material.

				Ceramics – is a solid material comprising an inorganic compound of metal, non-metal or metalloid atoms primarily held in ionic and covalent bonds.

				Chemical equilibrium – a condition in which a

				chemical reaction is occurring at equal rates in

				its forward and reverse directions so that the

				concentrations of the reacting substances do not

				change with time. Also known as equilibrium.

				Contact process - a catalytic method for producing sulfuric acid from sulfur dioxide and oxygen.

				Coordination compound – a compound in which independently existing molecules or ions of a nonmetal (complexing agent) form coordinate bonds with a metal atom or ion.

				Coordination number – the number of coordinated species surrounding the central atom in a complex or crystal.

				Cycloalkane – any of the homologous series of saturated, alicyclic hydrocarbons having the general formula CnH2n.

				D

				Detergent – any of a group of synthetic, organic, liquid or water-soluble cleaning agents that, unlike soap, are not prepared from fats and oils, are not inactivated by hard water and have wetting-agent and emulsifying-agent properties.

				Diamond - a pure or nearly pure, extremely hard form of carbon, naturally crystallized in the isometric system.

				Disaccharide - a carbohydrate that, on a molecular basis, undergoes hydrolytic cleavage to yield two monosaccharide molecules.

				Dissociation degree – the fraction of a mole of the reactant that underwent dissociation.

				DNA – deoxyribonucleic acid: an extremely long macromolecule that is the main component of chromosomes and is the material that transfers genetic characteristics in all life forms.

				Drug – a chemical substance used in the treatment, cure, prevention, or diagnosis of a disease or used to otherwise enhance physical or mental well-being.
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				E

				Electron configuration – the arrangement of electrons in the orbitals of an atom or molecule.

				Enzyme – any of various proteins, as pepsin, originating from living cells and capable of producing certain chemical changes in organic substances by catalytic action, as in digestion.

				Equilibrium constant, Keq - a constant that expresses the position of an equilibrium. The equilibrium constant is calculated by multiplying the molar concentrations of the products together and then dividing this number by the number obtained by multiplying together the molar concentrations of the reactants.

				Ester – a compound produced by the reaction between an acid and an alcohol with the elimination of a molecule of water, as ethyl acetate.

				Esterification - the synthesis of an ester, usually involving reactions of carboxylic acids, acid chlorides, or acid anhydrides with alcohols.

				Explosion – a chemical reaction or change of state which is effected in an exceedingly short space of time with the generation of high temperature and a large quantity of gas.

				F

				Fats – any of several white or yellowish greasy substances, forming the chief part of adipose tissue of animals and also occurring in plants, that when pure are colourless, odourless, and tasteless and are either solid or liquid esters of glycerol with fatty acids.

				Fatty acid – any of a class of aliphatic acids, especially palmitic, stearic, or oleic acid, consisting of a long hydrocarbon chain ending in a carboxyl group that bonds to glycerol to form fat.

				Fehling’s test – a chemical test to detect reducing sugars and aldehydes in solution, devised by the German chemist H. C. von Fehling.

				Fermentation – a change brought about by a ferment, as yeast enzymes, which convert grape sugar into ethyl alcohol.

				Fertilizer - any substance used to fertilize the soil, 

				especially a commercial or chemical manure.

				Friedel–Crafts acylation - installation of an acyl

				group on a benzene ring by electrophilic aromatic substitution using an acylium ion as the electrophile (generated in situ using a Lewis acid).

				Friedel–Crafts alkylation - installation of an alkyl group on a benzene ring by electrophilic aromatic substitution using an alkyl carbocation as the electrophile (generated in situ using a Lewis acid).

				Fullerene – any of a class of molecules of carbon having a roughly spherical shape.

				Functional group – a group of atoms responsible for the characteristic behavior of the class of compounds in which the group occurs, as the hydroxyl group in alcohol.

				G

				Genetic code - the correspondence of specific three-base sequences in mRNA (codons) that each code for a specific amino acid. Each codon pairs with the anticodon of a specific tRNA, which in turn carries the corresponding amino acid.

