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				PREFACE

			

		

		
			
				Natural science is an exciting and very useful subject. This textbook will show you all its beauty  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 realise that this textbook is completely different from any other usual textbook full of theory 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. 

				Another 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 translations 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 the 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.

				Dear students, teachers and parents, as this is the first edition of the 7th grade Chemistry textbook, we would appreciate any feedback from you so that together we can make the future editions much better, more accurate and much more effective for your learning. If you have any questions, suggestions or ideas regarding the contents of this book, please feel free to contact us:

				 

				- via email:  	                        		 info@astanakitap.kz  

				Best regards,

				team of authors, “Astana-kitap”
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				1.1 Chemistry, a unique science. Practice work №1 

				1.2 Element, mixture, and compound. Laboratory work №1
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				Laboratory glassware and equipment
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				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Chemistry is an exciting and fundamental branch of science. It allows us to explain the secrets of nature.In everyday life, we often see compounds and mixtures. For example, milk, sugar, chalk, plastics, metals, etc. They are all important components of our life. The chapter "Introduction to Chemistry" covers basic concepts of chemistry, chemical safety rules, substanc-es, elements, compounds, mixtures and their separa-tion methods.

			

		

		
			
				- About science and scientific methods

				- Physical states of matter;

				- Atoms and molecules;

				- Properties of matter;

				- Uses of household chemicals and safety uses;

				- Pure substances and mixtures;

				- Types of mixtures. Solutions. Preparation of solutions;

				- Synthetic substances;

				- Measuring temperature of substances.
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				№1. Chemistry laboratory safety rules. Chemistry laboratory equipment

				The laboratory is a scientist’s workshop and often the place where ideas are tested and proved. A few basic rules for working safely in the laboratory include the followings. Students must always obey the following safety rules in a school lab:

				Always listen carefully to all instructions given by your chemistry teacher or lab technician before any experiment.

				Learn all the safety rules necessary for your experiment.

				Read all the necessary information about the experiments.

				Always wear a lab coat and safety goggles (glasses).

				Wear gloves when using heat, chemicals, and glassware in experiments.

				Do not throw any chemicals.

				Do not touch chemicals with your fingers.

				Tie long hair.

				Do not run in a lab.

				Do not eat, drink, smell or taste any chemical.

				Quickly report all accidents to your teacher.

			

		

		
			
				The lab coat protects scientist's street clothes and also serves as a simple uniform.

			

		

		
			
				Practice work
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				chemistry, a unique science

			

		

		
			
				What are the differences between ancient items and new human-made products?

			

		

		
			
				- know what chemistry studies; 

				- explain the safety rules when working in a chemical laboratory and classroom.

			

		

		
			
				Chemistry can be defined as the study of matter and its changes. This definition shows that the science of chemistry includes all substances in our life. Chemistry is life! 

				Chemistry has brought people new products. Chemists always synthesize or discover new substances and help technological developments. The modern residence you live in, the car your parents’ drive, the TV you watch, the food you enjoy are all examples of the wonders achieved through the use of chemistry Figure 1.1.1-1.1.3. 

				If we look around us, chemistry is everywhere. The water you drink, the air you breathe, the bread you eat, the music player you listen to or the clothes you wear are all made of chemicals! Now, you see why chemistry is all around us.

			

		

		
			
				1.1
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					You will:
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				Figure 1.1.1  Red sport car 

			

		

		
			
				Figure 1.1.2 Cleaning products

			

		

		
			
				Figure 1.1.3 Toys
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					Terminology

				

			

		

		
			
				unique - бірегей / уникальный;

				science - ғылым / наука;

				discover - (ғылыми) ашылу / открытие;

				substance - зат / вещество;

				safety rules - қауіпсіздік ережелері / правила безопасности;

				equipment - жабдықтар / оборудования;

				lab coat - зертхана халаты / лабораторный халат;

				safety goggles - қауіпсіздік көзілдірігі / защитные очки;

				glassware - шыны ыдыстар / стеклянная посуда;

				chemicals - химикаттар / химикаты;

				accident - жазатайым жағдай / несчастный случай; 

				flask - колба / колба;

				burner - жанарғы / горелка;

				funnel - сүзгі / воронка;

				stand and clamps - штатив пен қысқыштар / штатив и зажимы.

				technician - техник / маман;

			

		

		
			
				Work in pairs. 

				Why are chemicals not stored in metal containers? Explain your answer. 

			

		

		
			
				Activity
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					Literacy

				

			

		

		
			
				What is chemistry?

				Why is chemistry called a unique science?

				Try to guess the composition of substances that surround you.
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				CHAPTER 1
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					Keep in mind
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				The safe way is the best way!

			

		

		
			
				Do not use any lab equipment without permission!

			

		

		
			
				Some chemicals may cause fatal accidents!

			

		

		
			
			

		

		
			
				In chemistry experiments, we can use different lab equipment. Some of them are shown:

			

		

		
			
				Test tube

				Mixing substances

			

		

		
			
				Test tube holder

				 To hold hot test() tubes

			

		

		
			
				Wash bottle

				) Dilution, cleaning(

			

		

		
			
				 Erlenmeyer (conical)flask

				 Mixing, keeping toxicsubstances

			

		

		
			
				Graduated cylinder

				To measure exact(

				) volumes of liquids

			

		

		
			
				Burners

				) For heating purposes(

			

		

		
			
				Beaker

				 Measuring approximatevolumes

			

		

		
			
				Stand and clamps

				To hold and fix lab(

				) equipment

			

		

		
			
				Funnel

				For filtration or(

				) pouring liquids
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				Conclusion and questions: 

				What should you do if a laboratory in a fire? 

				When should safety goggles be worn?

				What should you do if you do not complete the lab work?

				How should the broken glass be picked up? Where must it throw?

				What should your work area look like in the lab?
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				Element, mixture and compound

			

		

		
			
				1.2

			

		

		
			
				Figure 1.2.1 Copper is the only metal that has a reddish color in its pure form

			

		

		
			
				Figure 1.2.4 Kurt

			

		

		
			
				Figure 1.2.3 Gasoline is a mixture of substances
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				- understand an element (a simple substance) as a group of the same atoms;

				- know that a pure substance consists of the same atoms or molecules;

				- know the difference between concepts: an element, a mixture, and a compound;

				- be able to use knowledge of the physical properties of elements and compounds for analyzing substances.
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					You will:
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				How do we enjoy fizzy drinks, but shouldn't we drink them every day?

			

		

		
			
				Matter can be classified into two categories: pure substances and mixtures. Elements and compounds are both examples of pure substances.

				Elements

				An element is composed of a single kind of atom. An atom is the smallest particle of an element. It has all the properties of the element. For instance, the element copper (Cu) only contains copper atoms. Figure 1.2.1.

				Compounds

				A compound contains two or more atoms in a specific ratio. For example, water (H2O) is a compound made up of two atoms: hydrogen (H) and oxygen (O) Figure 1.2.2. These atoms are combined in a specific way — in a ratio of two hydrogen atoms to one oxygen atom (H2O). If the ratio is different from 2-to-1, that compound is not water. For example, compound hydrogen peroxide (H2O2) is used as a disinfectant. 

				A compound has physical and chemical properties different from the atoms that make it up. For instance, even though liquid water is made up of hydrogen and oxygen, which are gases at room temperature. Properties of water are unique.

			

		

		
			
				Mixtures

				Mixtures are combinations of two or more pure substances. Figure 1.2.5-1.2.6 In mixtures, the chemical properties of composed substances do not change. Mixtures can be homogeneous or heterogeneous. In a homogeneous mixture, the composition of its parts is the same. Figure 1.2.3. But in heterogeneous mixtures, the composition of its parts is different. Figure 1.2.4.

				Properties of Mixtures

				1. Components of a mixture have their properties.

				2. Mixtures are composed of different elements and (or) compounds.

			

		

		
			
				 Hydrogen + Oxygen = Water

			

		

		
			
				Figure 1.2.2 Hydrogen reacts with oxygen to form water
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				3. There is no fixed ratio between the components.

				4. Mixtures are easily separated into components with physical methods. 
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					Water molecule

					H2O

				

			

			
				
					Water molecule

					H2O

				

			

			
				
					Water molecule

					H2O

				

			

			
				
					Sugar molecule

					C12H22O11

				

			

			
				
					Quartz molecules SiO2 in the compo-sition of sand

				

			

		

		
			
				Figure 1.2.5 Sugar solution 

			

		

		
			
				Figure 1.2.6 River sand and water 
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				№1. Separation salt from salt water

				Materials: table salt, water, beaker, burner, tripod, evaporating dish.

				Procedure:

				Dissolve 5 g of table salt (NaCl) in 30 ml of water in a beaker.

				Heat the solution moderately until it starts to boil. Be careful not to overheat. 

				Gently heat the solution until all the liquid is gone. 

				Observe the formation of salt crystals. 

				Conclusion and questions: 

				Which pure substances are used to make the mixture?

				Which type of mixture was produced?

				Which substances are formed at the end of the experiment?

			

		

		
			
				Laboratory work
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				Safety: Wear gloves. Be careful with hot water. Wear eye protection
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					Literacy

				

			

		

		
			
				True or False?
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					True

				

				
					False

				

				
					1. Air is a mixture.

				

				
					2. Gold is a pure substance.

				

				
					    4. Two different gases together make u3. Water from a lake is a pure substance.

				

				
					 4. Two different gases together make up amixture.
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				Work in pairs. 

				Pull out three things from your bag. Discuss which of them are mixtures or not. Explain. 

			

		

		
			
				Activity
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					Terminology

				

			

		

		
			
				component — компонент / компонент;

				compound — қосылыс / соединение;

				dissolve — еріту / растворяться;

				homogeneous — біртекті / однородный;

				heterogeneous — әртекті / разнородный;

				mixture — қоспа / смесь;

				solution — ерітінді / раствор;

				stirring rod — араластырғыш / мешалка;

				particle - бөлшек / частица.
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				CHAPTER 1

			

		

		
			
				
					Evaporation of salt solution

				

			

			
				
					Table salt crystals
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				Separation of mixtures. Purification methods

			

		

		
			
				1.3
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				- know the types of mixtures and how to separate them;

				- be able to plan and conduct an experiment on the separation of mixtures.

			

		

		
			
				[image: ]
			

			
				
					You will:
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				How can we separate salt and sugar back from water solution?
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					Keep in mind
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				Filtration is a method to separate two or more substances. A filter paper is used in the filtration method.

			

		

		
			
				Figure 1.3.2 Separation of oil-water mixture

			

		

		
			
				
					Figure 1.3.1 Separation of iron from sulfur in a mixture by using a magnet
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				Figure 1.3.3 Separation of a copper (II) chloride - sulfur mixture

			

		

		
			
				a. Copper (II) chloride-

				sulfur mixture

			

		

		
			
				b. Copper (II) chloride-

				sulfur mixture dissolved in water

			

		

		
			
				c. Filtration of

				mixture

			

		

		
			
				d. Evaporation of the water in the

				copper (II) chloride solution

			

		

		
			
				As we previously learned, mixtures are not pure substances. To obtain one of the components in a mixture, we need to separate them. The separation of mixtures can only be possible when we use the physical properties of substances.

				For different types of mixtures, various methods are needed. Now let’s see some of the purification methods.

				Magnet

				Some substances can be separated from a mixture through the use of a magnet. Since magnet attracts iron, nickel, and cobalt, they can be separated from other substances. As an example, an iron-sulfur mixture can be separated by using the magnetic property of iron. Figure 1.3.1.

				Density differences

				If immiscible liquids, which have different densities, are mixed in a container, the denser liquid settles at the bottom and the lighter ones at the top. The separatory funnel can separate this type of mixture. Figure 1.3.2.

				Solubility

				The solubilities of pure substances are different in a solvent. For example, some substances are soluble in water, and others are not. It can be said that the solubility of a substance in water is characteristic under given conditions.

				The separation of copper (II) chloride-sulfur mixture (shown Figure below) can achieved by using the solubility differences of the components in water. When we place this mixture (a) in water, copper (II) chloride will dissolve. Whereas the sulfur will not (b). After filtering this mixture, we 
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				CHAPTER 1

			

		

		
			
				will remove the sulfur particles through a filter paper (c). The copper (II) chloride solution will then be heated to evaporate the water to obtain copper (II) chloride (d). Figure 1.3.3.

			

		

		
			
				Distillation

				The melting and boiling points of substances vary. It’s possible to separate liquids having different boiling points in a mixture by using distillation. Distillation is a process to separate mixtures by their different boiling points. For example, separation of liquid from a solution, such as water from seawater. Figure 1.3.4.

			

		

		
			
				Figure 1.3.4 Simple distillation
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					Facts
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				Liquids that do not mix are called immiscible liquids, such as olive oil and water. Liquids that mix in any ratio are called miscible liquids such as water and ethyl alcohol.
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				Work in small groups and dis-cuss the following sentences. Explain why this sentence is not correct: 

				A chemist can use the mag-net to separate the gold fillings from the mixture by moving the magnet around in the con-tainer. 

			

		

		
			
				Activity

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Terminology

				

			

		

		
			
				separation - бөлу / разделение;

				purification - тазарту / очищение;

				property - қасиет / свойства;

				density - тығыздық / плотность;

				immiscible - араласпайтын / несмешиваемый;

				evaporation - булану / испарение;

				filter - сүзгі / фильтр;

				filtration - сүзу / фильтрация;

				distillation - айдау / дистилляция;

				recrystallization - қайта кристалдандыру / перекристаллизация;

				magnetic - магниттік / магнитные;

				solubility - ерігіштік / растворимость;

				solvent - еріткіш / растворитель.
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					Literacy

				

			

		

		
			
				Separate the following mixtures by using separation methods, and find the minimum amount of steps necessary for separation:

				a. Chalkdust + table salt; b. Iron powder + water + wood pieces

				c. Salt + water + pepper
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				Safety: Wear safety gloves. Solutions of copper compounds may be toxic – wash your hands thoroughly. Wear eye protection. 
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				Laboratory work

			

		

		
			
				№2. Purification of salt and sand mixture (in water)

				Materials: copper sulfate salt, distilled water, beaker, sand, filter paper, spatula, stirring rod, conical flask, funnel, paper, evaporating dish, dropper, burner, wire gauze.

				Procedure:

				Take a spatula-tip full of salt and a spatula-tip full of pre-washed sand on a piece of paper, then mix them. 

				Fill half of the 150 ml beaker with distilled water, then put the mixture into the beaker. 

				Stir the mixture until the salt dissolves. 

				Pour the mixture into the beaker through the filter paper. 

				Take the sand saved on the filter paper on a piece of paper.

				Place about ten drops of residual solution in the conical flask into an evaporating dish with a dropper.

				Place the evaporating dish in the middle of the wire gauze, then heat it cautiously with the smallest burner flame. Observe the recrystallization of the salt.
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				Chapter review exercises
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				1. Match the following:

			

		

		
			
				3. Identify the meaning of each safety symbols below.

			

		

		
			
				2. Find the use of equipment.

				Stirring rod, funnel, beaker, test tube, thermometer, test tube holder, test tube rack, dropper, graduated cylinder, Bunsen burner, safety goggles, spot plate, rubber stoppers, the crucible, spatula.

			

		

		
			
				Erlenmeyer flask, Beaker, Round bottom flask, Funnel, Test tube, Rubber caps, Stirring rod, Petri dish 

			

		

		
			
				
					For stirring chemicals 

					______________

				

				
					To hold test tubes while heating

					______________

				

				
					For measuring out very small volumes of liquid

					______________

				

				
					Used to contain reactions

					______________

				

				
					To hold test tubes during experimental procedures

					______________

				

				
					Reaction vessel for small volumes

					______________

				

				
					For measurement of temperature 

					______________

				

				
					For accurately measuring volumes of liquid

					______________

				

				
					Used for heating chemicals

					______________

				

				
					To protect your eyes in the lab

					______________

				

				
					For microscale reactions 

					______________

				

				
					Used to seal flasks

					______________

				

				
					To easily transfer liquids and for filtration

					______________

				

				
					Used to transfer solid chemicals

					______________

				

				
					For heating to very high temperatures

					______________

				

			

		

		
			
				
					1. ...........................

				

				
					2. ...........................

				

				
					3. ...........................

				

				
					4. ...........................

				

				
					5. ...........................

				

				
					6. ...........................
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				Chapter review exercises
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				4. Classify each of the pictures below by placing the correct label in the blank below 

			

		

		
			
				7. True (T) or false (F)?

			

		

		
			
				5. Which one of the following substances does not contains only one kind of atoms or molecules? 

				A) Water	

				B) Hydrogen peroxide 

				C) Iron	

				D) Acetic acid

				E) Salty water

			

		

		
			
				6. Which one of the following is an element? 

				A) Milk	

				B) Paint

				C) Oxygen 

				D) Salty water

				E) Sand

			

		

		
			
				A - element; 

			

		

		
			
				1) ________

			

		

		
			
				4) ________

			

		

		
			
				7) ________

			

		

		
			
				2) ________

			

		

		
			
				5) ________

			

		

		
			
				8) ________

			

		

		
			
				3) ________

			

		

		
			
				6) ________

			

		

		
			
				9) ________

			

		

		
			
				C - mixture of elements; 

			

		

		
			
				B - compound; 

			

		

		
			
				D - mixture of compounds; 

			

		

		
			
				E - mixture of elements and compounds; 

			

		

		
			
				
					№

				

				
					True or false

				

				
					1. Iron is a pure substance

				

				
					2. Chemistry is a study of matter and its changes

				

				
					3. Elements are combinations of two or more pure substances
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				Chapter review exercises
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				8. Excess product is removed using the following apparatus.

			

		

		
			
				9. Mixtures may be separated in the laboratory in many different ways.

				• Three different methods of separating mixtures are shown below.

			

		

		
			
				i. Which method would be most suitable for obtaining water from a salt solution? ________________________________________________________________________________ii. Which method would be most suitable for obtaining alcohol from an alcohol solution? ________________________________________________________________________________iii. Explain why method one would not be suitable to separate sodium chloride from the sugar solution. ________________________________________________________________________________________________________________________________________________________________iv. How to separate sand, soluble salt, a wood mixture? Write separation methods.________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

			

		

		
			
				Use the labels in the box below to identify A to E from the diagram.

			

		

		
			
				A ___________________________________

				B ___________________________________

				C ___________________________________

				D ___________________________________

				E ___________________________________

			

		

		
			
				Beaker

				Filtrate

				Condenser

			

		

		
			
				Distillate

				Filter funnel

				Residue

			

		

		
			
				Conical flask

				Filter paper 

				Separating funnel
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				Summative assessment
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				1. What is Chemistry?