				Geometrical isomer – any of two or more stereoisomers that differ in the arrangement of atoms or groups of atoms around a structurally rigid bond, such as a double bond or a ring.

				Graphene – a nanomaterial consisting of one-atom-thick sheets of carbon atoms, with the atoms arranged in a honeycomb lattice structure.

				Graphite - a very common mineral, soft native carbon, occurring in black to dark-gray foliated masses, with metallic luster and greasy feel: used for pencil leads, as a lubricant, and for making crucibles and other refractories; plumbago; black lead.

				Green Chemistry – an area of chemistry and chemical engineering focused on the designing of products and processes that minimize the use and generation of hazardous substances.

				Greenhouse effect – an effect occurring in the atmosphere because of the presence of certain gases (greenhouse gases) that absorb infrared radiation.

				H
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				Haber process - a process for synthesizing ammonia from gaseous nitrogen and hydrogen under high pressure and temperature in the presence of a catalyst.

				Halide - a chemical compound in which one of the elements is a halogen (fluorine, chlorine, bromine and iodine).

				Halogenation - a reaction in which one or more halogen atoms are introduced into a molecule.

				Heavy metal – any metal with a specific gravity of 5.0 or greater, especially one that is toxic to organisms, like lead, mercury, copper, and cadmium.

				Hemoglobin – the oxygen-carrying pigment of red blood cells that gives them their red colour and serves to convey oxygen to the tissues.

				Henderson–Hasselbalch equation - the Henderson–Hasselbalch equation (pKa = pH + log[HA]/[A–]) shows that when the concentration of an acid and its conjugate base are equal, the pH of the solution equals the pKa of the acid.

				Heterocycle – of or relating to the branch of chemistry dealing with cyclic compounds in which at least one of the ring members is not a carbon atom.

				Heterocyclic compound - a compound whose molecules have a ring containing an element other than carbon.

				Hormone – any of various internally secreted compounds, as insulin or thyroxine, formed in endocrine glands, that affect the functions of specifically receptive organs or tissues when transported to them by the body fluids.

				Hydrogen bond - a type of chemical bond in which a hydrogen atom that has a covalent link with one of the electronegative atoms (F, N, O) forms an electrostatic link with another electronegative atom in the same or another molecule.

				I

				Indicator – any substance that gives a visible sign, usually by a colour change, of the presence or absence of a threshold concentration of a chemical species, such as an acid or an alkali in a solution. An example is the substance called methyl yellow, which imparts a yellow colour to an alkaline solution.

				Inductive effect - an intrinsic electron-attracting or -releasing effect that results from a nearby dipole in the molecule and that is transmitted through space and through the bonds of a molecule.

				Inhibitor - a compound that can negatively alter the activity of an enzyme.

				Ionic product of water – the product of concentrations of H+ and OH- ions in water at a particular temperature.

				Isomer – is a chemical species with the same number and types of atoms as another species but with the atoms arranged differently.

				IUPAC system (also called the “systematic nomenclature”) - a set of nomenclature rules overseen by the International Union of Pure and Applied Chemistry (IUPAC) that allows every compound to be assigned an unambiguous name.

				K

				Kekulé structure - a structure in which lines are used to represent bonds. The Kekulé structure for benzene is a hexagon of carbon atoms with alternating single and double bonds around the ring, and with one hydrogen atom attached to each carbon.

				Ketone – any of a class of organic compounds containing a carbonyl group, -C=O, attached to two alkyl groups, as acetone.

				L

				Laughing gas – a colourless gas, N2O, d. 1.97 g/dm3; m.p. –90.8°C; b.p. –88.5°C. It is soluble in water, ethanol, and sulfuric acid.

				Le Chatelier’s priciple - the principle that if a system in chemical equilibrium is subjected to a disturbance it tends to change in a way that opposes this disturbance.

				Lewis acid – any substance capable of forming a covalent bond with a base by accepting a pair of electrons from it.