				2. What are the differences between chemistry and other branches of natural sciences?

				3. Why do we obey safety rules in a school lab? Explain with examples.

				4. Which types of labware should be found in a chemistry laboratory?

				5. What is the science lab?

				A. an art project 

				B. a test

				C. an experiment

				D. a type of material

				6. What should you do if you are using electricity or anything with batteries during class?

				A. keep your hands dry

				B. keep your lab area away from water

				C. keep your lab supplies dry

				D. all answers choices are correct

				7. Why is it important not to eat or drink anything when you do a lab?

				A. because it is not breakfast time

				B. because it would be messy

				C. because you do not want to eat something dangerous accidentally

				D. because your teacher said so 

				8. Match the following words:

				
					1. Chemical equipment 

				

				
					a. salt water

				

				
					2. Single kind of atom

				

				
					b. Chemistry

				

				
					3. A homogeneous mixture

				

				
					c. element 

				

				
					4. Iron and sulfur

				

				
					d. lab coat and goggles 

				

				
					5. A unique science 

				

				
					e. test tube 

				

				
					6. Always wear .................. 

				

				
					f. separate with magnet

				

				9. Identify each material as either a mixture or pure substance

				 

				
					  MixtureMaterial﻿

				

				
					 Mixture / Puresubstance

				

				
					 Homogeneous /Heterogeneous

					 Element orCompound

				

				
					Air

				

				
					 Aluminiumfoil

				

				
					Blood

				

				
					Table salt

				

				
					Milk

				

				
					 Aceticacid

				

				
					Coffee

				

				10. Which of the following is the homogeneous mixture?

				A. petrol

				B. a pizza

				C. distilled water

				D. fizzy drinks 

				11. Alcohol and water are best separated from one another by

				A. crystallization

				B. with a magnet

				C. density differences

				D. distillation

				12. Homogeneous mixtures are also called:

				A. solids

				B. solutions

				C. pure substances

				D. elements

				13. True / false questions:

				 - Chemists can obtain drinking water from seawater by distillation. 

				 - Separating sand from water is done by filtration and distillation.

				 - Density differences and filtration can remove the sugar in sugar water.

				 - A mixture is a combination of two or more pure substances. 
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				CONTEXT-BASED QUESTIONS
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				1. The table gives details of the most abundant gases in the atmosphere on Venus's. 

			

		

		
			
				2. Table salt and baking soda are used in cooking. When salt dissolves in the water a homogeneous mixture is formed.

			

		

		
			
				Use the data in the tables to plot a solubility curve for two salts. Use Microsoft Excel to complete this task.

				Use the graph to answer the following questions:

				- What is the maximum mass of table salt which will dissolve in 50 g of water at 70oC?

				- What is the maximum mass of baking soda which will dissolve in 10 g of water at 70oC? 

				- Which substance is the least soluble at 30oC?

				- Which substance is the more soluble at 60oC?

			

		

		
			
				Present this information as a pie chart.

				Use Microsoft Excel to complete this task.

			

		

		
			
				
					Gases

				

				
					Percentage

				

				
					Carbon dioxide

				

				
					96.5 %

				

				
					Nitrogen

				

				
					3.49973 %

				

				
					other gases

				

				
					0.00027 %
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					Temperature

				

				
					0

				

				
					10

				

				
					20

				

				
					30

				

				
					40

				

				
					50

				

				
					60

				

				
					80

				

				
					100

				

				
					Solubility

					(g/100 g of water)

				

				
					6.4

				

				
					7.6

				

				
					8.7

				

				
					10.0

				

				
					11.3

				

				
					12.7

				

				
					14.2

				

				
					16.5

				

				
					19.1

				

			

		

		
			
				
					Temperature

				

				
					0

				

				
					10

				

				
					20

				

				
					30

				

				
					40

				

				
					50

				

				
					60

				

				
					80

				

				
					100

				

				
					Solubility

					(g/100 g of water)

				

				
					35.65

				

				
					35.72

				

				
					35.89

				

				
					36.09

				

				
					36.37

				

				
					36.69

				

				
					37.04

				

				
					37.93

				

				
					38.99
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				The tables below show values for the solubilities of table salt and baking soda in water.

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				3. Compare these two pie charts for the % of macronutrients in soybeans and wheat.

				- What products are high in soy? Why is the global use of soya increasing?

				- What products are high in wheat?

				- Explain why the World Health Organization (WHO) has helped develop soy rather than wheat-based food products for distribution in parts of the world where protein deficiency is a problem.
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				1. Certain physical properties of substances given below: 

				Shape, boiling point, melting point, volume, conductivity, color, hardness, density, odor, solubility

				A. Copper is used as electrical wiring.

				B. Silver is the best conductor of heat.

				C. Sodium bicarbonate is a white crystalline solid.

				D. Hydrogen sulfide is a colorless gas with a characteristic odor of rotten eggs.

				E. Diamond is the hardest natural material in the world.

				F. 42 g of salt is dissolved in 500 mL of water.

				G. Osmium is the densest element.

				H. Iron metal melts at 1538 degrees.

				I. Bismuth metal forms cube-shaped crystals.

				J. 200 mL of hydrogen gas produced.

				K. Water boils at approximately 100 degrees Celsius.
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				Laboratory glassware and equipment
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				science history

			

		

		
			
				As it was then known, chemistry’s beginning, or alchemy, was equal to performing magic or having superpowers. Alchemy combines elements of chemistry, physics, religion, mysticism, astrology, art, signs, metallurgy, and medicine.

			

		

		
			
				Chromatography

				One of the most sensitive techniques for separating a mixture is chromatography, which relies on the different abilities of substances to absorb, or stick, to surfaces. There are four main types of chromatography. These are liquid chromatography, gas chromatography, thin-layer chromatography, paper chromatography.

			

		

		
			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				Alchemical symbols

			

		

		
			
				Liquid chromatography–mass spectrometer (LCMS)

			

		

		
			
				Martin, Archer John P. (Great Britain), 

				Synge, Richard L. M. (Great Britain)

				Nobel Prize for invention and development of paper partition chromatography.

			

		

		
			
				Jabir bin Hayyan

			

		

		
			
				Ancient alembic apparatus

			

		

		
			
				Al-Razi

			

		

		
			
				In the Middle Ages, Muslim scientists Jabir bin Hayyan - the first to use lab equipment - was known as Geber, or the Father of Chemistry in Europe; and Abu Bakr-Al-Razi (865-925); both greatly contributed to chemistry’s early beginnings. 

				The Persian alchemist Al-Razi (Rhazes) discovered and classified many natural substances in experiments using sophisticated apparatus invented by other Islamic alchemists.

			

		

		
			
				More than ten works (1957-1980), carried out using chromatographic methods, were awarded the Nobel Prizes - A. Tiselius (1948), A. Martin and R. Synge (1956). 

			

		

		
			
				They refined and perfected the techniques of filtration, crystallization, and distillation using apparatus such as the alembic.
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				S U M M A R Y
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				Chemistry is the science of matter and the changes it can undergo. 

				Safety rules in chemistry laboratories

				Always listen carefully to all instructions given by your chemistry teacher or lab technician before any experiment.

				Learn all the safety rules necessary for your experiment.

				Read all the necessary information about the experiments.

				Always wear a lab coat and safety goggles (glasses).

				Wear gloves when using heat, chemicals, and glassware in experiments.

				Do not throw any chemicals.

				Do not touch chemicals with your fingers.

				Tie long hair.

				Do not run in a lab.

				10. Do not eat, drink, smell or taste any chemical.

				11. Quickly report all accidents to your teacher.

				Chemical element - a substance that is not able to be decomposed into simpler substances by any known chemical process. 

				Simple substance - a substance formed by atoms of one chemical element (Cl2, F2, H2, Br2, I2, P4, S8, N2, O2, Si, Na, Fe, etc).

				A complex substance is a substance formed by atoms of different chemical elements. Complex substances are also called chemical compounds (CaCl2, H2O, HBr, N2O, C6H12O6, etc).   

				Physical properties of substances:

				Smell

				Colour

				Physical state

				Solubility

				Density

				Boiling and melting points

				Electrical conductivity, thermal conductivity

				A pure substance is a sample of matter with both definite and constant composition and distinct chemical properties.

				Mixture - the combination of substances in a process without chemical reaction.

				There are two main categories of mixtures: homogeneous mixtures and heterogeneous mixtures.

				A homogeneous mixture is a mixture in which the composition is uniform throughout the mixture

				Homogeneous mixtures may be solids, liquids, or gases. Examples include steel, sal water and air.

				A homogeneous mixture is a mixture in which the composition is uniform throughout the mixture.  Examples include sand and sugar, salt and gravel.

				Methods for separating mixtures:

				Filtration (sand + water)

				Magnetic separation (iron + sulfur)

				Sedimentation (coal + sand)

				Distillation takes advantage of differences in boiling points (alcohol and water).

				Evaporation removes a liquid from a solution to leave a solid material (salt and water).

				Chromatography involves solvent separation on a solid medium.

				 

			

		

	
		
			
				Chemistry in life
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				1. Nickel alloy wires heat up to make toast.

			

		

		
			
				2. Palladium Pd is often mixed with gold Au to form an alloy called white gold, used in jewellery.

			

		

		
			
				3. Kerosene and gasoline are produced by distilling petroleum.

			

		

		
			
				4. Salt is processed from salt mines and by the evaporation of seawater.

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

	
		
			[image: ]
		

		
			
				chapter
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				Changing physical states of matter

			

		

		
			
				2
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				2.1 Chemical and physical changes. Laboratory work №3

				2.2 States of matter

				2.3 The cooling process. Laboratory work №4

				2.4 The heating process. Laboratory work №5

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				Generally, all changes in nature can be divided into two types: physical changes and chemical changes. Destruc-tion and erosion of mountains by wind, air and water is an example of a physical process. Changes in the physical state of matter are important processes in our lives. We can make the things we need by transforming matter from solid to liquid or from liquid to gaseous, etc. For example, by melting and hardening metal, we can make products of the desired shape. We get clean water by evaporating and condensing the dirty water. This chapter will learn about chemical and physical changes, states of matter, and boiling and cooling process-es. You will improve your knowledge by solving additional exercises and problems.

			

		

		
			
				- Physical states of matter;- Atoms and molecules;- Structures of solids, liquids, and gases.- Physical properties of matter;- Chemical and physical changes;- Measuring temperature of substances.- Determination of boiling and melting points of substances; - Types of energy. Heat exchange. Energy cycle.
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				Chemical and physical changes

			

		

		
			
				2.1

			

		

		
			
				- know the differences between chemical and physical changes.
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					You will:
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				Firefly is not a flying insect; it produces yellowish green colored light in their wombs. What do you think happens?
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				Figure 2.1.1  Melting of glass is an example of physical change

			

		

		
			
				Figure 2.1.2 Hair cutting 

			

		

		
			
				Figure 2.1.3 When bronze rusts, a change occurs in its chemical structure (Monument to Abai Qunanbaiuly)
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				When we look around us, we can see change everywhere, for example, the rusting of iron, the souring of milk, the breaking and frying of an egg. Some of these changes are only physical, but some are changes in the chemical structure of substances. Therefore, changes in matter can be classified as physical or chemical.

				Physical change

				Physical changes are changes that occur in the shape, state or size of substances. In a physical change, the composition of the substance remains unchanged, and no new substance is formed. The dissolving of sugar in water, the breaking of glass, the evaporating of water, and ice melting are all examples of physical changes. Figure 2.1.1, 2.1.2, 2.1.4.

				Chemical change

				Sometimes when a change occurs, a new substance is formed. Such changes are called chemical changes or chemical reactions. The rusting of iron, yoghurt production, and the tarnishing of silver are all examples of chemical changes. A new substance is formed in all these changes, which has different properties than the original substance. Figure 2.1.3, 2.1.5.

				 When candle burns, there are both physical and chemical changes. Solid wax melts and forms liquid wax. Then, the liquid wax evaporates to form the wax vapor. These two-phase changes are physical. Finally, oxygen in the air reacts with wax vapor to form carbon dioxide, ash, and water. This process is a chemical change.

			

		

		
			
				Figure 2.1.4 Breaking of an egg is a physical change

			

		

		
			
				Figure 2.1.5  Frying of an egg is a chemical change
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				№3. Chemical changes

				Materials: calcium carbonate (chalk), hydrochloric acid, lead (II) nitrate, potassium iodide solutions, sodium hydroxide pellets, water, beaker, test tubes, thermometer, stirring rod. 

				Procedure:

				Place a spatula of calcium carbonate (chalk) in the test tube with 5 ml of hydrochloric acid. 

				Mix the salt with hydrochloric acid.

				Note your observations.

				Fill test tube 1 with lead (II) nitrate solution to a height of 3 cm, and test tube 2 with potassium iodide solution to a height of 2 cm. Take test tube 2 and pour the solution into test tube 1. Record your observation.

				Add the sodium hydroxide pellets to the water in the beaker, then stir the mixture by using the thermometer until all sodium hydroxide has dissolved. Read the final temperature of the solution and record it.

				 Observations:

				1. Note your observations in the experiment.

				 Conclusion and questions:

				What conclusion can you draw from your observations?

				What are the differences between chemical and physical changes? Explain.

				How can chemical changes be recognized? 

			

		

		
			
				Laboratory work

			

		

		
			[image: ]
		

		
			
				Safety: Wear eye protection. Wear gloves. Avoid skin contact. Solutions of lead compounds may be toxic. Wash hands after use.
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					Literacy

				

			

		

		
			
				Classify the following changes as physical or chemical.

				a. The freezing of water

				b. The breaking of a stick

				c. The decay of fallen leaves

				d. The smashing of a watermelon

				e. The burning of gas in a stove

				f. The melting of ice cream

				2. Consider the processes of boiling and the souring of milk.

				a. What kind of changes are these?

				b. State the differences between them.

				3. What are some examples of common household chemical changes? Is cooking of soup considered a chemical change? If so, why?
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					Terminology

				

			

		

		
			
				change - өзгеріс / изменение;

				insect - жәндік / насекомое;

				rusting - тат басу, зеңдену / ржавление;

				melting - балқу / плавление;

				reaction - реакция / реакция; 

				frying - қуыру / жарить;

				breaking - сындыру / сломать;

				combustion - жану / сжигание;

				freezing - қату / замораживание.
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				CHAPTER 2
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					Facts
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				The light green leaves of early spring slowly darken as a chemical reaction in the leaves produces more of the green compound, chlorophyll.
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				States of Matter

			

		

		
			
				2.2
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				- know the various physical states of substances;

				- be able to explain the structure of solid, liquid and gaseous substances according to the kinetic theory of particles.
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					You will:
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				Which states of matter are common, 

				and which of them are rare?

			

		

		
			
				Scheme 2.2.1 Molecular model of state changes of water

			

		

		
			
				Figure 2.2.2  Olive oil

			

		

		
			
				Figure 2.2.3  Kolsay lake near Almaty

			

		

		
			
				Matter can be found in different states or phases in the universe. The most common states are: solid, liquid and gaseous. Plasma is often called the fourth state of matter.

				Through heating and cooling (or changing pressure), the matter may alter from one state to another (names and directions of these changes are given) as follows Scheme 2.2.1:

			

		

		
			
				Solid state

				Solid substances have a definite volume and shape. The particles (atoms or molecules) in solids are very close to each other - there is a minute amount of space between atoms or molecules. Solids can be picked up and carried around without a special container. Figure 2.2.1. 

			

		

		
			
				Liquid state

				Liquids have a definite volume but no definite shape. Liquids can flow, be poured and take the shape of their container. The particles in liquids are more loosely contained than those of solids. Therefore, that’s how liquids can flow. Figure 2.2.2-2.2.3. 
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				Figure 2.2.1 Diamond is a solid substance.
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					Facts
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				Plasma is considered the fourth state of matter.

			

		

		
			
				Electric plasma ball
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				CHAPTER 2

			

		

		
			
				Figure 2.2.4 Air balloons

			

		

		
			
				Figure 2.2.5  Oxygen mixture for anesthesia

			

		

		
			
				Gaseous state

				Gases have no definite volume and no definite shape. A gas takes shape and fills the volume of any container in which it is placed. Figure 2.2.4-2.2.5. Gas particles are apart from each other so that they can move freely. Gases will spread out if they are not in a container. Most gases are colorless and, therefore, cannot be seen.
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				How to make a non-Newtonian fluid

				Put water in a big bowl/container you adding corn starch until the water becomes extremely tough to stir. It has also been described as a syrupy substance, but you should be able to feel a difference. If you are not sure, you can test it by applying pressure with the poke of your finger or a spoon. You will feel an initial resistance by the fluid, and then it will slowly release.

			

		

		
			
				Activity
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					Facts
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				Non-Newtonian fluids are substances that don't behave as we expect them to; these fluids might look like one thing, but they behave like another - for example, starch solution.
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				Handmade non-newtonian fluid
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					Literacy

				

			

		

		
			
				What is the most common type of matter we use in daily life? Discuss in the classroom.

				Biology. Where can we see solid, gaseous and liquid states in the human body?

				Geography. What is the role of changing of state in the water cycle?

				Imagine that there are only two states of matter, solid and gas. How would life differ?
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					Terminology

				

			

		

		
			
				physical state - агрегаттық күй / агрегатное состояние;

				plasma - плазма / плазма;

				solid - қатты / твердый; 

				liquid - сұйық / жидкий;

				gaseous - газ тәрізді / газообразный; 

				definite - белгілі / определенный;

				shape - пішін / форма;

				particles - бөлшектер / частицы;

				sublimation - сублимация / сублимация;

				Non-Newtonian fluid - Ньютондық емес сұйық / Неньютоновская жидкость;

				starch - крахмал / крахмал.

				resistance - қарсылық / сопротивление.
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				Sublimation is the phase change process directly from the solid to the gas without passing through the intermediate liquid phase. The only elements that change are iodine and arsenic.
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					Science in context
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				The cooling process

			

		

		
			
				2.3
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				- draw a cooling curve and analyze it, explain your observations according to the kinetic theory of particles.
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					You will:
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				Why is it cold in winter?
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				 Hot water in the room cools over time, and water starts to freeze under 0°C - this type of process is called cooling. Cooling is a process in which heat transfers from a hotter object to a colder one. Figure 2.3.1, 2.3.4.

				In the autumn or fall, temperatures cool. Plants may begin to grow dormant. Animals might prepare themselves for the nearing cold weather, storing food or travelling to warmer regions. Figure 2.3.2. 

				 Winter often brings a cold. Some areas may experience snow or ice, while others see only cold rain. Figure 2.3.3. Animals find ways to warm themselves and may have changed their appearance to adapt.

				 The Sun's rays hit the Earth more directly, causing warmer temperatures. During the winter, the Earth is on the other side of the Sun, and the northern hemisphere gets less direct sunlight, causing cooler temperatures.

			

		

		
			
				Figure 2.3.1  Kansonar is a good time for hunting in Kazakh culture when the animal's footprints are visible on the first snow.
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				Go to phet.colorado.edu

				Search

				a) States of Matter: Basics

				b) Energy Forms and Changes

				- Compare particles in the three different phases.

				- Describe characteristics of three states of matter: solid, liquid and gas.
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					Research time

				

			

		

		
			
				Figure 2.3.3 Frozen soap bubble 

			

		

		
			
				Figure 2.3.4 Refrigerators are usually used to store food or items that need to be stored in a cool place.

			

		

		
			
				Figure 2.3.2 A group of flying birds
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				CHAPTER 2
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				№4. Cooling process

				Liquid sodium thiosulfate at 48°C is allowed to cool. The temperature of the liquid sodium thiosulfate is measured every minute as it cools.

				Materials: sodium thiosulfate samples, water bath, thermometer, burner, stopwatch, test tube, test tube holder. 

				Procedure:

				Put 10 g of sodium thiosulfate and a thermometer into a test tube. 

				Put the test tube in a hot water bath. Allow the sodium thiosulfate to melt and reach the temperature of the hot water.

				Take the test tube out of the hot water.