				Lewis base – any substance capable of forming a covalent bond with acid by transferring a pair of electrons to it.

				Ligands - species that coordinate with a metal ion

				using their valence electrons. The coordinating valence electrons may be those of an anion, nonbonding 
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				electrons of a neutral atom, or π electrons.

				Lipid - a substance of biological origin that is soluble in nonpolar solvents. Lipids include fatty acids, triacylglycerols (fats and oils), steroids, prostaglandins, terpenes and terpenoids, and waxes.

				Lone electron pair - two electrons occupying the same orbital in an atom or molecule; two electrons working together, especially forming a nonpolar covalent bond between atoms.

				M

				Melting point - the temperature at which an equilibrium exists between a well-ordered crystalline substance and the more random liquid state. It reflects the energy needed to overcome the attractive forces between the units (ions, molecules) that comprise the crystal lattice.

				Metallic bond - the type of chemical bond between atoms in a metallic element, formed by the valence electrons moving freely through the metal lattice.

				Metallurgy – the technique or science of working or heating metals so as to give them certain desired shapes or properties.

				Molecular formula - a formula that gives the total number of each kind of atom in a molecule. The molecular formula is a whole number multiple of the empirical formula. For example the molecular formula for benzene is C6H6; the empirical formula is CH.

				Molecule - an electrically neutral chemical entity that consists of two or more bonded atoms.

				Monosaccharide - the simplest type of carbohydrate, one that does not undergo hydrolytic cleavage to a simpler carbohydrate.

				N

				Nanotechnology – a technology executed on the scale of less than 100 nanometers, the goal of which is to control individual atoms and molecules, especially to create computer chips and other microscopic devices.

				Neurotransmitter – any of several chemical substances, as epinephrine or acetylcholine, that transmit nerve impulses across a synapse to a postsynaptic element, as another nerve, muscle, or 

				gland.

				Nucleic acids - biological polymers of nucleotides. DNA and RNA are, respectively, nucleic acids that preserve and transcribe hereditary information within cells.

				O

				Oleum - an oily, hygroscopic, corrosive liquid, H2S2O7, that, depending on purity, is colourless or dark brown. Oleums cans be described by the formula ySO3*H2O where y is the total molar mass of sulfur trioxide contention pad. The value of y can be varied, to include different oleums. They can also be described by the formula H2SO4*SO3 where x is now defined as the molar free sulfur trioxide content. Oleum is generally assessed according to the free SO3 content by mass.

				Organic synthesis – a special branch of chemical synthesis and is concerned with the intentional construction of organic compounds.

				Oxidation – the process or result of oxidizing. Oxidation is the loss of electrons or an increase in the oxidation state of an atom by a molecule, an ion, or another atom.

				Oxidation state – the state of an element or ion in a compound with regard to the electrons gained or lost by the element or ion in the reaction that formed the compound expressed as a positive or negative number indicating the ionic charge of the element or ion.

				Ozone – a colourless gas,O3, soluble in cold water and in alkalis; m.p. –192.7°C; b.p. –111.9°C. Ozone is formed from dioxygen by the action of ultraviolet light (UV) and electrical discharges within the Earth's atmosphere.

				P

				Peptide bond – a covalent bond formed by joining the carboxyl group of one amino acid to the amino group of another, with the removal of a molecule of water.

				pH scale – a logarithmic scale for expressing the acidity or alkalinity of a solution.

				Phenylketonuria – an inherited disease due to faulty metabolism of phenylalanine, characterized by phenylketones in the urine and usually first noted by signs of mental retardation in infancy.
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				Polyamide – a polymer in which the monomer units are linked together by the amide group –CONH–.

				Polycondensation – formation of a polymer by chemical condensation with the elimination of a small molecule, such as water.

				Polyester – a polymer in which the monomer units are linked together by the group –COO–, usually formed by polymerizing polyhydric alcohol with a polybasic acid: used chiefly in the manufacture of resins, plastics, and textile fibers.

				Polymerization – is a process of reacting monomer molecules together in a chemical reaction to form polymer chains or three-dimensional networks..

				Polymer – a compound of high molecular weight derived either by the addition of many smaller molecules, as polyethylene, or by the condensation of many smaller molecules with the elimination of water, alcohol, or the like, as nylon.

				Polypeptide – a chain of amino acids linked together by peptide bonds and having a molecular weight of up to about 10,000.

				Protein – highly complex substance that is present in all living organisms. Proteins are of great nutritional value and are directly involved in the chemical processes essential for life. A protein molecule is very large compared with molecules of sugar or salt and consists of many amino acids joined together to form long chains, much as beads are arranged on a string. There are about 20 different amino acids that occur naturally in proteins. .

				R

				Recycling – process of collecting and processing materials that would otherwise be thrown away as trash and turning them into new products. Recycling can benefit the community and the environment.

				Reduction – is a chemical reaction that involves the gaining of electrons by one of the atoms involved in the reaction between two elements. The term refers to the element that accepts electrons, as the oxidation state of the element that gains electrons is lowered.

				S

				Saccharide – an organic compound containing 

				sugar or sugars. Saccharides are organic compounds composed of carbon, hydrogen, and oxygen three elements.

				Semiconductor - a substance, as silicon or germanium, with electrical conductivity intermediate between that of an insulator and a conductor.

				Shungite - a black, lustrous, non-crystalline mineraloid consisting of more than 98 weight percent of carbon.

				Silicide - a compound of two elements, one of which is silicon. Similar to borides and carbides, the composition of silicides cannot be easily specified as covalent molecules. The chemical bonds in silicides range from conductive metal-like structures to covalent or ionic.

				Soap – a substance used for washing and cleansing purposes, usually made by treating a fat with an alkali, as sodium or potassium hydroxide, and consisting chiefly of the sodium or potassium salts of the acids contained in the fat.

				Steel – any of various modified forms of iron, artificially produced, having a carbon content less than that of pig iron and more than that of wrought iron.

				Stereoisomer – molecules that have the same molecular formula and sequence of bonded atoms but differ in the three-dimensional orientations of their atoms in space. There are two kinds of stereoisomers: geometric and optical.

				Substitution – any of a class of chemical reactions in which an atom, ion, or group of atoms or ions in a molecule is replaced by another atom, ion, or group. An example is a reaction in which the chlorine atom in the chloromethane molecule is displaced by the hydroxide ion, forming methanol.

				T

				Titration – a method of volumetric analysis in which a volume of one reagent (the titrant) is added to a known volume of another reagent slowly from a burette until an end point is reached.

				Tollens’ reagent – a reagent used in testing for aldehydes. It is made by adding sodium hydroxide to silver nitrate to give silver(I) oxide, which is dissolved in aqueous ammonia (giving the complex ion [Ag(NH3)2]+.
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				Transition metal – any element in any of the series of elements with atomic numbers 21–29, 39–47, 57–79, and 89–107, that in a given inner orbital has less than a full quota of electrons.

				U

				Universal indicator – a chemical solution made from a mixture of substances that produce many different colour changes according to different pH levels.

				V

				Valence electron – an electron of an atom, located in the outermost shell (valence shell) of the atom, that can be transferred to or shared with another atom.

				Z

				Zwitterion – an ion with both a positive and a negative charge. The charges on the different functional groups balance each other out, and the molecule as a whole is electrically neutral. The pH where this happens is known as the isoelectric point.
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				APpendix B

			

		

		
			
				Degrees of dissociation and pKa and pKb values (at 25°C) for some common acids and bases

			

		

		
			
				
					Compound

				

				
					Chemical formula

				

				
					Ka

				

				
					pKa

				

				
					Acids

				

				
					Hydrazoic acid

				

				
					HN3

				

				
					2.0•10-5

				

				
					4.70

				

				
					Nitrous acid

				

				
					HNO2

				

				
					5.1•10-4

				

				
					3.29

				