				Measure and record the temperature of the sodium thiosulfate every minute for about 15 minutes, stirring briefly to mix the hot and cold parts evenly.

				Plot a graph of temperature against time by using experimental values.

				  Observations:

				Note your observations.

				........................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................................

				  Conclusion and questions:

				Plot a graph

				
					T,°C 

				

				
					time

				

				
					1 min

				

				
					2 min

				

				
					3min

				

				
					...

				

				
					14 min

				

				
					15 min

				

				2. Did the crystals form all at once or a few at a time?

				..............................................................................................................................................................................................................................................................................................................................................................................................................................

				3. What is the melting point of sodium thiosulfate?

				............................................................................................................................................................................................................................................................................

			

		

		
			
				Laboratory work
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				time, min

			

		

		
			
				t, oC

			

		

		
			[image: ]
		

		
			
				Safety: Wear gloves. Wear eye protection. Wash hands after use.
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				cooling - суыту / охлаждение;

				freeze - қату / замораживание;

				condensation - конденсация / конденсация;

				melting point - балқу температурасы / температура плавления;

				preserve - сақтау / сохранять 
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					Literacy

				

			

		

		
			
				Why do we keep food cold to preserve it? Why can't we keep it warm?

				Geography. What is the average degree in the winter season in your region?

				What is the difference between snow and rain?

				Why do some animals sleep all winter?
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					Terminology
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					Facts
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				The lowest temperature recorded in Kazakhstan (Atbasar city) was -57oC. 
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				The heating process

			

		

		
			
				2.4
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				 - know the process of boiling water;

				- be able to build a heating curve and analyze it.
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					You will:
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				Why do geysers erupt hot water fountains?
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				 Give each student an ice cube and two paper towels. Have them hold the ice in their hand and observe what happens. Record their observations on the board. When you’ve finished the obser-vations, collect the ice cubes in the plastic tub.

				Discussion Questions:

				1. What happened to the ice cubes?

				2. What did your hand feel as the ice was melting?

				3. Why did the ice melt?

			

		

		
			
				Activity
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				Figure 2.4.1 

				Home cooking by using gas stove 
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				Molecules before heating

			

		

		
			
				Molecules after heating

			

		

		
			
				Figure 2.4.2  Heating radiator in room 

			

		

		
			
				 Everyone probably knows something about the heat. We often use the word to describe something that feels hot when we touch it or describe a hot day. To fully understand what heat is, we first have to understand something about energy. Energy has to do with the movement of the particles that make up the matter. If we were to look up close at the particles of something very cold, we would see them moving very slowly. If their movement is very slow, they have less energy than the particles that make up something hot. For example, particles of hot water in a pot would vibrate very quickly, so they would contain lots of energy. Scheme 2.4.1.

			

		

		
			
				 When we are in our homes or schools, we use heaters. These heaters heat the air right above them and eventually transfer this heat energy to the rest of the air in the room. Figure 2.4.1. Toasters and coffee makers are two other sources of heat energy found in our home. 

				Our bodies produce heat. You can tell this by holding a piece of ice. After a 
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				Scheme 2.4.1  With an increase in temperature, the particles gain kinetic energy and move faster.

			

		

		
			
				few minutes, the heat energy from your body is transferred to the ice causing it to melt. Other sources of heat energy are heater, gas stove, fire, and hot water bath. We use heat energy for cooking food, to warm ourselves in winters and to make electricity. Figure 2.4.2.
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				CHAPTER 2
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					Facts
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					Facts

				

			

			
				[image: ]
			

		

		
			
				At normal atmospheric pressure (100 kPa), the boiling point of water is 100°C. At 4000 m above sea level (where the pressure drops to 60 kPa), water boils at about 85°C. It takes more time to cook food in the mountains.

			

		

		
			
				Notable thermal springs in south Kazakhstan are in the Almaty region (Chundja).

			

		

		
			
				Glass kettle with boiling water 
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				heating - жылыту / отопление;

				boiling - қайнату / кипение;

				heat energy - жылу энергиясы / тепловая энергия;

				heater - жылытқыш / нагреватель;

				melting - балқу / плавление;

				evaporation - булану / испарение.
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					Terminology

				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				№5. Water evaporation

				In this lab work, students test evaporation rates for water. Next, students use a thermometer to measure the temperature change during evaporation.

				Materials: water, flask, thermometer, burner, stands and clamps, stopwatch. 

				Procedure:

				Pour 20 ml of water into a flask.

				Put a thermometer into the flask.

				Heat the flask on the burner until the water boils. 

				Measure and record the temperature of the water every minute for about 15 minutes. 

				Plot a graph of temperature against time by using experimental values.

				 Observations:

				1. Note your observations.

				 Conclusion and questions:

				1. Plot a graph

				
					T,°C 

				

				
					time

				

				
					1 min

				

				
					2 min

				

				
					3min

				

				
					...

				

				
					14 min

				

				
					15 min

				

				2. Is evaporation a cooling process or a heating process? And why?

				3. Using what you’ve learned in this lab work, why do you think people sweat?

			

		

		
			
				Laboratory work
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				t, oC

			

		

		
			
				time, min
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				Safety: Wear disposable gloves. Wear eye protection.

			

		

	
		
			
				Chapter review exercises
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				1. The picture below shows an alkali metal reacting with water. A yellow flame is observed.

			

		

		
			
				1) Tearing of paper _______________________

				2) Burning of wood _______________________

				3) Painting a picture ______________________

				4) Burning of a gas _______________________

				5) Boiling of tea __________________________

			

		

		
			
				6) Burning of candle ____________________ 

				7) Spoiling of meat _____________________

				8) Freezing of water ____________________

				9) Burning of coal ______________________

				10) Frying of meat ______________________

			

		

		
			
				• State 4 other observations for this reaction.

				I. ___________________________________

				II. ___________________________________

				III. ___________________________________

				IV. ___________________________________
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				3. Which of these models show the process of freezing? Circle the correct letter.

			

		

		
			
				For this process (freezing) to take place, heat:

				A. Must be added 

				B. Must be taken away

			

		

		
			
				4. Alcohol rubbed on your arm would quickly evaporate. The evaporating alcohol causes your arm to feel cool because enough heat was taken from _______________ to cause evaporation.

				A. The air

				B. The classroom lights

				C. The sun

				D. Your arm

			

		

		
			
				A.

			

		

		
			
				B.

			

		

		
			
				C.

			

		

		
			
				
					[image: ]
				

				
					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

				

				
					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

				
					[image: ]
				

			

			
				
					[image: ]
				

				
					
						
							[image: ]
						

					

				

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					
						[image: ]
					

				

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					
						[image: ]
					

				

			

		

		
			
				2. Classify the followings as chemical or physical change:

			

		

	
		
			
				Chapter review exercises
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				6. Classify the following changes as a chemical and a physical:

			

		

		
			
				7. How is cooling represented on a graph?

			

		

		
			
				Time (min)

			

		

		
			
				Time (min)

			

		

		
			
				Temperature, oC

			

		

		
			
				Temperature, oC

			

		

		
			
				
					Changes 

				

				
					Physical

				

				
					Chemical

				

				
					Breaking a glass 

				

				
					Baking a cake

				

				
					Frying egg

				

				
					Nail rusting

				

				
					Match burning

				

				
					Fireworks

				

				
					Water boiling
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				5. The diagrams show atoms or molecules of a gas, a solid and a liquid. Tell which model shows each state of matter and explain how you found it.

			

		

		
			
				A. Shows molecules or atoms of a ________________. I could find that because ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

			

		

		
			
				A. Shows molecules or atoms of a ________________. I could find that because ………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

			

		

		
			
				A. Shows molecules or atoms of a ________________. I could find that because …………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

			

		

	
		
			
				Chapter review exercises
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				8. Classify the following matter as a solid, liquid or gas. 

			

		

		
			
				9. Classify the following matter as a solid, liquid or gas. 

			

		

		
			
				10. Using the information in the table, draw the graph of the cooling process.

			

		

		
			
				Books Steam Milk Shoe Clouds Water

			

		

		
			
				Computer Blood Gasoline Rock Ketchup Air ballon

			

		

		
			
				
					Solid

				

				
					Liquid

				

				
					Gas

				

			

		

		
			
				
					Solid

				

				
					Liquid

				

				
					Gas

				

			

		

		
			
				
					t, oC

				

			

			
				
					time, min
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					Time (min)

				

				
					1

				

				
					2

				

				
					3

				

				
					4

				

				
					5

				

				
					6

				

				
					7

				

				
					8

				

				
					9

				

				
					10

				

				
					11

				

				
					12

				

				
					13

				

				
					14

				

				
					15

				

				
					Tempe-rature (oC)

				

				
					90.1

				

				
					88.5

				

				
					85.3

				

				
					83.0

				

				
					82.8

				

				
					80.5

				

				
					80.4

				

				
					80.2

				

				
					80.0

				

				
					79.9

				

				
					79.8

				

				
					79.7

				

				
					78.1

				

				
					74.4

				

				
					69.0

				

			

		

		
			
				
					Time (min)

				

				
					16

				

				
					17

				

				
					18

				

				
					19

				

				
					20

				

				
					Tempe-rature (oC)

				

				
					60.9

				

				
					59.3

				

				
					58.2

				

				
					57.5

				

				
					56.0

				

			

		

	
		
			
				Chapter review exercises
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				11. Water can exist in 3 different states of matter.

				• The changes of states are represented by the letters A, B, C and D, in the diagram below. 

			

		

		
			
				Complete the table below, giving the name of the change of state represented by each letter. 

			

		

		
			
				12. States of matter.
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					Change of state

				

				
					Name of the change of state

				

				
					A

				

				
					B

				

				
					C

				

				
					D

				

			

		

		
			
				
					State

				

				
					Add heat/cold

				

				
					New state

				

				
					Example

				

				
					Solid

				

				
					+ heat

				

				
					Liquid

				

				
					+ heat

				

				
					Gas

				

				
					+ cold

				

				
					Liquid

				

				
					+ cooling

				

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				1. Papermaking is a series of physical and chemical changes. 

				The world consumption of paper has grown to about 400% in the last 40 years.

				The bar chart shows the consumption of paper and paperboard in selected countries worldwide in 2018 (in 1,000 metric tons). /www.statista.com/

				- Which country is the largest producer of paper in the world?

				- What is the raw material for making paper?

				- In 2018, 104 million tons of paper were both produced and consumed in China. How many trees will be cut if 42% of the world's wood production is used to make paper? To produce one tonne of paper, people must cut down 24 trees.
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				Chapter review exercises
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				2. Determine the physical states of the following substances in different condition:

				3. From the illustrations below 

				- describe the change that has occurred and

				- determine whether the change was a physical change or a chemical change.

				Justify your answer.

			

		

		
			
				
					Substance

				

				
					Melting point, oC

				

				
					Boiling point, oC

				

				
					State at -120oC

				

				
					State at 25oC

				

				
					State at 300oC

				

				
					Potassium

				

				
					63,5

				

				
					758.8

				

				
					Water

				

				
					0

				

				
					100

				

				
					Carbon dioxide

				

				
					- 78.46 

				

				
					- 78.46

				

				
					Gold

				

				
					1064

				

				
					2700

				

				
					Olive oil 

				

				
					- 6.0

				

				
					180

				

				
					Aluminium

				

				
					660.3

				

				
					2470

				

				
					Oxygen

				

				
					- 218.8

				

				
					- 183

				

				
					Candle wax

				

				
					80

				

				
					370

				

				
					Copper

				

				
					1085

				

				
					2562
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				A. Chlorine gas has a pungent, sharp odor.

				B. Sulfur cannot be decomposed.

				C. Phosphorus is a red solid.

				D. Copper sulfate is a crystalline solid.

				E. Wood does burn.

				F. Silver is a liquid at 1000oC.

			

		

		
			
				G. Helium gas is not combustible.

				H. The density of water at 4oC is 1 g/cm3.

				I. Lime tastes sour.

				J. Silver does tarnish.

				K. Ethanol is colorless liquid.

				L. Sodium is an active metal.

			

		

		
			
				1. Determine whether each of the following represents a physical property or a chemical property:

			

		

		
			
				Evaporation of water

			

		

		
			
				Filtration of mixture

			

		

		
			
				Distillation process

			

		

	
		
			
				Chemistry in life
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				1. The world's highest recorded temperature was in the Sahara Desert. It raised nearly up to 58°C.

			

		

		
			
				2. Heat energy from coal combustion is used to boil water and produce high-pressure steam, which produces kinetic energy in cylinders and sound energy in whistles.

			

		

		
			
				3. Antifreeze keeps the water in your radiator and engine from freezing in cold temperatures.

			

		

		
			
				4. Thermos bottles are used for maintaining the temperature of liquids such as coffee and tea.
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				S U M M A R Y
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				Physical and chemical changes

				Physical change is a usually reversible change in physical properties, as size or shape. Example: melting, freezing, boiling, chopping, etc.

				A chemical change is a chemical reaction that forms new products. Example: burning, rotting, rusting, photosynthesis.

				Physical states of matter

				Matter can exist in one of three main states: solid, liquid, or gas.

				Solid is a state of matter where the molecules are packed closely together and usually arranged in a regular pattern.

				In a liquid, the particles are free to move and take the shape of their container.

				Gas is a state of matter that has no fixed shape and no fixed volume. Gases have a lower density than other states of matter.

				Cooling and heating 

				Cooling is lowering the temperature of an object to a predetermined end temperature.

				Boiling is the transition of a liquid to vapor, which occurs with the formation of vapor bubbles in the volume of the liquid. 	 

				   

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

	
		
			
				Summative assessment
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				1. Color the squares with liquids red, the squares with gases green and the squares with solid yellow. 

			

		

		
			
				2. Classify the following as examples of a physical change and a chemical change:

				 - water is heated and changed into steam

				 - hydrogen peroxide decomposes into water and oxygen gas

				 - iron rusts

				 - ice melts

				 - acid poured on limestone produces carbon dioxide gas

				 - milk sours

				 - wood burns 

				3. Wood that has burned and formed carbon dioxide and water vapor has gone through a

				A. chemical change

				B. physical change

				C. change in state

				D. change in color

				4. Name two indications that a chemical change has occurred.

				5. What is the difference between a chemical and a physical change? 

				6. A sheet of paper is torn in half. Another sheet of paper is burned. The third sheet of paper is crumpled into a ball. 

				a) What kind of change has each sheet of paper undergo? 

				 torn___________ burned__________ crumpled _________. 

				b) In which sheet(s) of paper have the molecules changed?

				c) In which sheet(s) of paper have the molecules not changed? 

				7. Classify each example as a physical change and a chemical change. Give one piece of evidence for each classification:

				 rusting of metal, breaking glass, burning paper, cooking an egg

				8. The temperature at which a substance changes from a liquid to gas is called:

				A. boiling point

				B. melting point

				C. freezing point

				D. condensation point

				9. The temperature at which a substance changes from a solid to liquid is called:

				A. boiling point 

				B. condensation point

				C. melting point

				D. freezing point

				10. What needs to be added to a solid to make it a liquid?

				A. gas

				B. air 

				C. energy

				D. water

			

		

		
			
				

				
					LIQUID

				

				
					SOLID

				

				
					 has a definite size, but nodefinite shape

				

				
					
						[image: open-book-with-text-lines.png]
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					 water takes  has a dethis form

				

				
					 has a definite size andshape

				

				
					GAS

				

				
					 has no definite sizeand shape
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					 can bepoured
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					 water takesthis form

				

				
					 takes shape and size ofany container
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					 things take this form when theyfreeze

				

				
					 takes the shape of the container butnot the size
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					 water takes this state  water chanbetween and

				

				
					 water changes to  ￼ ￼ ￼ solthis state
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					 solids take this state when theymelt
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					 liquids take this state when theyevaporate
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				science history

			

		

		
			
				In the 5th century BC, Empedocles classified all substances as combinations of four elements: air, earth, fire, and water.

			

		

		
			
				Aristotle reasoned that the heavens were composed of a fifth element, called ether.

			

		

		
			
				There are four states of matter common in everyday life — gases, liquids, solids, and plasmas. However, there is also the fifth state of matter — Bose-Einstein condensates (BECs). 

				In 2001 the Nobel Prize for Physics had been awarded to researchers (Eric A. Cornell, Wolfgang Ketterle, and Carl. E. Wieman) who created the first Bose-Einstein condensates.

			

		

		
			
				Aristotle 

				(384-322 BC)

			

		

		
			
				Eric A. Cornell

			

		

		
			
				W.Ketterle

			

		

		
			
				Carl. E. Wieman

			

		

		
			
				Empedocles 

				(490 BC- 430 BC)
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				Atoms. Molecules. Compounds

			

		

		
			
				3
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				3.1 Atoms and molecules

				3.2 Chemical elements. 

				Simple and complex 

				substances

				3.3 Composition and struc-ture of the atom. Isotopes

				Chapter review exercises

				Chemistry in life

				Summary

				Atomic age timeline

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Everything in the world is made up of tiny particles (atoms and molecules). The types of atoms that make up matter are called elements. There are currently 118 known elements in science. By combining these ele-ments in different proportions, a lot of things are syn-thesized. Scientists have discovered that the smallest particle, the atom itself, is made up of very, very small particles. Therefore, the structure of the atom is an infinite nano-world! This chapter will learn about atoms and molecules, atomic structure, chemical elements, and compounds.

			

		

		
			
				- Atoms and molecules;

				- Structures of solids, liquids, and gases.

				- Chemical compounds in daily life;

				- Working with microscope;

				- Microworld and macroworld;
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				ATOMS AND MOLECULES

			

		

		
			
				3.1
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				- know the difference between atoms and molecules.
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					You will:
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				If no one can see an atom with a naked eye, how do we know they exist?
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				Atom

				 When we look around us, the things we see - trees, animals, ships, televisions, computers, etc. - all consist of tiny particles. Figure 3.1.1-3.1.2. These particles are so small that we can not see them with the naked eye. The presence of atoms can easily be shown with the help of today’s technology, either by utilizing computer facilities that can visualize atoms or through their behaviors in different chemical reactions. 

				There are many different types of atoms, each with its name, mass, and size. These different atoms are called chemical elements. The chemical elements are organized on the periodic table. Examples of elements are hydrogen and gold.

				 Atoms are tiny, but the exact size changes depending on the element. Atoms range from 0.1 to 0.5 nanometers (10-9) in width. One nanometer is about 100,000 times smaller than the width of a human hair. This size makes atoms impossible to see without special tools. Figure 3.1.3.

			

		

		
			
				 Atoms are empty space. The nucleus of an atom is incredibly dense and contains nearly all of the mass of each atom. Electrons contribute very little mass to the atom (it takes 1836 electrons to equal the size of a proton) and orbit so far away from the nucleus that each atom is 99.99% empty space. If the atom were the size of a sports arena, the nucleus would be the size of a pea. Although the nucleus is much denser compared to the rest of the atom, it too consists mainly of empty space.

			

		

		
			
				Figure 3.1.3  Modern electron microscopes can magnify objects up to two million times.
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				Figure 3.1.1  Metal atoms in the composition of 100 tenge 

			

		

		
			
				 Figure 3.1.2  A water molecule consists of two hydrogen atoms and one oxygen atom (Lake Kaindy)
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				CHAPTER 3

			

		

		
			
				A short history of the atom

				Democritus (460–400 BC), a Greek philosopher, first proposed that the universe was made up of tiny particles and named them ‘atomos’, which means ‘indivisible’ in Greek. Aristotle, however, thought that matter was continuous, that there was no limit on how finely you could cut it up. Atomic theory stayed as a mostly philosophical subject, with not much actual scientific investigation or study. 

				Democritus’ view was victorious that all substances are composed of tiny particles. These particles have all the characteristic properties of their substances. Many philosophers and scientists have worked since the beginning of the 5th century B.C. to define these particles. Until the 20th century, scientists such as Rutherford, Planck, Einstein, Bohr and Shrodinger, the atom was a secret box. 

			

		

		
			
				Molecule

				 Atoms join together to make molecules. Everybody knows the formula of water—it’s H2O. This formula tells us that, in a molecule of water, 2 hydrogen atoms and 1 oxygen atom are bonded together into a unit. An individual water molecule is the smallest unit of water that exists. Figure 3.1.4. When a molecule consists of just two atoms, it’s called a diatomic molecule. For example, nitrogen in air exists in the form of N2.

				A molecule is defined as the smallest particle of an element or a compound that retains the characteristics of the original substance.

			

		

		
			
				 Figure 3.1.4 The structure of matter
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				atom - атом / атом;

				molecule - молекула / молекула;

				to propose - ұсыну / предложить;

				indivisible - бөлінбейтін / неделимый; 

				tiny - кішкентай / крошечный;

				universe - ғалам / вселенная;

				“Milky Way” galaxy - “Құс жолы” галактикасы / галактика “Млечный путь”. 
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					Literacy

				

			

		

		
			
				What are the differences between atoms, elements, and molecules?

				Where are atoms found?

				How do we know which atoms are found in substances?

				How do we know what atoms look like? Do we have microscopes that can see atoms?

				If you leave a football outside for a few days, it loses its shape. What happens to the ball? Explain.
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					Terminology
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					Facts
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				The most abundant type of atom in the universe is the hydrogen atom. Nearly 74% of the atoms in the Milky Way galaxy are hydrogen atoms.

			

		

		
			
				Go to phet.colorado.edu 

				Search "Build a Molecule". Construct following molecules.
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					Research time
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				CHEMICAL ELEMENTS. SIMPLE AND COMPLEX SUBSTANCES

			

		

		
			
				3.2
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				- know that each chemical element is denoted by a symbol and is a certain type of atoms;

				- classify elements into metals and nonmetals;

				- classify substances into simple and complex.
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					You will:
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				Which chemical elements were used to make your smartphone?

			

		

		
			
				Figure 3.2.1 

				Some symbols of elements 
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				The symbol for elements can have up to two letters in Latin. The first letter is always capitalized, and the second must be lowercased. For example, H: Hydrogen and Al: Aluminium.

			

		

		
			
				Figure 3.2.2 Gold is a soft golden-yellow metal. (Badge in the form of a leopard with a toothed plate, Issyk Kurgan)
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					Keep in mind
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				Figure 3.2.3 The Periodic Table of elements is the most popular in chemistry

			

		

		
			
				Elements

				 Elements contain only one type of atom. Therefore, they are pure substances. For instance, the iron element contains only iron atoms and oxygen and is made up only of oxygen atoms. Figure 3.2.1. 

				The use of symbols shows an element name; gold (Au), oxygen (O) and calcium (Ca) are some examples of elements. Today, 118 elements have been identified, of which the first 94 occur naturally on Earth, with the remaining 24 being synthetic elements. Elements can be classified as metals and nonmetals.

				All symbols for elements are placed on a special table called the Periodic table. Figure 3.2.3.

			

		

		
			
				Properties of elements

				1. An element cannot be broken down into another substance.

				2. The basic building blocks of elements are atoms.

				3. When elements react with each other, they produce compounds.
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				Properties of Metals

				1. They are good conductors of electricity.

				2. They are solid in room conditions.

				3. They have a metallic, shiny color. Figure 3.2.2.

				4. They can be hammered into sheets.

				5. They can be drawn into wires.

			

		

		
			
				Read the poem by Kadyr Myrza Ali "Mendeleev Kestesi".

				What chemical elements are mentioned in the poem?
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					Research time
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				CHAPTER 3

			

		

		
			
				Figure 3.2.4 

				Laboratory sample of pure sulfur

			

		

		
			
				Properties of Nonmetals

				1. They do not conduct electricity, except for carbon (graphite).

				2. They can be solid, liquid or gaseous at room conditions.

				3. They have a dull color.

				4. They are brittle (cannot be hammered). Figure 3.2.4.

				5. They cannot be drawn into wires.

			

		

		
			
				 Pure substances

				 In everyday life, everyone is faced with many mixed substances, dealing not only with clean but also polluted substances. It is important to distinguish between these concepts and to determine by specific signs what you are dealing with: a pure or polluted substance, a pure substance or mixtures. We want to use only water that does not contain harmful impurities. We want to breathe air not polluted by harmful gases. In medicine and the production of drugs, obtaining and using pure substances is especially relevant. The classification and general characteristics of pure substances are presented in Table 3.2.1.

				 Simple substances are made up of atoms of the same kind. Complex substances are made up of different kinds of atoms.

			

		

		
			
				Currently, 118 chemical elements are known that form about 500 simple substances. Figure 3.2.5.

			

		

		
			[image: ]
		

		
			
				Table 3.2.1  Differences between simple and complex substances

			

		

		
			
				
					Pure substances

				

				
					Examples

				

				
					Structural features

				

				
					Silmple substances

				

				
					Oxygen, O2

					Sulfur, S8

					Iron, Fe

					Helium, He

				

				
					Molecules are made of atoms of a single element.

				

				
					Complex substances

				

				
					Water, H2O

					Carbon dioxide, CO2

					Sodium chloride, NaCl

					Sucrose, C12H22O11

				

				
					Molecules are made of atoms of a two or more elements.

				

			

		

		
			
				chemical element - химиялық элемент / химический элемент; 

				complex substance - күрделі зат / сложное вещество;

				synthetic - синтетикалық / синтетический;

				metals - металдар / металлы;

				nonmetals - бейметалдар / неметаллы; 

				noble gases - асыл газдар / благородные газы;

				unreactive - реактивті емес / нереактивный;

				compound - қосылыс / соединение;

				conductor - өткізгіш / проводник;

				brittle - морт, сынғыш / хрупкий;

				dull - күңгірт / тусклый.
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					Literacy

				

			

		

		
			
				How many elements in the modern Periodic table?

				Write symbols of these elements: hydrogen, sodium, chromium, phosphorus, bromine, argon, lead and uranium.

				What are the chemical elements essential to living organisms?

				Classify the following as elements and compounds: sand, hydrogen peroxide, oxygen, ozone, lead, nitrogen gas, baking soda, silver, table salt, gold, glucose, sugar, air, graphite, antifreeze. 

				What are the five physical properties of copper?
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					Terminology
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				Molecules of simple substances (O2)

			

		

		
			
				Molecules of complex substances (CO2)

			

		

		
			
				Figure 3.2.5  Simple and complex substances
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					Facts
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				Most of the elements on the periodic table are metals. All metals are classified as alkali metals, alkaline earth, basic metals, transition metals, lanthanides and actinides.
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				Composition and structure of the atom. Isotopes 

			

		

		
			
				3.3
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				- know the proton, electron, neutron and their location in the atom, mass, charge;

				- know the structure of the atom and the composition of the atomic nucleus of the first 20 elements;

				- know the concept of "isotope". 
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					You will:
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				Is there nothing smaller than an atom? What about proton, neutron, and electron?

			

		

		
			
				Figure 3.3.1 A representation of an atom

			

		

		
			
				Table 3.3.1  Subatomic particles

			

		

		
			
				Subatomic particles 

				Up to the 20th century, atoms were accepted as indivisible (it cannot be divided into small parts). Today, we know otherwise.

				During the last century, nuclear reactions showed us how an atom’s division is possible. With the help of nuclear reactions, an atom’s nucleus can be divided into parts to produce huge amounts of energy. Now let’s answer the next question: what are the subatomic particles of an atom?

			

		

		
			
				 In an atom sphere, there is a nucleus at the center. An atom’s nucleus contains protons and neutrons. Electrons are also found in an atom, but they move so quickly that we only know that they are around the nucleus.  There are three parts to an atom. Table 3.3.1

				Proton (p) is a positively charged particle found in the nucleus of an atom.Neutron (n) is an uncharged particle found in the nucleus of an atom.Electron (e-) is a negatively charged particles found around the nucleus of an atom. Figure 3.3.1.
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					Symbol

				

				
					Charge

				

				
					 Atomic massunit

				

				
					Mass (kg)

				

				
					Proton

				

				
					p

				

				
					+

				

				
					1

				

				
					1.67 • 10–27

				

				
					Neutron

				

				
					n

				

				
					0

				

				
					1

				

				
					1.67 • 10–27

				

				
					Electron

				

				
					e

				

				
					-

				

				
					≈1/2000

				

				
					9.11 • 10–31

				

			

		

		
			
				Protons and

				neutrons

			

		

		
			
				Electron

			

		

		
			
				Nucleus

			

		

		
			
				Atomic structures of elements

				All chemical elements are composed of subatomic particles. Below are the atomic structures of lithium Li and sodium Na. Figure 3.3.2-3.3.3. and some chemical elements. Table 3.3.2
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				In chemistry, the term nucleus (plural nuclei) is used for atoms as it is used for the nucleus of a cell in biology.
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					Keep in mind
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				Atoms are tiny. The average atom is about one-tenth of a billionth of a meter across. The largest atom (cesium) is approximately nine times bigger than the smallest atom (helium).
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					Facts
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				CHAPTER 3

			

		

		
			
				Table 3.3.2  Atomic structures of some elements

			

		

		
			
				Figure 3.3.2  Atomic structure of Lithium 3Li

			

		

		
			
				Figure 3.3.3  Atomic structure of Sodium 11Na

			

		

		
			
				Isotopes 

				 All of the atoms’ nuclei of an element have the same number of protons, but their number of neutrons may be different. For example, there are three types of hydrogen atoms, and they differ only in their number of neutrons. Figure 3.3.4.

			

		

		
			
				Isotopes can be defined as atoms with the same number of protons but a different number of neutrons. The number of protons and electrons of an isotope is equal. Isotopes have similar chemical properties but different physical properties.

			

		

		
			
				

				
					Element

				

				
					 Number ofprotons

				

				
					 Numberof

					neutrons

				

				
					 Atomicnumber

				

				
					 Atomicmass

					number

				

				
					 Number ofelectrons

				

				
					Hydrogen

				

				
					1

				

				
					0

				

				
					1

				

				
					1H

				

				
					1

				

				
					Lithium

				

				
					3

				

				
					4

				

				
					3

				

				
					7Li

				

				
					3

				

				
					Carbon

				

				
					6

				

				
					6

				

				
					6

				

				
					12C

				

				
					6

				

				
					Oxygen

				

				
					8

				

				
					8

				

				
					8

				

				
					16O

				

				
					8

				

				
					Chlorine

				

				
					17

				

				
					18

				

				
					17

				

				
					35Cl

				

				
					17

				

				
					Potassium

				

				
					19

				

				
					20

				

				
					19

				

				
					39K

				

				
					19

				

				
					Calcium

				

				
					20

				

				
					20

				

				
					20

				

				
					40Ca

				

				
					20

				

			

		

		
			
				
					Figure 3.3.4  Types of hydrogen atoms
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					PROTIUM

				

			

			
				
					PROTON

				

			

			
				
					PROTON

				

			

			
				
					PROTON

				

			

			
				
					ELECTRON

				

			

			
				
					NEUTRON

				

			

			
				
					NEUTRON

				

			

			
				
					ELECTRON

				

			

			
				
					ELECTRON

				

			

			
				
					DEUTERIUM

				

			

			
				
					TRITIUM
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				composition - құрамы / состав;

				isotope - изотоп / изотоп;

				proton - протон / протон;

				electron - электрон / электрон;

				neutron - нейтрон / нейтрон;

				subatomic particles - атомдық құрамбөлшектер / субатомные частицы;

				nucleus - ядро / ядро; 

				similar - ұқсас / аналогичный. 
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					Literacy

				

			

		

		
			
				What is the atom? Is it the smallest particle of the matter?

				Compare the properties of protons and neutrons.

				What do atoms look like in real life?

				What is the definition of the isotope?

				Write charges of subatomic particles. 
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					Terminology
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				Although atoms are the smallest unit of an element, they consist of even tinier particles called quarks and leptons. An electron is a lepton. Protons and neutrons consist of three quarks each.
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					Science in context
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				Chapter review exercises
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				1. Identify each element as a metal and nonmetal 

			

		

		
			
				2. List physical properties of metals and nonmetals	
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					Copper

				

				
					Aluminium

				

				
					Hydrogen

				

				
					Lithium

				

				
					Sulfur

				

				
					Helium

				

				
					Calcium

				

				
					Boron

				

				
					Magnesium

				

				
					Phosphorus

				

			

		

		
			
				
					Color

				

				
					Physical state

				

				
					Aluminium

				

				
					Hydrogen

				

				
					Lithium

				

				
					Sulfur

				

				
					Helium

				

				
					Calcium

				

				
					Boron

				

				
					Magnesium

				

				
					Phosphorus

				

			

		

		
			
				3. Classify each of the following as simple substances (SS) and complex substances (CS). 

			

		

		
			
				
					Gold

				

				
					Ammonia

				

				
					Hydrogen peroxide

				

				
					Sodium

				

				
					Diamond 

				

				
					Hydrogen

				

				
					Table salt 

				

				
					Alcohol solution

				

				
					Iron

				

				
					Baking soda

				

				
					Sugar 

				

				
					Silver 

				

				
					Water

				

				
					Sand 

				

				
					Sulfur

				

			

		

	
		
			
				Chapter review exercises
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				4. Hydrogen peroxide H2O2 is a mild antiseptic used on the skin to prevent minor cuts, scrapes, and burns. It may also be used as a mouth rinse to help remove mucus or relieve minor mouth irritation.

			

		

		
			
				I. Hydrogen peroxide contains hydrogen and oxygen.

				• Complete the table below to give information about atoms of hydrogen and oxygen

			

		

		
			
				II. Hydrogen peroxide can easily break down or decompose into water and oxygen. Natural oxygen is composed of three isotopes: oxygen-16 (99.76%), oxygen-17 (0.04%), and oxygen-18 (0.20%). Using the data, calculate the average atomic mass of oxygen.

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				5. The diagram below represents an atom of an element. The electrons are missing from the diagram.

			

		

		
			
				• State the atomic number of this element.

				______________________________________

				• State the mass number of this element 

				______________________________________

				• Name the part of the atom in which the protons and neutrons are found.

				______________________________________

			

		

		
			
				• Name the chemical element.

				_______________________________________________________________________________

				• Where we use this chemical element in daily life? 

				_______________________________________________________________________________
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					Atom

				

				
					Atomic number

				

				
					Atomic mass 

					number

				

				
					Number of protons

				

				
					Number of neutrons

				

				
					Number of electrons

				

				
					11H

				

				
					168O
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				Chapter review exercises
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				6. Fill the table below.

			

		

		
			
				7. Structure of which atom is given below? Show from what does it consist.

			

		

		
			
				8. The diagram below shows the isotopes of the unknown element. Each part in the pie chart represents an isotope of this element.

			

		

		
			
				• What is meant by the term isotope?

				___________________________________________

				___________________________________________

			

		

		
			
				X-33 (0.8%)

				X-32 (94.9%)

				X-34 (4.3%)

			

		

		
			
				
					Type of atom

				

				
					Atomic mass 

				

				
					Atomic number

				

				
					Number of protons

				

				
					Number of neutrons

				

				
					Number of electrons

				

				
					Carbon

				

				
					Aluminium

				

				
					Calcium

				

				
					Lithium 

				

				
					Phosphorus

				

				
					Argon
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				Chapter review exercises
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				• Based on the pie chart above, how many isotopes of the element are present in the sample? 

				______________________________________________________________________________

				• What is the mass of the isotope with the most incredible relative abundance? 

				______________________________________________________________________________

				• Suggest the identity of the element using your Data Leaflet.

				______________________________________________________________________________

				• Calculate the average atomic mass of the element.

				______________________________________________________________________________

				______________________________________________________________________________

				______________________________________________________________________________

			

		

		
			
				9. The element neon has three naturally occurring isotopes 20Ne, 21Ne and 22Ne. 

				• Complete the table below to give the number of protons, electrons and neutrons present in one atom of each of the isotopes of neon

			

		

		
			
				• Explain what you understand by the term isotopes.

				______________________________________________________________________________

				______________________________________________________________________________

				______________________________________________________________________________

				10. Students collected information on densities of chemical elements:

				A student thinks of displaying the results in a pie chart.

				Give one reason why a pie chart is unsuitable for displaying these data.

			

		

		
			
				
					Isotope

				

				
					Number of protons

				

				
					Number of electrons

				

				
					Number of neutrons

				

				
					20Ne

				

				
					21Ne

				

				
					22Ne

				

			

		

		
			
				
					Elements

				

				
					Aluminium

				

				
					Copper

				

				
					Silver

				

				
					Iron

				

				
					Gold

				

				
					Lithium

				

				
					Mercury

				

				
					Density, g/cm3

				

				
					2.70

				

				
					8.96

				

				
					10.49

				

				
					7,874

				

				
					19.30

				

				
					0.534

				

				
					13.60

				

			

		

	
		
			
				Chemistry in life
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				1. This calculator is powered by a solar cell made of selenium and nickel.

			

		

		
			
				2. Iodine was first discovered in seaweed, and many plants and animals in the sea have high io-dine levels.

			

		

		
			
				3. Saturn's atmosphere is made up of clouds of hydrogen and helium.

			

		

		
			
				4. An adult human body typically contains about 4 grams of iron – more than half of it bound up in haemoglobin.
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				S U M M A R Y
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				Atoms. Мolecules. Compounds

				Difference between atom and molecule

				Chemical element - a species of atoms having the same number of protons in the atomic nucleus. Element symbols for chemical elements typically consist of one or two letters from the Latin alphabet and are written with the first letter capitalised.

				A simple substance is a substance consisting of only one type of atom. Example: sulfur, oxygen, iron, potassium, etc.

				Complex substances are substances that consist of 2 or more chemical elements.

				Example: water, sodium chloride, glucose, sand, etc.

				Atoms are the basic units of matter and the defining structure of elements. Atoms consist of three basic particles: protons, electrons, and neutrons.

				Proton - a positively charged elementary particle that is a fundamental constituent of all atomic nuclei.

				Neutron - an elementary particle having no charge, mass slightly greater than that of a proton.

				Electron - an elementary particle that is a fundamental constituent of matter, having a negative charge.

				Isotope - any of two or more forms of a chemical element, having the same number of protons in the nucleus, or the same atomic number, but having different numbers of neutrons in the nucleus, or different atomic weights.

			

		

		
			
				
					Atom

				

				
					Molecule

				

				
					Atom is the smallest singular entity of an entity.

					It consists of subatomic particles: protons, neutrons, electrons.

					Not stable alone.

					It cannot be separated into subatomic particles by chemical reactions. 

				

				
					Molecules are made of 2 or more atoms.

					It consists of more than two atoms, either of the same element or different elements.