				
					Benzoic acid

				

				
					C6H5COOH

				

				
					6.3•10-5

				

				
					4.20

				

				
					Boric acid

				

				
					H3BO3

				

				
					5.8•10-10

				

				
					9.24

				

				
					Tartaric acid

				

				
					H2C4H4O6

				

				
					K1=9.1•10-4

					K2=4.3•10-5

				

				
					3.04

					4.37

				

				
					Gallic acid

				

				
					C6H2(OH)3COOH

				

				
					3.9•10-5

				

				
					4.41

				

				
					Glutaric acid

				

				
					HOOC(CH2)3COOH

				

				
					K1=4.6•10-5

					K2=5.4•10-6

				

				
					4.34

					5.27

				

				
					Dimethylglyoxime

				

				
					C4H8N2O2

				

				
					2.6•10-11

				

				
					10.58

				

				
					Dichloroacetic acid

				

				
					CHCl2COOH

				

				
					5.0•10-2

				

				
					1.30

				

				
					Periodic acid

				

				
					HIO4

					(H5IO6)

				

				
					K1=2.45•10-2

					K2=4.3•10-9

					K3=1.0•10-15

				

				
					1.61

					8.33

					15.0

				

				
					Citric acid

				

				
					H3C6O6H5

				

				
					K1=7.4•10-4

					K2=2.2•10-5

					K3=4.0•10-7

					K4=1.0•10-16

				

				
					3.13

					4.66

					6.40

					16.0

				

				
					Maleic acid

				

				
					HOOCCH=CHCOOH

				

				
					K1=1.2•10-2

					K2=6.0•10-7

				

				
					1.92

					6.22

				

				
					Malonic acid

				

				
					HOOC-CH2-COOH

				

				
					K1=4.2•10-2

					K2=2.1•10-6

				

				
					1.38

					5.68

				

				
					Lactic acid

				

				
					CH3CH(OH)COOH

				

				
					1.5•10-4

				

				
					3.83

				

				
					Formic acid

				

				
					HCOOH

				

				
					1.8•10-4

				

				
					3.75

				

				
					Arsenic acid

				

				
					H3AsO4

				

				
					K1=5.6•10-3

					K2=1.7•10-7

					K3=2.95•10-12

				

				
					2.25

					6.77

					11.53

				

				
					Arsenous acid

				

				
					H3AsO3

				

				
					5.9•10-10

				

				
					9.23

				

				
					8-Hydroxyquinoline

				

				
					С9H7ON

				

				
					1.3•10-10

				

				
					9.90

				

				
					Selenious acid

				

				
					H2SeO3

				

				
					K1=1.8•10-3

					K2=3.2•10-9

				

				
					2.75

					8.50

				

				
					Sulfuric acid

				

				
					H2SO4

				

				
					K1=large

					K2=1.2•10-2

				

				
					1.92

				

				
					Sulfurous acid

				

				
					H2SO3

				

				
					K1=1.4•10-2

					K2=6.2•10-8

				

				
					1.85

					7.20
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				185

			

		

		
			
				
					Hydrosulfuric acid

				

				
					H2S

				

				
					K1=1.0•10-7

					K2=2.5•10-13

				

				
					6.99

					12.60

				

				
					Hydrocyanic acid

				

				
					HCN

				

				
					5.0•10-10

				

				
					9.30

				

				
					Tellurous acid

				

				
					H2TeO3

				

				
					K1=2.7•10-3

					K2=1.8•10-8

				

				
					2.57

					7.74

				

				
					Thiocyanic acid

				

				
					HSCN

				

				
					1.4•10-1

				

				
					0.85

				

				
					Carbonic acid

				

				
					H2CO3

				

				
					K1=4.5•10-7

					K2=4.8•10-11

				

				
					6.35

					10.32

				

				
					Acetic acid

				

				
					CH3COOH

				

				
					1.74•10-5

				

				
					4.76

				

				
					Phenol

				

				
					C6H5OH

				