					Stable alone.

					Can be separated into atoms by chemical reactions.  

				

			

		

		
			
				
					Chemical elements

				

				
					Metals

				

				
					Nonmetals

				

				
					Solid (except mercury)

				

				
					Solid (carbon, sulfur, phosphorus, iodine), liquid (bromine) and gaseous (oxygen, hydrogen, fluorine, chlorine, nitrogen).

				

				
					Metallic luster

				

				
					Metallic luster not have

				

				
					Good conductors of heat and electricity

				

				
					Do not conduct heat and electrical current (except graphite)

				

				
					Ductile and malleable

				

				
					Brittle if solid

				

			

		

		
			
				

				
					Symbol

				

				
					Charge

				

				
					 Atomicmass unit

				

				
					Mass (kg)

				

				
					Proton

				

				
					p

				

				
					+

				

				
					1

				

				
					1.67 • 10–27

				

				
					Neutron

				

				
					n

				

				
					0

				

				
					1

				

				
					1.67 • 10–27

				

				
					Electron

				

				
					e

				

				
					-

				

				
					≈1/2000

				

				
					9.11 • 10–31

				

			

		

		
			
				

				
					Element

				

				
					 Number ofprotons

				

				
					Number of

					neutrons

				

				
					 Atomicnumber

				

				
					Atomic mass

					number

				

				
					 Number ofelectrons

				

				
					Hydrogen

				

				
					1

				

				
					0

				

				
					1

				

				
					1H

				

				
					1

				

				
					Lithium

				

				
					3

				

				
					4

				

				
					3

				

				
					7Li

				

				
					3

				

				
					Carbon

				

				
					6

				

				
					6

				

				
					6

				

				
					12C

				

				
					6

				

				
					Oxygen

				

				
					8

				

				
					8

				

				
					8

				

				
					16O

				

				
					8

				

				
					Chlorine

				

				
					17

				

				
					18

				

				
					17

				

				
					35Cl

				

				
					17

				

				
					Potassium

				

				
					19

				

				
					20

				

				
					19

				

				
					39K

				

				
					19

				

				
					Calcium

				

				
					20

				

				
					20

				

				
					20

				

				
					40Ca

				

				
					20
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				science history
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				Atomic age timeline
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				BC 400-460

			

		

		
			
				1856-1940

			

		

		
			
				805-721

			

		

		
			
				1885-1962

			

		

		
			
				- All things are made up of particles;

				- Gave the 'atom' to each of these par-ticles, which mean indivisible in Greek.

			

		

		
			
				He discovered the electron. Proposed an atom model which could be described as like a round cake with berries or plum pudding.

			

		

		
			
				- Wrote an article in his books about the possibility of dividing the atom.

				- Stated that, contrary to the Greek idea, atoms are not indivisible. When they are divided, the amount of energy liberated will be enough to 'awaken the surface of the city of Bagdad'. 

			

		

		
			
				He proposed a model with electrons moving in specific layers.

			

		

		
			
				- Everything was made up of 5 ele-ments: earth, fire, air, water and ether. And four properties: dry, hot, cold and wet. 

			

		

		
			
				- Atoms of the same element are all alike. Dalton imagined atoms as tiny, solid balls. 

			

		

		
			
				Democritus

			

		

		
			
				J. J. Thomson

			

		

		
			
				Jabir Bin Hayyan

			

		

		
			
				N. Bohr

			

		

		
			
				Aristotle

			

		

		
			
				John Dalton

			

		

		
			
				BC 322-384

			

		

		
			
				1844-1766
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				He discovered the proton and nucle-us. He proposed that the atom is most-ly empty space, with electrons orbiting randomly around a small, positively charged nucleus. 

			

		

		
			
				E. Rutherford

			

		

		
			
				1937-1871
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				science history
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				1940-1930

			

		

		
			
				1995

			

		

		
			
				- The current atomic model is the re-sult of work done from the 1920s to the present. - Electrons from a negatively charged cloud around the nucleus. It is impos-sible to determine exactly where an electron is at a given time.

			

		

		
			
				Even subatomic particles (quarks), smaller than protons and neutrons, were discovered. 

			

		

		
			
				With the help of developing the elec-tron microscope and scanning tunnel-ling microscope, the surface of atoms in a molecule was clearly seen.

			

		

		
			
				He discovered the neutron. For this discovery, he won Nobel Physics Prize in 1935.	

			

		

		
			
				The Higgs boson discovery was an-nounced by the ATLAS and CMS col-laborations on 4th July 2012.

			

		

		
			
				E. Schrodinger

				L. de Broglie

				W. Heisenberg 

			

		

		
			
				M. Gell-Mann

			

		

		
			
				G. Blinnig 

				H. Rohrer

				E. Ruska 

			

		

		
			
				J. Chadwick

			

		

		
			
				François Englert, Pe-ter Higgs

			

		

		
			
				1986-1981

			

		

		
			
				1974-1891

			

		

		
			
				2013-2011

			

		

	
		
			
				Summative assessment
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				1. Match each diagram with its description.

				2.

				
					 Puresubstances

				

				
					 Simplesubstance

				

				
					 Complex  salt   wsubstance

				

				
					salt

				

				
					water

				

				
					aluminium

				

				
					 carbondioxide

				

				
					sugar

				

				
					    siozone

				

				
					    Namsilver

				

				3.

				
					 Name ofcompound

				

				
					Formula

				

				
					 Elements  Numberpresent

				

				
					Number/ Types ofatoms

				

				
					water

				

				
					H2O

				

				
					 Hydrogen,Oxygen

				

				
					salt

				

				
					1 atom Na

					1 atom Cl

				

				
					carbon dioxide

				

				
					CO2

				

				
					oxygen

				

				
					  carbon m2 atoms O

				

				
					 carbon  CO   memonoxide

				

				
					CO

				

				
					methane

				

				
					CH4

				

				
					glucose

				

				
					C6H12O6

				

				
					 hydrochloricacid

				

				
					HCl

				

				4. Each statement describes either a metal or a nonmetal. Circle the right answer

				
					I shine when I polished

					I am a bad conductor of electricity

					You will mostly find me in gaseous form at room condition 

					I am a good conductor of heat

					Most matter in the universe is made up of me 

					Most of the known elements are made up of me

					You will mostly find me in solid form at room condition 

					I never shine when I am polished

				

				
					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

					Metal / Nonmetal

				

				
					
						
							Diagram

						

						
							  ￼ Atom: a Description

						

						
							
								[image: formative 3 chapter 1.png]
							

						

						
							Atom: a single particle

						

						
							
								[image: formative 3 chapter 2.png]
							

						

						
							 Molecule: 1 part made of 2or more atoms

						

						
							
								[image: formative 3 chapter 4.png]
							

						

						
							 Element: A collection of  ￼ Compound: Two or more diatoms that are all the same

						

						
							
								[image: formative 3 chapter 3.png]
							

						

						
							 Compound: Two or more different elements joinedtogether
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				science history

			

		

		
			
				Lise Meitner is an Austrian-born physicist. She, with her nephew Otto Frisch, investigated the physical characteristics of nuclear fission.In honor of Lise Meitner, named the 109th element of the periodic table - meitnerium Mt.

			

		

		
			
				Glenn Theodore Seaborg and Edwin Mattison McMillan discovered about ten chemical elements. They were awarded the Nobel Prize in Chemistry in 1951. Element 106 (seaborgium Sg) named in honor of Glenn T. Seaborg.

			

		

		
			
				Marie-Sklodowska Curie has received the Nobel Prize twice (Physics (1903) and Chemistry (1911)). She discovered two new elements, radium Ra and polonium Po. Element 96 (curium Cm) named in honor of Pierre Curie (husband) and Marie Sklodowska-Curie.

			

		

		
			
				In 1978 Gerd Binnig, together with Heinrich Röhrer, created the first scanning tunnelling microscope (STM), the only device today which makes it possible to give an image of the structure of surfaces atom by atom.They received half of the 1986 Nobel Prize, the other half being given to Ernst Ruska for the invention (1928) of the electron microscope.
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				chapter
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				Air. Combustion reaction

			

		

		
			
				4
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				4.1 Air and its composition. Laboratory work №6 

				4.2 Combustion process. Practice work №2

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 The atmosphere is the air layer of our planet. There would be no life without air. All living things use oxygen in the air. Nitrogen in the air is essential for plant life. Currently, air pollution is a big problem. Factories and plants in large cities, fuel vehicles pollute the air every day. There is an annual increase in carbon dioxide in the air. Air pollutants are mainly released during the combustion of fuels. This chapter will learn about air and its composition and determine the relationship between air pollution and the combustion process.

			

		

		
			
				- Air. Air composition; - Oxygen gas. A human can use oxygen to produce a flame. Breathing. Photosynthesis;- Fuels. Types of fuels;- Air layer. Troposphere. Stratosphere.- Ecosystems. Ecological problems in Kazakhstan.
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				AIR AND ITS COMPOSITION

			

		

		
			
				4.1
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				- know the composition of air;

				- know that when burning, substances consume oxygen, which is part of the air;

				- understand the importance of protecting the air from pollution.
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					You will:
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				Where is the cleanest air on Earth? 

			

		

		
			
				What is Air?

				Air is the Earth's atmosphere. The air around us is a mixture of many gases and dust particles. It is the clear gas in which living things live and breathe. Figure 4.1.1. It has an indefinite shape and volume. It has no color or smell. It has mass and weight. It is a matter as it has mass and weight.

				By volume, dry air contains 78.09% nitrogen, 20.95% oxygen, 0.93% argon, 0.04% carbon dioxide and a small amount of other gases. There is an average of about 1% water vapor. Figure 4.1.4.

				Combustion

				Combustion or burning is a high-temperature chemical reaction between a substance and oxygen, which is part of the air, often produces gaseous products, in a mixture termed as smoke.

			

		

		
			
				Air pollution

				Air pollution is a gas released in a big enough quantity to harm the health of people or other animals, kill plants or stop them from growing properly, damage or destroys some other aspect of the environment. Table 4.1.1. Air can be polluted by some gases (such as carbon monoxide), smoke, and ash. Figure 4.1.2, 4.1.3. 

			

		

		
			
				Figure 4.1.4 Composition of Air
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				Sulfur + Oxygen = Sulfur dioxide 

				Carbon + Oxygen = Carbon dioxide 

			

		

		
			
				Table 4.1.1  Top-5 gases in air pollution

			

		

		
			
				
					Gas

				

				
					Source

				

				
					1. Sulfur dioxide, SO2

				

				
					Coal, petroleum, fuels

				

				
					2. Carbon monoxide, CO

				

				
					Coal, petroleum, fuels

				

				
					3. Carbon dioxide, CO2

				

				
					Coal, petroleum, fuels

				

				
					4. Nitrogen oxides, NO2 and NO

				

				
					Vehicle engines, power plants

				

				
					5. Volatile organic compounds

				

				
					Paints, waxes, and varnishes

				

			

		

		
			
				Figure 4.1.1  Trees improve air and water quality 

			

		

		
			
				Figure 4.1.3 Air is usually polluted by factories (Oskemen city)
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				Figure 4.1.2  When volcanoes erupt, they release ash and harmful gases that can make it hard to breathe
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				CHAPTER 4
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				№6. Candle burning

				Materials: paraffin candle with a floatable base, matches, big jar, pie pan or a plate, food coloring 

				Procedure:

				Fill a plate with water about 1/4 deep.

				Add food coloring.

				Light the candle and set it in the middle of the plate. 

				Grab the beaker and turn it upside down.

				 Observations:

				 The flame will go out in a matter of seconds, but as it is going out, water will begin to fill upwards in the beaker, and the candle will float on top of the water to the upper part as it fills.

				 Conclusion and questions:

				1. What happened during the experiment? Explain why the water rose in the beaker. 

				........................................................................................................................................................................................................................................................

				2. Explain why the water rose in the beaker after the candle went out. 

				........................................................................................................................................................................................................................................................

			

		

		
			
				Laboratory work
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				Safety: Wear disposable gloves. Wear eye protection.
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					Literacy
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					Terminology
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				Match characteristics with their properties:

			

		

		
			
				2. If you breathe 14 times in one minute and breathe 0.5 liters in each breath, how many liters do you inhale in one minute?

				3.  Math. Find the amount of air in the room with the length is 6.5 m, width is 4 m, and height is 3.5 m. How many liters of oxygen and nitrogen in this room? 

			

		

		
			
				

				
					Properties of air

				

				
					1. Has weight

				

				
					 a. Your lungs are filled with air when you breathein.

				

				
					 2. Takes upspace

				

				
					 b. Warm air rises because it is lighter than coldair.

				

				
					 3. Expandswhen heated

				

				
					 c. A deflated basketball weighs less than aninflated basketball.

				

			

		

		
			
				air - ауа / воздух;

				air pollution - ауаның ластануы / загрязнение воздуха;

				volatile - ұшқыш / летучий;

				to breathe - тыныс алу / дышать;

				combustion - жану / сжигание;

				damage - нұқсан келтіру / наносить ущерб;

				to destroy - жою / уничтожить;

				environment - қоршаған орта / окружающая среда.
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					Facts
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					Facts
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				An average human breathes 7.6 L of air per minute which means around 11 m3 of air each day.
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				Find the volume of air in your classroom. Use a measuring tape. Calculate the volume of classroom by formula of cube volume (V=a∙b∙h).

				Calculate how many litres of oxy-gen gas is in your classroom? 

			

		

		
			
				Activity
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				Cold air is heavier than warm air. It's because when the air is hot, the particles move faster, and when the particles move faster, it pushes harder against cold air.

			

		

	
		
			[image: ]
		

		
			[image: ]
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				Combustion process

			

		

		
			
				4.2
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				- know the combustion conditions and the products of the combustion reaction;

				- give examples of flammable, combustible and noncombustible substances;

				- understand that materials burn better in pure oxygen than in air;

				- to know that in the burning of metals and nonmetals, oxides are formed.
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					You will:
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				Can a candle burn in outer space?
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				Figure 4.2.1 Burning of wood

			

		

		
			
				Figure 4.2.2 Ethyl alcohol is a highly flammable substance

			

		

		
			
				Figure 4.2.4 Coal, gasoline and liquefied petroleum gas, etc., are all examples of combustible substances.

			

		

		
			
				Figure 4.2.3 The components of concrete cement are chemically inert and therefore virtually non-combustible

			

		

		
			
				Combustion

				Combustion is a chemical reaction between substances, including oxygen and accompanied by producing heat and light in the flame. A familiar example is a lighted match. Figure 4.2.1.  When match burns, it produces heat in the form of flame. Not all substances can burn. Figure 4.2.3.

				Combustion reactions always involve molecular oxygen. They almost always give off heat. For example, hydrocarbons combust with oxygen to produce carbon dioxide and water. 

				Fuels

				Variety fuels are used in daily life, such as coal, petrol, charcoal, natural gas (LPG), etc. Figure 4.2.2, 4.2.4.  There two types of substances; some materials catch fire and burns while the other group does not catch fire. Let’s bring a lighted match stick close to the paper and glass. Paper catches fire, and so it is called a combustible substance. The glass does not burn, and such substances which can not burn in air or oxygen are incombustible. Figure 4.2.3.  

			

		

		
			
				Let us discuss the conditions necessary for burning. A lighted candle and cover it with a glass tumbler. You will see that the candle stops burning after a while. This implies that the candle burns freely in the presence of air. Therefore air is necessary for combustion.

				Your mother would have told you to keep burning matchstick or a lighter away from natural gas liquefied petroleum gas (LPG) stove in the kitchen; this is because natural gas catches fire very easily. Similarly, you must have seen the “no smoking” signboard at the petrol pumps. It is because petrol also catches fire very quickly and therefore it is advisable not to smoke at the petrol pumps. Substances like LPG and gasoline are inflammable because they have low ignition temperature due to which readily catch fire.
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				CHAPTER 4

			

		

		
			
				Metals and nonmetals react with oxygen in the air to produce metal and nonmetal oxides. Here are examples of metals and nonmetals.

				Carbon burns in air to form carbon dioxide:

			

		

		
			
				Iron burns in air to form iron oxide:

			

		

		
			
				Carbon + Oxygen → Carbon dioxide

			

		

		
			
				Iron + Oxygen → Iron oxide
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				№2. Burning of sulfur, phosphorus, iron in air and oxygen

				Materials: sulfur, red phosphorus powders, iron spiral, hydrogen peroxide solution, MnO2 powder, burner, stands and clamps, gas tube, flask, spatula.

				Procedure:

				Pour hydrogen peroxide into the test tube to collect oxygen gas. Put 1-2 g of MnO2 on the test tube.

				Clamp the test tube on the support rod with an angle as in the figure.

				Collect oxygen gas into the flask. 

				Take 3 g of powdered sulfur, 3 g of phosphorus, iron spiral with a steel spatula. Heat until sulfur, phosphorus, iron starts to burn with burner as in the figure.

				Hold the sulfur, phosphorus and iron spiral over the oxygen flask. 

				  Conclusion and question:

				1. What are the differences between the combustion of substances in oxygen and air?

			

		

		
			
				Practice work

			

		

		
			[image: ]
		

		
			
				Safety: 

				Wear disposable gloves. 

				Wear eye protection 
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				combustion - жану / сжигание;

				flame - жалын / пламя;

				burning - жану / горение;

				hydrocarbon - көмірсутек / углеводород;

				fuel - отын / топливо;

				catch fire - жанып кету / загореться;

				combustible - жанғыш / горючие;

				LPG - сұйылтылған табиғи газ / cжиженный природный газ;

				inflammable - тез тұтанғыш / легковоспламеняющийся; 

				extinguisher - өрт сөндіргіш / огнетушитель.
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					Facts
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				Water is not a good extinguisher for electrical or oil fires. For electrical and oil fires, it is best to use carbon dioxide as an extinguisher. Carbon dioxide is heavier than oxygen, covers the fire like a blanket, due to which contact between the fuel and oxygen gets cut off.

			

		

		
			
				  fighting a fire Man with extinguisher

				fighting a fire
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					Terminology
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					Literacy

				

			

		

		
			
				What is combustion?

				What fuels are the most combustible?

				Is cement combustible or not?

				What type of fuel do we use for heating homes?

				What kind of fuels do the airplane and cars use?

				Give examples of combustible and fireproof materials. 

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

			
				[image: ]
			

		

	
		
			
				Chapter review exercises
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				1. On May 1883, the captain of the Elizabeth, a German warship, reported seeing clouds of ash above Krakatau. He estimated them to be more than 9.6 km high.

			

		

		
			
				Volcano released a large number of gases into the atmosphere. These volcanic gases included carbon dioxide, hydrogen, water vapor and hydrogen chloride. 

			

		

		
			
				• Complete the table below

			

		

		
			
				• Sulfur dioxide and hydrogen sulfide are also emitted when a volcano erupts. These gases are pollutant gases that react with water in the air to form acid rain. 

			

		

		
			
				I. Write the formation reaction of sulfur dioxide from sulfur.

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

			

		

		
			[image: ]
		

		
			
				
					Gas

				

				
					Element or compound?

				

				
					Chemical composition

				

				
					Chemical formula

				

				
					Toxic or nontoxic?

				

				
					Carbon dioxide

				

				
					Hydrogen 

				

				
					Hydrogen chloride

				

				
					Water vapor

				

			

		

	
		
			
				Chapter review exercises
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			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				• The most important constituent of volcanic gas is water vapor (forms about 60% of all the gases). The next most important gas species is carbon dioxide (CO2) which makes up about 25% of gases. Find the mass of carbon dioxide and water vapor in volcanic gases if 30 historically active volcanoes emit a total of 25.6 million tons of gases per year. 

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				2. Carbon dioxide CO2 makes up about 0.04% of the Earth’s atmosphere. It is produced by animal respiration and by the combustion of fossil fuels.

				Calculate the total mass of CO2 produced by 7.3×108 people in one day if an average human exhales around 1.37 g of CO2 in a day. 

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				3. If gaseous chemicals are transported by road or by rail, they are classified as follows:

				Flammable non-flammable poisonous 

				Which gas is flammable?

				A. Butane

				B. Carbon dioxide

				C. Chlorine

				D. Helium

				4. Charcoal is a lightweight black carbon residue produced by removing water and other volatile constituents from animal and plant materials. The fixed carbon content of charcoal ranges from a low of about 50% to a high of around 95%.

				• Write the word equation for the complete combustion of carbon in charcoal.

				_______________________________________________________________________________

				5. A major source of energy is the combustion of fossil fuels.

				• Name a solid fossil fuel. _____________________________________________

				• Name a gaseous fossil fuel. __________________________________________

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				1. The Air Quality Index (AQI) is used for reporting daily air quality. 

				Monitoring air quality is important because polluted air can be bad for our health. The AQI is calculated for four major air pollutants: ground-level ozone, particle pollution, carbon monoxide, and sulfur dioxide.

				Here are air quality data for the month of 2021 in Almaty, Kazakhstan (10.02.2021-11.03.2021).

				Source: www.iqair.com

				- How bad is Almaty air quality?

				- What is the main source of Almaty’s polluted air?

				- Determine the days which most polluted air in Almaty.

				- What is the current air quality in Almaty? What is the current air quality in your city? (Use the internet).
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				CONTEXT-BASED QUESTIONS
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				2. The pie charts show the atmospheric composition of planets.

				- What is the most common gas in Mars atmosphere?

				- What is the most common gas in the atmosphere of Venus?

				- Which planet has the most amount of argon in its atmosphere?

				- Which planet has the least amount of carbon dioxide in its atmosphere?

				- Why other planets are not habitable? What makes earth habitable compared to other planets?
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				3. Read the newspaper article.

				Nearly 3 billion animals were killed or displaced by Australia’s devastating bushfire season of 2019 and 2020, according to scientists who have revealed for the first time the scale of the impact on the country’s native wildlife.The Guardian has learned that an estimated 143 million mammals, 180 million birds, 51 million frogs and a staggering 2.5 billion reptiles were affected by the fires that burned across the continent. Not all the animals would have been killed by the flames or heat. Still, scientists say the prospects of survival for those who withstood the initial impact were “probably not that great” due to starvation, dehydration, and predation by feral animals – mostly cats – that followed.

			

		

		
			
				Use the data from the text to build a bar chart. 

			

		

	
		
			
				Chemistry in life
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				1. Supercold liquid hydrogen is used as rocket fuel.

			

		

		
			
				2. Strontium metal burns in the air with a bright red color.

			

		

		
			
				3. Coal, currently the largest source of en-ergy on earth, but its fumes are also known to have harmful environmental and health effects

			

		

		
			
				4. Hydrazine (nitrogen compound) is used as rocket fuel for Phoenix Mars Lander.
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				S U M M A R Y
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				Air. Combustion reaction

				Air is a mixture of nitrogen, oxygen, and minute amounts of other gases surrounding the earth and forms its atmosphere.

				 

				Combustion is a chemical combination attended by the production of heat and light. In a combustion reaction, a substance reacts with oxygen from the air.

				Combustion products are gaseous, solid and liquid substances.

				Three things are required in proper combination before ignition and combustion can take placе: 

				Heat

				Oxygen  

				Fuel

				Flammable substances:

				Active metals (sodium, potassium, lithium)

				Calcium carbide, magnesium, phosphorus, zinc powder, etc.

				Flammable liquids:

				Acetone, benzene

				Cleaners

				Gasoline, lighter fuel

				Solvents for paints, kerosene, etc.

				In pure oxygen, substances burn much faster than in the air.

				Sulfur burns in oxygen to produce sulfur dioxide.

				Phosphorus burns in oxygen to produce diphosphorus pentaoxide (white smoke).

				When iron is burned in pure oxygen, iron oxide is formed.

				Air pollution is a mixture of solid particles and gases in the air. 

				Major sources of air pollution

			

		

		
			
				
					Gases

				

				
					%

				

				
					Nitrogen

				

				
					78

				

				
					Oxygen

				

				
					21

				

				
					Argon

				

				
					0,9

				

				
					Carbon dioxide

				

				
					0,04

				

			

		

		
			
				
					Natural

				

				
					Artificial

				

				
					Volcanic activity

				

				
					Industry

				

				
					Forest fires

				

				
					Transport

				

				
					Dust storms

				

				
					Agriculture

				

				
					Decay of terrestrial organisms

				

				
					Heat power engineering 

				

				
					Weathering

				

				
					Heating homes

				

			

		

	
		
			
				Summative assessment
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				1. What would happen if our atmosphere were made of pure oxygen?

				2. What are the two most important gases in the air?

				3. List the gases and their percentages in the air:

				

				
					Gases

				

				
					Percentage, %

				

				4. Which gases are increasing in the air and what effect does this have on the planet?

				5. This table represents the atmosphere, color the part related to oxygen blue, color the part related to nitrogen yellow, and color related to carbon dioxide red. 

				6. What are three things needed for combustion to occur?

				7. What properties of hydrocarbons mean they make good fuels? Circle the correct answer: 

				usually liquids flammable colorless

				8. Write a word equation to show the combustion of sulfur to form sulfur dioxide. 

				9. We use different fuels for different jobs. Place the fuels in the correct columns to show where they are used

				

				
					Candle

				

				
					Car

				

				
					Cooker

				

				
					  CenFire

				

				
					 Central heatingsystem

				

				
					        Barbeque

				

				petrol(diesel) wood coal gas wax charcoal

				10. Draw a pie chart of the composition of gases in Earth’s atmosphere:
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				science history

			

		

		
			
				15th century: Leonardo da Vinci noted that air has several constituents, one of which supports combustion. 

				1773-1774 - Scheele and J.Priestley independently discovered oxygen and studied its properties. 

			

		

		
			
				While working at the California Institute of Technology in the 1950s, American Charles Keeling developed a method for measuring carbon dioxide levels (CO2) in the air, which alerted the world to the relentless rise in atmospheric CO2. 

			

		

		
			
				1775-1777 - A.L.Lavoiser recognized oxygen as an element, developed the modern theory of combustion. 
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				Carl Wilhelm Scheele

			

		

		
			
				Joseph Priestley

			

		

		
			
				Antoine Lavoisier

			

		

		
			
				Lavoisier's mercury experiment on oxygen
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				Chemical 

				reactions
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				5.1 Natural acids and bases. Indicators

				5.2 Laboratory work №7 and laboratory work №8

				5.3 Reactions of dilute ac-ids with metals. Laboratory works №9 and №10 

				5.4 Reactions of dilute acids with carbonates. Practice work №3

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Chemical changes play a significant role in our lives. Substances such as acids and bases combine to form other substances or react with other substances. For example, pure metal can be extracted from minerals by the reaction of a metal with acid. In nature, water-insol-uble carbonates dissolve in acids to form soluble salts for aquatic insects. In industry, new salts are synthe-sized by the reaction of acids and bases. However, due to the release of toxic gases from factories and volcanoes, acid rain occurs in the air and harms the environment. In this chapter, we study the reaction of acids with other compounds (bases, metals, salts), the types of indicators.

			

		

		
			
				- Chemical and physical changes;

				- Ecosystems;

				- Ecological problems (Acid rains);

				- Differences between acid, base, and neutral medium;

				- Universal indicator;

				- Neutralization.
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					Literacy

				

			

		

		
			
				Natural acids and bases. Indicators

			

		

		
			
				5.1
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				- know the acidic and slippery properties can be signs of some natural acids and bases; 

				- know about chemical indicators: phenolphthalein, methyl orange, litmus, and their color-changing in different media.
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					You will:
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				Why adding lemon changes the color of the tea?
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				Five beakers contain the following substances: lemon juice, ammonia solution, soda solution, saltwater and acetic acid. Litmus is tried to each beaker. In which beaker does the litmus turn blue?

				Write a list of acidic fruits. 

			

		

		
			
				Figure 5.1.1 In nature, formic acid is found in most ants and stingless bees.

			

		

		
			
				 Natural acids 

				Acids are commonly found in our surroundings. They occur in food and medicines, for example, acetylsalicylic acid in aspirin and acetic acid in vinegar. The substance that makes lemons so sour is citric acid, present in the juice of many citrus fruits like orange, grapefruit, etc. Figure 5.1.4. 

				Formic acid is found in the bites and stings of ants, bees, and nettle plant. Figure 5.1.1. Tartaric acid occurs naturally in many plants, particularly grapes, bananas. It is added to other foods to give a sour taste and is used as an antioxidant. 

				Lactic acid is found in sour milk products, such as kefir, kumys, yoghurt. Figure 5.1.2-5.1.3. Acetic acid is used in conservant in the food industry.

			

		

		
			
				Even though many alkaloids (amines) are poisonous, some are used in medicine as analgesics (pain relievers) or anesthetics, particularly morphine and codeine. Most alkaloids have a very bitter taste. Figure 5.1.5.

			

		

		
			
				Natural bases

				Natural bases - amines occur widely in plants and animals. They can easily be extracted from their sources by treatment with acids. Amines are basic compounds, alternatively named alkaloids (morphine, nicotine, codeine). Today, there are 5000 alkaloid compounds known to be biologically active. 

				Some hormones, such as adrenaline, serotonin, dopamine, are compounds an amine. 

			

		

		
			
				Figure 5.1.2 Bowl of yogurt

			

		

		
			
				Figure 5.1.5 Surgery anesthetic hypodermic syringe
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				Indicators

				 Indicators are chemicals that change colors when in solution is acidic or basic. Table 5.1.1. Many indicators are from the bark of trees or plants, and the universal indicator is a combination of a few indicators. Figure 5.1.6-5.1.8.
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				Figure 5.1.3  Kumys  

			

		

		
			
				Figure 5.1.4 Pepper, lemon and rose hips are the main sources of vitamin C   
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				CHAPTER 5
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					Terminology
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				Figure 5.1.6 Phenolphthalein indicator in basic medium

			

		

		
			
				Figure 5.1.7 Methyl orange indicator solution 

			

		

		
			
				Figure 5.1.8 Universal indicator paper 

			

		

		
			
				Table 5.1.1  Colors of some indicators in acidic and basic solutions

			

		

		
			
				
					

					
						Indicator

					

					
						Acidic medium

					

					
						Neutral medium

					

					
						  Litmus red Basic medium

					

					
						Litmus

					

					
						  - red

					

					
						-

					

					
						blue

					

					
						Methyl orange

					

					
						red

					

					
						orange

					

					
						yellow

					

					
						Phenolphthalein

					

					
						-

					

					
						-

					

					
						pink
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				Activity
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				1. Check how the color of indicators changes in different solutions. Choose a solution, then choose an indicator. 

				a.

			

		

		
			
				b.

			

		

		
			
				

				
					Substances

				

				
					Indicator

				

				
					Color changing

				

				
					Soap solution

				

				
					Litmus paper

				

				
					 Householdammonia

				

				
					Phenolphthalein

				

				
					Distilled water

				

				
					Litmus paper

				

				
					Acetic acid solution

				

				
					Methyl orange

				

				
					Soda solution

				

				
					Red cabbage juice

				

				
					Citric (lemon) acid

				

				
					 Universal indicatorpaper

				

			

		

		
			
				
					1. Red cabbage juice indicator

					

					
						A A A

					

					
						A A A

					

					
						A A A

					

					
						  Water SodaLemon juice

					

					
						Water

					

					
						Soda solution

					

				

			

			
				
					3. Methyl orange indicator

					
						A A A

					

					
						A A A

					

					
						A A A

					

					
						  Water SodaLemon juice

					

					
						Water

					

					
						Soda solution

					

				

			

			
				
					2. ﻿Phenolphthalein indicator

					
						A A A

					

					
						A A A

					

					
						A A A

					

					
						  Water SodaLemon juice

					

					
						Water

					

					
						Soda solution

					

				

			

			
				
					4. Universal indicator 

					
						A A A

					

					
						A A A

					

					
						A A A

					

					
						  Water SodaLemon juice

					

					
						Water

					

					
						Soda solution

					

				

			

		

		
			
				acid - қышқыл / кислота;

				base - негіз / основания;

				indicator - индикатор / индикатор;

				phenolphthalein - фенолфталеин / фенолфталеин;

				litmus - лакмус / лакмус;

				methyl orange - метилоранж / метилоранж;

				citric acid - лимон қышқылы / лимонная кислота;

				lactic acid - сүт қышқылы / молочная кислота; 

				anesthetics - анестетикалық заттар / анестетики.

			

		

		
			[image: ]
		

		
			
				[image: ]
			

			
				
					Facts
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				Tea changes color from deep brown to a clear orange in an acidic solution. 
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				Nappies with wetness indica-tors will turn from yellow to blue then fade. Why does this happen? 
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					Literacy
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				Laboratory work №7 laboratory work №8 

			

		

		
			
				5.2
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				- determine the pH scales of acids and bases by use of universal indicator;

				- understand the neutralization reaction of acids with bases.
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					You will:
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				Why do indicators change colors in different media?
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				Figure 5.2.1 A pH scale
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				№7. Acidity and basicity properties of solutions 

				The pH of a substance can be found by dissolving a small amount of the substance in distilled water and adding a few drops of universal indicator solution. Figure 5.2.2. The color produced is compared with a pH scale. Figure 5.2.1. 

				Materials: universal indicator solution (or paper), sodium hydroxide, ammonia, acetic acid, hydrochloric acid solutions, test tubes, beaker, distilled water, test tube rack, pipette. 

				Procedure:

				Place 5 g of sodium hydroxide into a first test tube. Half-fill the test tube with distilled water from a small beaker and shake to dissolve the solid.

				Pour 10 drops of acetic acid solution into a second test tube.

				Pour 10 drops of hydrochloric acid solution into a third test tube.

				Pour 10 drops of ammonia solution into a fourth test tube.

				Add a few drops of universal indicator to the test tubes. Make a note of the color on the table. Compare it to the pH color scale and record the pH of the nearest color on the table.

				 

				 

				Observations:

				Note your observations.

				 Conclusion and questions:

				Prepare a table for your results

			

		

		
			
				Laboratory work
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					Solutions

				

				
					 Color with universal  pH 1.___indicator

				

				
					pH

				

				
					1._________________

					2._________________

					3._________________

					4._________________

				

			

		

		
			
				Figure 5.2.2. Determining the pH of a solution with an indicator
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				CHAPTER 5
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				№8. The neutralization reaction of hydrochloric acid 

				In this experiment, hydrochloric acid is neutralized with sodium hydroxide to produce the soluble salt sodium chloride. Figure 5.2.3. 

				Materials: sodium hydroxide, hydrochloric acid solutions, measuring cylinder, methyl orange indicator, conical flask, burette, funnel, beakers. 

				Procedure:

				Add 25 ml of sodium hydroxide (corrosive) to a conical flask using a measuring cylinder and add a couple of drops of methyl orange indicator.

				Fill the burette with hydrochloric acid and run through to the zero marks (use a funnel to fill the burette and a beaker to collect the excess acid)

				Add the hydrochloric acid to the sodium hydroxide solution in small volumes swirling after each addition. Continue until the solution turns red and record this reading on the burette.

				Carefully add this volume of fresh hydrochloric acid to another 25 ml of sodium hydroxide solution to produce a neutral solution.

				 Observations:

				1. Note your observations.

				 Conclusion and questions:

				When you put sodium hydroxide in a methyl orange indicator, what color would it turn? 

				This reaction is a specific example of the general reaction:

				 

				Acid + Base → Salt + Water

				Write a word equation for this specific reaction.

			

		

		
			
				Laboratory work

			

		

		
			
				2. List the acids and bases.

				..................................................................................................................................................................................................................................................................................
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				Safety: Wear disposable gloves. Solutions of acids and bases may be toxic – wash your hands thoroughly. Wear eye protection.
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				Safety: Wear disposable gloves. Wash your hands after use. Wear eye protection
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				Burette

			

		

		
			
				 Sodiumhydroxide

				solution

			

		

		
			
				 Hydrochloric acid andmethyl orange indicator
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				Figure 5.2.3 

				Neutralization reaction

			

		

		
			
				pH scale - pH шкала / pH шкала;

				neutralization - бейтараптану / нейтрализация;

				acidity - қышқылдық / кислотность;

				basicity - негіздік / основность;

				universal indicator - әмбебап индикатор / универсальный индикатор;

				alkaline - сілтілік / щелочной;

				specific - нақты / конкретный;

				distilled water - дистилденген су / дистиллированная вода.
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					Terminology
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				Reactions of dilute acids 

				with metals

			

		

		
			
				5.3
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				- know the using areas and safety rules for dilute acids; 

				- investigate the reactions of dilute acids with different metals and carry out hydrogen test in practice. 
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					You will:
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				How to obtain pure hydrogen gas?

			

		

		
			
				 Acids 

				 Acids are chemically active substances to react with many other chemicals (for example, metals). When an acid and a more active metal are mixed, salt and hydrogen gas are formed. Figure 5.3.4. 

			

		

		
			
				 How should you mix acid and water?  

				 A certain amount of energy is released when a concentrated acid is added to water. Therefore, you should be careful while adding concentrated acid to water. This is because the addition is very exothermic. Adding a little water to the acid causes the water to boil and the steam generated inside the mixture will blast the acid and water out of the vessel straight into your face or all over you. Adding a little acid to water with stirring spreads out the heat into the cold water quickly and dissipates it so that the water does not boil. Figure 5.3.3.

			

		

		
			
				Acids are present in many substances which are used in our daily lives

				• Vinegar, used in the kitchen, is a liquid containing 3-6% acetic acid;

				• Nitric acid is used to manufacture of fertilizers, dyes, paints, drugs, and explosives; Figure 5.3.2.

				• Sulfuric acid is used in batteries, which are used in cars, etc. Figure 5.3.1.

				• Hydrochloric acid is used to make “king water,” which dissolves noble metals such as gold and platinum.
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				Metal + Acid → Salt + Hydrogen

			

		

		
			
				Figure 5.3.4 Hydrogen production experiment and hydrogen gas test

			

		

		
			
				Figure 5.3.1 A car battery usually has about 1 kg of sulfuric acid

			

		

		
			
				Figure 5.3.2 Nitric acid used in the manufacture of fertilizers and explosives

			

		

		
			
				Figure 5.3.3 How to dilute an acid
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				CHAPTER 5
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				№9. The reaction of zinc with dilute hydrochloric acid 

				Materials: zinc pieces, hydrochloric acid solution, test tubes, test tube rack. 

				Procedure:

				Place two clean test tubes in the test tube rack. Fill the test tubes to a height of 2 cm with a hydrochloric acid solution.