				
					1.0•10-10

				

				
					10.0

				

				
					Phosphoric acid

				

				
					H3PO4

				

				
					K1=7.1•10-3
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						U

					

					
						C

					

					
						A

					

					
						G

					

					
						U

					

					
						UUU Phe

						UUC

						UUA Leu

						UUG

					

					
						UCU

						UCC Ser

						UCA

						UCG

					

					
						UAU Tyr

						UAC

						UAA Stop

						UAG Stop 

					

					
						UGU Cys

						UGC

						UGA Stop

						UGG Trp

					

					
						U

						C

						A

						G

					

					
						C

					

					
						CUU

						CUC Leu

						CUA

						CUG

					

					
						CCU

						CCC Pro

						CCA

						CCG

					

					
						CAU His

						CAC

						CAA Gln

						CAG

					

					
						CGU

						CGC Arg

						CGA

						CGG

					

					
						U

						C

						A

						G

					

					
						A

					

					
						AUU

						AUC Ile

						AUA

						AUG Met

					

					
						ACU

						ACC Thr

						ACA

						ACG

					

					
						AAU Asn

						AAC

						AAA Lys

						AAG

					

					
						AGU Ser

						AGC

						AGA Arg

						AGG

					

					
						U

						C

						A

						G

					

					
						G

					

					
						GUU

						GUC

						GUA

						GUG

					

					
						GCU

						GCC Ala

						GCA

						GCG

					

					
						GAU Asp

						GAC

						GAA Glu

						GAG

					

					
						GGU

						GGC Gly

						GGA

						GGG

					

					
						U

						C

						A

						G

					

				

			

			
				
					SECOND LETTER

				

			

			
				
					FIRST LETTER

				

			

			
				
					Third LETTER
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				APpendix N

			

		

		
			
				Valencies of common ions 

				Appendix c

			

		

		
			
				
					
						Name

					

					
						Valency

					

					
						Symbol

					

					
						Name

					

					
						Valency

					

					
						Symbol

					

					
						Ammonium

					

					
						1

					

					
						NH4+

					

					
						Acetate

					

					
						1

					

					
						CH3COO-

					

					
						Copper(I) or cuprous

					

					
						1

					

					
						Cu+

					

					
						Bicarbonate

					

					
						1

					

					
						HCO3-

					

					
						Cesium

					

					
						1

					

					
						Cs+

					

					
						Hydrogensulfate

					

					
						1

					

					
						HSO4-

					

					
						Potassium

					

					
						1

					

					
						K+

					

					
						Hydrogensulfite

					

					
						1

					

					
						HSO3-

					

					
						Silver 

					

					
						1

					

					
						Ag+

					

					
						Bromide

					

					
						1

					

					
						Br-

					

					
						Sodium

					

					
						1

					

					
						Na+

					

					
						Chloride

					

					
						1

					

					
						Cl-

					

					
						Lithium

					

					
						1

					

					
						Li+

					

					
						Chlorate

					

					
						1

					

					
						ClO3-

					

					
						Hydrogen

					

					
						1

					

					
						H+

					

					
						Cyanide

					

					
						1

					

					
						CN-

					

					
						Barium

					

					
						2

					

					
						Ba2+

					

					
						Fluoride

					

					
						1

					

					
						F-

					

					
						Calcium

					

					
						2

					

					
						Ca2+

					

					
						Hydride

					

					
						1

					

					
						H-

					

					
						Cobalt(II)

					

					
						2

					

					
						Co2+

					

					
						Hydroxide

					

					
						1

					

					
						OH-

					

					
						Copper(I) or cupric

					

					
						2

					

					
						Cu2+

					

					
						Iodide

					

					
						1

					

					
						I-

					

					
						Iron(II) or ferrous

					

					
						2

					

					
						Fe2+

					

					
						Nitrate

					

					
						1

					

					
						NO3-

					

					
						Lead (II)

					

					
						2

					

					
						Pb2+

					

					
						Nitrite

					

					
						1

					