				Carefully put a one-piece (3 g) of zinc metal into the hydrochloric acid. Record your observations.

				Caution: Handle the acid solutions carefully. Do not inhale any acid fumes. 

				Observation:

				Note your observations on zinc in hydrochloric acid.

				 Conclusion and question:

				1. What is the characteristic property of hydrochloric acid? Explain. 

			

		

		
			
				№10. Hydrogen test 

				Hydrogen gas is formed after reactions of metal with the acid. Figure 5.3.5. Hydrogen is the explosive gas! 

				Materials: magnesium pieces, acetic acid solution, test tubes, test tube rack, burner. 

				Procedure:

				Place two clean test tubes in the test tube rack. Fill the test tubes to a height of 3 cm with the acetic acid solution.

				Carefully put a piece (3 g) of magnesium metal into the acetic acid. Record your observations.

				Put the empty test tube with the opening end down over the test tube as seen in the figure. 

				After about 1 minute, carry out a hydrogen test for the gas, which is collected in the inverted test tube. Record your observations.

				Hydrogen test: Close the opening of the tube with your thumb. Move the test tube toward the flame, remove your thumb and hold the opening of the tube close to the flame as in the figure Figure 5.3.6.

				Caution: Handle the acid solutions carefully. Do not inhale any acid fumes. 

				Observations:

				Note your observations on magnesium in acetic acid.

				Note your observations about the hydrogen test.

				Conclusion and question:

				1. What is the characteristic property of acetic acid? Explain. 

			

		

		
			
				Laboratory work

			

		

		
			
				Laboratory work

			

		

		
			
				Safety: Wear disposable gloves. 

				Wash your hands after use. Wear eye protection.
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				Safety: Wear disposable gloves. 

				Wash your hands thoroughly. Wear eye protection.
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				 Figure 5.3.5 Hydrogen gascollection

			

		

		
			
				 Figure 5.3.6 Hydrogen gassplint test

			

		

		
			
				diluted - сұйылтылған / разбавленный;

				vinegar - сірке / уксус;

				nitric acid - азот қышқылы / азотная кислота;

				sulfuric acid - күкірт қышқылы / серная кислота;

				hydrochloric acid - тұз қышқылы / соляная кислота;

				“King water” - "патша сұйықтығы" / "царская вода";

				fertilizer - тыңайтқыш / удобрения;

				concentrated - концентрлі / концентрированный;

				to stirring - араластыру / перемешивание.
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					Terminology
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				Reactions of dilute acids 

				with carbonates

			

		

		
			
				5.4

			

		

		
			[image: ]
		

		
			
				Why does an egg shell dissolve when put in vinegar?

			

		

		
			
				All carbonate and bicarbonate compounds react with acids to produce salt, carbon dioxide and water. 

			

		

		
			
				Carbonate rocks are formed from one of two processes. They are either precipitated out of the water as inorganic calcium carbonate. The carbonate will precipitate out of the water at warm temperatures. This is why you see large carbonate platforms in tropical oceans. The second way carbonate rocks can form is through the deposition of billions and billions of ocean-dwelling plants and animals that make their shells from the carbon in the water. As they die, their shells build upon the ocean floor, creating thick layers of organic limestone. Figure 5.4.1, 5.4.2.

				Laboratory preparation of carbonates

				When we pass carbon dioxide through lime water, it turns lime water milky. This is due to the formation of calcium carbonate, which is insoluble in water. If we continue to pass carbon dioxide through lime water, it will turn clear again because of the formation of calcium hydrogen carbonate.

			

		

		
			
				Metal Carbonates + Acid → Salt + Water + Carbon dioxide
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				Figure 5.4.1 Egg shells are a rich source of mineral salts, mainly calcium carbonate

			

		

		
			
				Figure 5.4.2 The best spots to find seashells in Mangystau are along the Zhetibay
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				№3. Chemical reactions of carbonates with dilute acid. 

				Qualitative analysis for carbon dioxide. 

				Carbon dioxide is a colorless gas, and it smothers combustion like nitrogen. It has a higher density than air. Carbon dioxide can be obtained in the laboratory from carbonates. Figure 5.4.3.

				Materials: calcium carbonate (powder or chalk), hydrochloric acid 10%, test tube, flask, separatory funnel, spatula, lime water (calcium hydroxide solution), beakers.

				Procedure:

				Fill 2/3 of the test tube with limewater. 

				Place 10 g of calcium carbonate into the conical flask

				Insert the separatory funnel into one of the rubber stoppers holes and the right-angled glass tube into the other hole

				Attach about 20 cm rubber tube to the right-angled glass tube and insert the opening end of the tube into limewater in the test tube. Set the apparatus, as seen in the figure.

				Close the stopcock of the separatory funnel and fill it with dilute hydrochloric acid about half full.

				Open the stopcock of the separatory funnel slowly and allow several drops of hydrochloric acid to drop onto the calcium carbonate, then close the stopcock. Carefully add hydrochloric acid dropwise; 

			

		

		
			
				Practice work
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				- investigate the reactions of dilute acids with carbonates; 

				- carry out a qualitative reaction on carbon dioxide in practice.
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					You will:
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					Literacy

				

			

		

		
			
				CHAPTER 5
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				otherwise, the reaction is too violent.

				Observe the limewater. Record your observations. 

				 Observations:

				1. Note your observations when hydrochloric acid is added to the calcium carbonate?

				................................................................................................................................ Conclusion and questions:

				Based on the experiment, list several properties of the produced carbon dioxide.

				..........................................................................................................................................

				When carbon dioxide is passed through lime water, the first turbidity is formed and then disappears. Explain why?

				..........................................................................................................................................

				What makes the carbon dioxide be poured into the beaker like a liquid?

				..........................................................................................................................................

			

		

		
			
				Safety: Wear disposable gloves. Wear eye protection.
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				1. Find out why objects made of limestone undergo deterioration.

			

		

		
			
				2. Why does acid rain destroy buildings and monuments?
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				carbonate - карбонат / карбонат;

				acid rain - қышқылдық жауын / кислотный дождь;

				shell - бақалшақ / ракушка;

				rock - тас / камень;

				limestone - әктас / известняк;

				lime water - әк суы / известковая вода;

				stalactites - сталактиттер / сталактиты;

				carbon dioxide - көмірқышқыл газы / углекислый газ;

				deterioration - бұзылу / ухудшение. 
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					Terminology
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					Facts
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				The deposition of calcium carbonate and other minerals forms stalactites.
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				 Konyr Aulie is a stalactite cave inKazakhstan, Shyngystau

			

		

		
			
				Figure 5.4.3 Preparation of carbon dioxide gas

			

		

	
		
			
				Chapter review exercises
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				1. Universal indicator determined the pH values of five solutions and comparing the final color to the chart.

				• Complete the table below.

			

		

		
			
				• Select from the table above an example of each of the following:

				A strong acid ________________________________________________________

				A weak acid _________________________________________________________

				A weak base ________________________________________________________

				A strong base ________________________________________________________

				2. Give examples of three acids and write where they are found in nature.

				• _________________ is found in _________________

				• _________________ is found in _________________

				• _________________ is found in _________________

				3. Write the correct colors of indicators in a different medium: 

			

		

		
			
				
					Solution

				

				
					Color change of universal indicator

				

				
					pH

				

				
					Water

				

				
					Green

				

				
					Tomato

				

				
					4

				

				
					Stomach acid

				

				
					1

				

				
					Bleach

				

				
					violet

				

				
					Baking soda

				

				
					blue

				

			

		

		
			
				
					Color of methyl orange indicator

				

				
					Color of litmus indicator

				

				
					Lemon juice

				

				
					Soap solution

				

			

		

		
			
				4. Read the sentence and choose the correct answer.

				• Foods that contain acids taste sour / salty.

				• When egg shell reacts with vinegar is produced hydrogen / carbon dioxide gas. 

				• Chemical formulas of marble, chalk, and egg shell are calcium carbonate / carbon dioxide. 

				• Carbon dioxide is a yellow colored / colorless gas. 
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				Chapter review exercises
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				5. Hydrochloric acid reacts with zinc metal to produce salt and hydrogen gas. 

				• Write the chemical symbol of hydrogen.

				_______________________________________________________________________________

				• Describe the chemical test for hydrogen gas and state the result for a positive test.

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				6. An excess of hydrochloric acid can build up in the stomach and cause indigestion. Antacid tablets containing calcium carbonate can be taken to relieve the symptoms of indigestion.

				• State the observations made when an antacid tablet containing calcium carbonates dropped into a beaker of dilute hydrochloric acid.

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				• Write the word equation for the reaction between calcium carbonate and hydrochloric acid.

				_______________________________________________________________________________

				_______________________________________________________________________________

				• Sodium hydrogen carbonate is commonly used as an antacid in baking powder, an odor absorber, a drying agent, and toothpaste. It reacts with hydrochloric acid to produce carbon dioxide gas. Describe a chemical test for carbon dioxide. What would you observe for a positive test?

				_______________________________________________________________________________

				_______________________________________________________________________________

				_______________________________________________________________________________

				• Write the word equation for the reaction between sodium hydrogen carbonate and hydrochloric acid.

				_______________________________________________________________________________

				_______________________________________________________________________________

				7. Complete the following word equations:

				• Sodium hydroxide + hydrochloric acid

				_______________________________________________________________________________

				• Potassium hydroxide + sulfuric acid 

				_______________________________________________________________________________

			

		

	
		
			
				Chapter review exercises
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				1. Give an example of a metal carbonate and an acid

				Metal Carbonate: _______________ Acid: _____________________

				2. The word equation below shows an example of a metal carbonate reaction with an acid reaction.

			

		

		
			
				Copper carbonate + Sulfuric acid → Copper sulfate + Water + Carbon dioxide

			

		

		
			
				Give names of following substances:

				a) The reagents are _________________ and ____________________

				b) The salt is _______________________________

				c) The gas is __________________________

				3. What is the chemical formula for

				a) Water _____________________

				b) Carbon dioxide ______________________?
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					4. Complete the following word equations. 

					magnesium chloride, 

					magnesium carbonate, 

					sodium chloride, 

					sodium carbonate, 

					Copper carbonate + __________________ → copper chloride + water + carbon dioxide

					Calcium carbonate + __________________→ calcium sulfate + _______ + __________

					Sodium carbonate + __________________→ ____________ + water + __________

					_______________ + __________________→ copper sulfate + water + carbon dioxide

					_______________ + ________________ → magnesium chloride + _________ + __________

				

			

			
				
					calcium sulfate, 

					sulfuric acid, 

					calcium carbonate, 

					carbon dioxide, 

				

			

			
				
					water, 

					copper chloride, 

					hydrochloric acid, 

					copper carbonate

				

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				1. Aidyn and Aisha reacted a carbonate salt with an acid. They used the apparatus shown below to measure the volume of gas given off when acid was added to the carbonate. 

				They measured the volume of the gas-only when all carbonate salt had disappeared. The students investigated how changing the mass of carbonate used would change the volume of gas produced.

				The experiment results are shown in the table.

				- Plot the line graph (Use Microsoft Excel or online graph builder www.rapidtables.com). 

				- State conclusions you can make from the results.

				- The reactants used in this investigation were calcium carbonate and hydrochloric acid. What were the products? 

				- Write the word equation for the reaction between calcium carbonate and hydrochloric acid. 

				- If sodium carbonate and hydrochloric acid were used, what would the products be?

				- If sodium carbonate and sulfuric acid were used, what would the products be?

				2. A dilute solution of sulfuric acid was tested using a pH meter, red and blue litmus and universal indicator paper. The results are given below. 

				- Based on the results in the table, select two pieces of evidence that would suggest that sulfuric acid is a strong acid. Explain your answer. 

			

		

		
			
				
					Mass of calcium carbonate that reacted in g

				

				
					0.06

				

				
					0.08

				

				
					0.15

				

				
					0.29

				

				
					0.41

				

				
					0.52

				

				
					0.68

				

				
					1.31

				

				
					Volume of carbon dioxide given off in mL

				

				
					13.4

				

				
					17.5

				

				
					33.1

				

				
					59

				

				
					90.0

				

				
					112.2

				

				
					150.5

				

				
					246.2

				

			

		

		
			
				
					Test

				

				
					Result

				

				
					pH meter

				

				
					1.45

				

				
					universal indicator paper

				

				
					red

				

				
					blue litmus

				

				
					red

				

				
					red litmus

				

				
					red
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				Chemistry in life
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				1. Sulfuric acid is used in the manufacture of paints, detergents

			

		

		
			
				3. Effect of acid rain on stone

			

		

		
			
				2. After much experimentation, in 1799, Ales-sandro Volta made a “Voltaic pile”—the first bat-tery.

			

		

		
			
				4. The Taj Mahal is a famous building in India. It is made out of a form of calcium carbonate called marble.
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				S U M M A R Y
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				Natural acids and bases

				There are many natural acids: citric acid, oxalic acid, acetic acid, malic acid, lactic acid, butyric acid, valeric acid, etc.

				Acidic foods:

				meat, fish, seafood, dairy products, grains and cereals, legumes, Brussels sprouts, asparagus, coffee.

				Alkaline foods:

				apricots, dried apricots, peaches, apples, bananas, pineapples, avocados, currants, watermelon, strawberries, raspberries, cucumbers, tomatoes, celery, lettuce, cabbage, radishes, peppers, carrots, beets, potatoes, artichokes, melons, rice, oatmeal, ginger, parsley, asparagus, seaweed, etc.

				Indicators are substances whose solutions change colour due to changes in pH.

				Colours of indicators in a different medium

				Universal indicator pH colour chart

				A neutralization reaction is a reaction of an acid and a base that results in salt and water.

				Acid + Base = Salt + Water

				Example:

				Hydrochloric acid + Sodium hydroxide = 

				= Sodium chloride + Water

				Antacids help to treat heartburn (indigestion). They work by neutralizing the stomach acid that causes heartburn.

				Antacids: aluminium hydroxide, magnesium carbonate, magnesium hydroxide, magnesium trisilicate.

				Inorganic acids: 

				Sulfuric acid

				Nitric acid

				Hydrochloric acid

				Carbonic acid

				Silicic acid

				Phosphoric acid

				Acids react with most metals to form salt and hydrogen gas.

				 Acid + Metal = Salt + Hydrogen

				Example:

				Hydrochloric acid + Magnesium = 

				= Magnesium chloride + Hydrogen

				Hydrogen test:

				A pure hydrogen flame will not produce smoke.

				A salt, water and carbon dioxide are produced when acids react with carbonates.

				Acid + Carbonate salt = 

				= Salt + Water + Carbon dioxide

				Example:

				Hydrochloric acid + Magnesium carbonate = 

				= Magnesium chloride + Water + Carbon dioxide
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					Indicator

				

				
					  mediuAcidic

					medium

				

				
					  mediumNeutral

					medium

				

				
					  mediBasic

					  Litmumedium

				

				
					Litmus

				

				
					  - red

				

				
					-

				

				
					blue

				

				
					Methyl orange

				

				
					red

				

				
					orange

				

				
					yellow

				

				
					Phenolphthalein

				

				
					-

				

				
					-

				

				
					pink

				

				
					pH

				

				
					pH<7

				

				
					pH≈7

				

				
					pH>7

				

			

		

	
		
			
				Summative assessment
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					1. Sort the following substances into acids and bases:

					baking soda, 

					toothpaste, 

					vinegar, 

					milk, 

					Acids: 

					_______________________________________

					Bases:

					_______________________________________

					2. Put the following substances in order of increasing basicity, starting with the most acidic:

					window cleaner 10.0, 

					lemon juice 2.0,

					oven cleaner 13.0, 

					toothpaste 9.0, 

					Tests

					BASIC

					1. Which of these pH values do not show an acid?

					A. 7.2

					B. 6.5

					C. 4.0

					D. 3.2

					2. Which of these substances is not acidic?

					A. fizzy drinks

					B. vinegar

					C. distilled water

					D. lemon juice

					3. Tea is acidic, but it is safe to consume because the acid is …

					A. weak

					B. soluble in water

					C. an irritant

					D. corrosive 

					4. Which of these pH values indicates a strong base?

					A. 1.2

					B. 4.5

					C. 7.9

					D. 13.5

					5. Carbon dioxide can be absorbed by lime water because carbon dioxide is …

					A. a greenhouse gas

					B. corrosive

					C. basic

					D. acidic 

					ADVANCED

					1. Which of these substances is not a base?

					A. ammonia

					B. lye

					C. baking soda

					D. milk

					2. If a sugar solution is tested with the universal indicator, what color will the indicator be?

					A. blue

					B. yellow

					C. red

					D. green  

						

					3. If you are handling a corrosive acid, you should wear all the following except for …

					A. lab coat

					B. gloves

					C. goggles

					D. trainers

					4. Hydrochloric acid can be neutralized only by one of the following substances:

					A. water

					B. lemon juice

					C. sodium hydroxide

					D. battery acid 

					  

					5. If a solution has pH=13, it will turn universal indicator …

					A. red

					B. yellow

					C. green

					D. blue  
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					human blood, 

					tomato juice, 

					soap, 

					lemonade,

				

			

			
				
					detergent, 

					bleach

				

			

			
				
					bleach 12.0, 

					pure water 7.0, 

					milk 6.6, 

					tomato juice 2.0, 

				

			

			
				
					vinegar 3.0, 

					human blood 7.4
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				science history

			

		

		
			
				The English chemist-physicist Henry Cavendish discovered hydrogen in 1766. He produced “inflammable air” (hydrogen) by dissolving metals in acids. He showed that it was much lighter than air.	

			

		

		
			
				In 1909 danish chemist Søren Peter Lauritz Sørensen first discovered the pH scale.

			

		

		
			
				Persian alchemist Ar-Razi is discovered sulfuric acid and ethanol.	

			

		

		
			
				In 1845 German chemist Hermann Kolbe synthesised acetic acid from inorganic compounds for the first time.

			

		

		
			
				The study of acids began when the 8th-century Persian alchemist Geber isolated hydrochloric acid by mixing common salt (sodium chloride) with sulphuric acid.

				Geber also found aqua regia (a mixture of nitric acid and hydrochloric acid).
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				The Periodic table 

				of chemical elements

			

		

		
			
				6
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				6.1 The history of the 

				Periodic table

				6.2 Structure of Periodic table

				Chapter review exercises

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Scientists have studied the chemical elements known in their day and tried to organize them. The systematic table of elements varied from scientist to scientist. Over time, the number of elements increased. The Russian scientist D.I. Mendeleev was responsible for compiling tables based on the similarity of their properties. He called this table the periodic table of elements. Later, chemists discovered many new chemical elements, and the number of elements increased. They are also included in this periodic table. The periodic table is now called the modern periodic table. In this chapter, we will consider the structure and his-tory of the periodic table.

			

		

		
			
				- Metals and nonmetals;

				- Physical properties of substances;

				- Chemical and physical changes.
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				The history of the 

				Periodic table

			

		

		
			
				6.1
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				- know and compare the classification of elements by D. Mendeleev, J. Newlands, and J. Dobereiner. 
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					You will:
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				Is it possible that Mendeleev saw the Periodic table in 

				his dream?