					
						NO2-

					

					
						Magnesium

					

					
						2

					

					
						Mg2+

					

					
						Permanganate

					

					
						1

					

					
						MnO4-

					

					
						Mercury(II) or mer-curic

					

					
						2

					

					
						Hg2+

					

					
						Carbonate

					

					
						2

					

					
						CO32-

					

					
						Nickel

					

					
						2

					

					
						Ni2+

					

					
						Chromate

					

					
						2

					

					
						CrO42-

					

					
						Strontium

					

					
						2

					

					
						Sr2+

					

					
						Dichromate

					

					
						2

					

					
						Cr2O72-

					

					
						Tin(II) or stannous

					

					
						2

					

					
						Sn2+

					

					
						Oxide

					

					
						2

					

					
						O2-

					

				

			

			
				
					
						Zinc

					

					
						2

					

					
						Zn2+

					

					
						Sulfide

					

					
						2

					

					
						S2-

					

					
						Aluminium

					

					
						3

					

					
						Al3+

					

					
						Sulfite 

					

					
						2

					

					
						SO32-

					

					
						Chromium

					

					
						3

					

					
						Cr3+

					

					
						Sulfate

					

					
						2

					

					
						SO42-

					

					
						Iron(III) or ferric

					

					
						3

					

					
						Fe3+

					

					
						Nitride

					

					
						3

					

					
						N3-

					

					
						Tin(IV) or stannic

					

					
						4

					

					
						Sn4+

					

					
						Phosphate

					

					
						3

					

					
						PO43-
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				Mineral resources of Kazakhstan

			

		

		
			
				
					Mineral

				

				
					Regions

				

				
					Oil and gas

				

				
					Atyrau

					Mangystau

					Aktobe

					West kazakhstan region

					Kyzylorda

				

				
					Coal

				

				
					Karagandy

					Pavlodar region (Ekibastuz, Maykoben), Torgai, Obagan

					West kazakhstan region (Qarajyra, Zaisan)

				

				
					Uranium U

				

				
					North kazakhstan region

					Mangystau region

				

				
					Iron Fe ores

				

				
					North kazakhstan region (Qashar, Atansor)

					Qostanay region (Sokolov-Sarybay, Ayat, Lisakov)

					Karagandy region (Kentobe, Qaratas)

				

				
					Manganese Mn

				

				
					Central Kazakhstan region (Atasu, Jezdi)

				

				
					Chromium Cr

					(chromite ores)

				

				
					Aktobe region (Mugalzhar)

					Donskaya, Kempirsay

				

				
					Nickel Ni

				

				
					Aktobe region (Mugalzhar)

					Kempirsay, Buryqtal
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				Mineral resources of Kazakhstan

			

		

		
			
				
					Mineral

				

				
					Regions

				

				
					Aluminum Al

					(bauxite)

				

				
					Arqalyq region

					Atbasar

				

				
					Copper Cu

				

				
					Zhezkazgan region

					Qonyrat, Bozshakol, Sayaq

				

				
					Polymetal ores

					(Zn, Mg, Pb, Ti, Ag, etc.)

				

				
					Altay (Ridder, Zyryan)

					Tekeli

					Karatau mountains (Aschysay, Myrgalymsay) 

					Central Kazakhstan (Qyzylespe, Qasqaygyr)

				

				
					Gold Au

				

				
					Qalba (Altay), Jitiqara (Qostanay)

					Central Kazakhstan (Stepnyak, Aqsu, Makkaiyn)

				

				
					Asbest

				

				
					Qostanay (Jitiqara), Karagandy (Zhezqazgan), Bogetsay (Mugalzhar), Khantau (Shu-Ile mountains)

				

				
					Phosphorus

					(phosphorites)

				

				
					Qaratau (Aqsay, Zhanatas, Sholaqtau), Qazaly, 

				

				
					Mirabilite salt

				

				
					Aral

				

				
					Table salt

				

				
					Caspian sea, Aral sea, Ekibastuz, Shu
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