			

		

		
			
				Scheme 6.1.1  Dobereiner’s triads 

			

		

		
			
				Scheme 6.1.2 J. Newlands' octave 

			

		

		
			
				Although the elements, gold (Au), silver (Ag), tin (Sn), copper (Cu), lead (Pb), mercury (Hg), antimony (Sb), arsenic (As), carbon (C), iron (Fe), sulfur (S) and zinc (Zn) had been known since ancient times. The first scientific discovery of an element occurred in 1669 when Hennig Brand discovered phosphorus (P). During the next two hundred years, various chemical and physical properties of elements and their compounds were studied by chemists. By 1869, a total of 63 elements had been discovered. As the number of known elements increased, scientists began to recognize patterns in properties and develop classification schemes.

				Antoine Lavoisier wrote the first list of elements containing 33 elements. He distinguished between metals and nonmetals. Some of Lavoisier’s elements were later shown to be compounds and mixtures. 

				 In 1829, Johann Dobereiner began to group elements with similar properties into groups of three or triads. Figure 6.1.1. Scheme 6.1.1. He had discovered a halogen triad (chlorine Cl, bromine Br, and iodine I), alkali metal triad (lithium, sodium, and potassium), etc. In each triad, the atomic mass of the middle element was approximately equal to the average atomic mass of the other two elements:

			

		

		
			
				 In 1864 John Newlands arranged the known elements (>60) in atomic weights and observed similarities between the first and ninth elements, the second and tenth elements, etc. He proposed the “Law of Octaves.” Scheme 6.1.2.
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				Figure 6.1.1 

				J. W. Dobereiner, German chemist
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				Chlorine gas

			

		

		
			
				Bromine

			

		

		
			
				Iodine crystals

			

		

		
			
				Chlorine, bromine and iodine have very similar chemical properties because they are located in the same group of the Periodic table. 
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					Literacy

				

			

		

		
			
				CHAPTER 6

			

		

		
			
				Scheme 6.1.3 Mendeleev’s periodic table in 1871 

			

		

		
			
				 In 1869, two scientists working independently and unaware of each other, Dmitriy Mendeleev (a Russian chemist) Figure 6.1.2 and Lothar Meyer (a German scientist), made similar classifications of the elements. Both scientists classified the elements in the order of increasing atomic mass, and, as a result, they noticed some similar periodic properties among some elements. Mendeleev’s work and ideas on the periodic properties of elements attracted much attention.

				 The periodic table prepared by Mendeleev became a target for scientists and elements as the blank spaces in his table were quickly discovered. Mendeleev arranged 63 elements horizontally in the order of increasing atomic mass in his periodic table. This table was composed of 12 horizontal rows and eight vertical columns. Mendeleev gave formulas of the elements in each group with hydrogen, oxygen and chlorine atoms at the top of his table. He found out that the physical and chemical properties of the elements in a vertical column are similar, and these similarities change regularly within a group. With this discovery, Mendeleev introduced the concept of ‘families’ of elements. Elements having similar chemical properties were placed in the same vertical column. Scheme 6.1.3.
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				Answer questions. 

				1. The elements, calcium, strontium, and barium are a triad observed by Dobereiner. Below there are some properties of this triad. 

			

		

		
			
				Сan you calculate values “X”’ and “Y”?

				2. What is the law of octaves?

				3. What are the elements with similar chemical properties to bromine?

				4. What are the elements with similar chemical properties to sodium?

			

		

		
			
				

				
					Melting point (0C)

				

				
					Density (g/cm3)

				

				
					Ca

				

				
					X

				

				
					1.54

				

				
					Sr

				

				
					771

				

				
					Y

				

				
					Ba

				

				
					717

				

				
					3.60
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					Terminology
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				Figure 6.1.2  Russian chemist - 

				Dmitriy Mendeleev
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				“The element coming after any serial eight elements is somehow repetition of the first element like the sound of an octave in music.” 

				(John A. R. NEWLANDS 1864)

			

		

		
			
				Periodic table - периодтық кесте / периодическая таблица;

				to distinguish - айыру / различать;

				triad - үштік / триада;

				to arrange - орналастыру / расположить; 

				similar - ұқсас / подобный;

				vertical column - тік баған / вертикальная колонка;

				horizontal row - көлденең қатар / горизонтальный ряд; 

				“Law of Octave” - “Остава ережесі” / «Закон октавы». 
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				Structure of Periodic table

			

		

		
			
				6.2
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				- know and describe the periods and groups in the Periodic table.
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					You will:
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				What criteria did Mendeleev use to construct his Periodic table?

			

		

		
			
				 Periods

				 The modern periodic table contains the physical and chemical properties of elements. Chemists arrange elements according to increasing atomic numbers.. Horizontal rows are called periods. Periods are beginning with metal and ending with a noble gas. There are seven periods, of which three are short, two are medium, and two are long. Now, let us briefly examine these periods.

			

		

		
			
				 Groups

				 Vertical columns are called groups or family. There are 18 groups in the Periodic Table, numbered in Arabic numerals. Figure 6.2.2. The quantitative composition of the groups will change as new elements are added to the table. 

			

		

		
			
				The first, second and third periods are short. There are two elements in the first period and eight elements in both the second and the third periods. The elements in the short periods constitute almost 97% of the Earth’s crust, oceans, and atmosphere. Among these elements, helium (He) and neon (Ne) gases occur only in trace amounts in the air, but argon (Ar) makes up about 1% of the atmosphere. 

				The fourth and fifth periods are the medium periods. Each of these periods contains 18 elements. 

				 The sixth and the seventh periods are the long periods. There are 32 elements in both the sixth and seventh periods. Figure 6.2.1.

			

		

		
			
				Figure 6.2.1  The periods of the periodic table 
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				groups - топтар / группы;

				periods - периодтар / периоды;

				increase - өсу, жоғарлау / увеличение;

				trace amount - аз мөлшерде / незначительное количество;

				occur - таралу / встречаться.
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					Terminology
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					Literacy

				

			

		

		
			
				CHAPTER 6

			

		

		
			
				Figure 6.2.2 Groups (families) in the Periodic table 

			

		

		
			
				Some groups have received special names:

				- Group 1 - alkali metals;

				- Group 2 - alkaline earth metals;

				- Group 14 - carbon family. Figure 6.2.3.

				- Group 16 - chalcogens;

				- Group 17 - halogens;

				- Group 18 - noble gases. 
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				Activity
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				1. Work with a partner. Write the correct group and period numbers for each of the elements. Compare your answers with another pair. 

				
					Element

				

				
					 Group number

				

				
					Period number

				

				
					Pt

				

				
					Mg 

				

				
					Br

				

				
					O

				

				
					Ag

				

				
					B

				

				
					Rn

				

			

		

		
			
				2. Add the fourth element of the series:

				
					Na

				

				
					K

				

				
					Cs

				

				
					Fe

				

				
					K

				

				
					Br

				

				
					He

				

				
					Rn

				

				
					Ar

				

				
					C

				

				
					Pb

				

				
					Si

				

			

		

		
			
				Figure 6.2.3 Tin Sn and lead Pb are same group elements 
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				1. Determine the period numbers of the following elements:

				nitrogen, copper, calcium, bromine.

				lithium, boron, sulfur, chro-mium.

				2. Determine the group numbers of the following elements:

				zinc, magnesium, hydrogen, potassium.

				gold, phosphorus, silicon, silver.

			

		

		
			
				How many periods are in the Periodic table?

				What is the difference between periods and groups in the Periodic table?

				How many groups are in the Periodic table?

				What is the group and period numbers of mercury Hg?

				Which elements are located in group 3 of the Periodic table? 

				Which elements are found in the 2nd period of the Periodic table?
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				Questions
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				Chapter review exercises
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				The history of the Periodic table

				1. Which elements are known since ancient times? _________________________________________

				2. Who was first to discover phosphorus P? ______________________________________________ 

				3. In 19th century was discovered _______________ chemical elements.

				4. Who was first to make list of elements that contained 33 elements? __________________________

				5. How Antoine Lavoisier classified following chemical elements?

				As ___________________________ and __________________________

			

		

		
			
				6. In 1829 ___________________________ discovered the existence of families of elements with similar chemical properties. Because there always seemed to be three elements in these families, he called them ___________________________

			

		

		
			
				7. X, Y and Z are elements of Dobereiner’s triad. If the atomic mass of an element X is 24 and that of an element Z is 88, find the atomic mass of Y. 
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				Chapter review exercises
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				The Periodic table

				1. The Periodic table has been developed over many years by several scientists. Each scientist produced a Periodic table with different characteristics and this eventually led to the Periodic table we use today. 

				• Complete the table below by writing the name of the scientist

			

		

		
			
				 2. The diagram below is an outline of the modern Periodic table.

			

		

		
			
				Using the letters, A-E shows the position of the following elements on the outline of the Periodic table above. Place each letter in the appropriate box on the outline.

				A. a metal which is a liquid at room temperature

				B. the most reactive alkali metal

				C. the element in period 4 group 4

				D. an element that supports the chemical process during a fire

				E. the most common metal in Earth’s crust

			

		

		
			
				8. Law of ______________ in chemistry, the generalization made by the English chemist ______________ in 1865 that, if the chemical elements are arranged according to increasing atomic weight, those with similar physical and chemical properties occur after each interval of seven elements.

				9. In 1869 Russian chemist __________________________ discovered first model of Periodic table. This table was composed of _________ (number) horizontal rows and ______________ (number) vertical columns. 

			

		

		
			
				
					Characteristic of the periodic table

				

				
					Name of scientist

				

				
					Law of octaves

				

				
					Triads of elements

				

				
					Spaces for undiscovered elements
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				Chapter review exercises
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				3. The table below shows 6 elements and the atomic structure of their atoms. The elements are represented by the letters A-F. 

			

		

		
			
				Using the letters A-F, identify the following elements. Each letter may be used once, more than once or not at all. 

				• An element in group 13 ____________________

				• A noble gas __________________ 

				• An element in period 3 _________________

				• Two elements in the same group ____________ and ____________

				• An element in group 12 _____________

			

		

		
			
				4. The modern Periodic table contains 118 elements.

				• At room temperature and pressure, most of these elements are solids, a few are gases, and two are liquids. 

				I. Write the symbol for the nonmetallic element which is a liquid at room temperature and pressure. 

				__________________________________________________________________________________________ 

				Write symbols for nonmetallic elements which is solid at room temperature and pressure. 

				__________________________________________________________________________________________ 

				II. Name 2 elements that exist as solid at room temperature and pressure.

				 1._________________________ 2. _____________________

				Name 3 elements that exist as gases at room temperature and pressure.

				1._________________________ 2. _____________________ 3._________________

				5. Write the group and period numbers for each of the elements: 

				• Si – _____________ Group, _____________ period

				• Mn – _____________ Group, _____________ period

				• As – _____________ Group, _____________ period

				• Ag – _____________ Group, _____________ period

				• I – _____________ Group, _____________ period

				• Na– _____________ Group, _____________ period

			

		

		
			
				
					Element

				

				
					Atomic structure

				

				
					A

				

				
					5 protons, Ar = 10.811

				

				
					B

				

				
					4 electrons, 5 neutrons

				

				
					C

				

				
					Number of electrons = 17

				

				
					D

				

				
					30 protons, 35 neutrons

				

				
					E

				

				
					20 protons, 20 electrons

				

				
					F

				

				
					Atomic mass = 20

				

			

		

	
		
			
				Chapter review exercises
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				6. Find missing elements. 

			

		

		
			
				7. The Periodic table below shows some elements.

			

		

		
			
				Use only the elements shown above to answer the following questions.

				• Name one metal that is solid at room temperature and pressure.

				________________________________________________________________________

				• Name one nonmetal, which is a solid at room temperature and pressure.

				________________________________________________________________________

				• Write the symbol for an element which is a liquid at room temperature and pressure.

				________________________________________________________________________

				• Name one element, which is a colorless gas at room temperature and pressure.

				________________________________________________________________________

				• Name the metal, which is red-colored.

				________________________________________________________________________

				• Name the nonmetal, which is yellow-colored.

				________________________________________________________________________

				• Name three gases that can be found in the atmosphere.

				________________________________________________________________________

			

		

		
			
				
					Period

				

				
					Group 

				

				
					Element name

				

				
					Symbol

				

				
					III

				

				
					2

				

				
					II

				

				
					8

				

				
					V

				

				
					3

				

				
					VI

				

				
					4

				

				
					III

				

				
					13

				

				
					II

				

				
					13
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				Chemistry in life
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				1. Glass tubes filled with neon are used as brightly lit signs.

			

		

		
			
				3. Hot liquid sulfur is pumped up from an underground mine.

			

		

		
			
				2. Oganesson (Og) is the last and heaviest ele-ment in the periodic table.

			

		

		
			
				4. Pure bismuth Bi forms an oxide in the air that is seen as colourful crystals called hopper crystals.
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				S U M M A R Y
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				Periodic table of chemical elements

				History of the periodic table

				Debereiner's triads:

				Cl - 35.5    Br - 80     I - 127

				P - 31       As - 75     Sb - 122

				Li - 7        Na - 23     K - 39

				Newland's law of octaves

				Mendeleev's periodic law

				There 7 periods and 18 groups in the periodic table. 

				A period is a horizontal row of the periodic table. There are seven periods in the periodic table.

				The vertical columns on the periodic table are called groups or families.

			

		

		
			
				
					Year

				

				
					Scientist

				

				
					Development of the periodic law

				

				
					1829

				

				
					N.V.Debereiner (Debereiner's triads)

				

				
					Dobereiner classified elements in the increasing order of their atomic masses into groups of 3 elements called triads. 

				

				
					1863

				

				
					J. Newlands

					(Newland's law of octaves)

				

				
					Elements were arranged to increase atomic masses such that the properties of the eight elements were the repetition of the properties of the first element.

				

				
					1864

				

				
					J.L. Meyer

				

				
					Arranged 44 elements in 6 vertical columns in accordance with their valence

				

				
					1869

				

				
					D.I.Mendeleev

				

				
					Discovered the periodic law and published his first version of the periodic table of chemical elements.
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				Summative assessment

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				1. X, Y, and Z are the elements of Dobereiner’s triad. If the atomic mass of element X is 24 and that of element Z is 88, find the atomic mass of Y. 

				2. Calculate atomic masses of the element by use of Dobereiner’s triad. Compare your answers with the Periodic table. 

				3. Place the missing elements in the periodic table. 

				4. What are elements with similar chemical properties to chlorine Cl?

				5. What are elements with similar chemical properties to argon Ar?

				6. What is the group and period numbers of nitrogen N?

				7. What are elements located in group 14 of the periodic table? 

				8. What are elements located in the 4th period of the periodic table? 

				9. Write the group and period numbers of the following elements: O, Ne, Li, Fe, Cr, As, I.

			

		

		
			
				

				
					Atomic mass Cl

				

				
					Atomic mass Br

				

				
					Atomic mass I

				

				
					35.5

				

				
					126.9

				

			

		

		
			
				
					Atomic mass P

				

				
					Atomic mass As

				

				
					Atomic mass Sb

				

				
					31

				

				
					75

				

			

		

		
			
				
					Atomic mass Li

				

				
					Atomic mass Na

				

				
					Atomic mass K

				

				
					23

				

				
					39

				

			

		

		
			
				
					Atomic mass S

				

				
					Atomic mass Se

				

				
					Atomic mass Te

				

				
					32

				

				
					128
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				science history

			

		

		
			
				In the late 1920s, the French amateur scientist Charles Janet devised various version of the periodic table of the chemical elements. 

			

		

		
			
				Handwritten draft of the first version of Mendeleev's Periodic Table

			

		

		
			
				The De Chancourtois periodic table was the first periodic table in which elements were arranged to increase atomic weights.

			

		

		
			
				In 1933 John Clark published a novel spiral chart of the periodic system of the chemical elements.
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				chapter
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				Relative atomic mass. Simple chemical formula

			

		

		
			
				7
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				7.1 Relative atomic mass

				7.2 Valency. Chemical 

				formulas

				7.3 Calculating relative 

				molecular mass

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Chemical elements differ from each other by their atomic masses. The nuclei of some elements are heavy, and some are light. To compare the atomic masses of the elements, scientists have introduced different concepts. When chemical elements interact, they bond in a cer-tain ratio. Electrons are used to bind elements. A chemi-cal compound is formed from the combined elements. To date, the number of identified and theoretically predicted compounds is more than 65 million. In this chapter, we will get acquainted with the con-cepts of atomic masses, valence, chemical formulas of chemical elements.

			

		

		
			
				- Atoms and molecules;

				- Metals and nonmetals;

				- Physical properties of substances;

				- Chemical and physical changes.
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				Relative atomic mass

			

		

		
			
				7.1
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				- understand that most of the elements on Earth are found as a mixture of isotopes formed during the formation of planets;

				- understand that atomic masses of chemical elements that have natural isotopes are fractional;

				- know the definition of relative atomic mass.
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					You will:
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				What do you know about the formation of the Universe?
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				Occurrence of elements

				Most of the elements on Earth are found as a mixture of isotope atoms. As you remember, isotopes can be defined as atoms with the same number of protons but a different number of neutrons. 

				Therefore, determining the atomic masses of these elements can be problematic.

				For example, the lithium atom has two isotopes: 6Li and 7Li. So, which number will be the atomic mass of Li, 6 or 7? The atomic mass of Li is exactly 6.94 amu.

				The average atomic masses are used to solve this problem. The average atomic mass is the average masses of natural isotopes of an element. The average atomic mass is calculated by multiplying the atomic mass of each isotope by its percentage of abundance and adding the values obtained. The following formula can show this:

			

		

		
			
				
					[image: ]
				

				
					
						i

					

				

				
					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

					
						[image: ]
					

				

				
					
						i

					

				

				
					
						i

					

				

				
					
						i

					

				

				
					
						i

					

				

			

			
				[image: ]
			

		

		
			
				Most of the elements on Earth are found as a mixture of isotopes formed during the formation of planets.

			

		

		
			
				During most of their lifetime, stars produce energy by fusing hydrogen 1H into helium 2He. After they run out of hydrogen, if the temperatures in their cores are high enough, they start to fuse helium nuclei into carbon 6C and oxygen 8O. And when they run out of helium, they then start to fuse carbon and oxygen. Heavy elements produced by nuclear fusion inside the star are concentrated toward the centre of the star. Iron 26Fe, being the most stable element, sits at the core.
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					He

				

			

			
				
					C, O

				

			

			
				
					Si, S

				

			

			
				
					Fe
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					Keep in mind
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				Example
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				Chlorine 35Cl and 37Cl isotopes are known. What is the average atomic mass of a chlorine atom if the percentage of an abundance of 35Cl is about 75% and of 37Cl is about 25%?

				Solution

				With the help of this formula:

				 Average atomic mass (Cl) = [35 • 75 + 37 • 25] / 100 = 35.5 amu
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				Relative atomic mass

				 As you know, the mass of an atom is tiny. Hydrogen is the lightest element. Mass of hydrogen atom is about 

				0,000 000 000 000 000 000 000 001 673 g or 1,67 • 10-24 g. 

				Figure 7.1.1. And the mass of the oxygen atom is about 2,667 • 10-23 g. Using such numbers in the calculations is difficult. Scientists choose one of the atoms of the elements as a standard to compare mass ratios. For 
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				CHAPTER 7

			

		

		
			
				this purpose, 12C is accepted as a standard atom. The mass of the 12C isotope atom is accepted as 12.00 amu, and other atomic masses of other elements were calculated accordingly. This is called relative atomic mass. The relative atomic mass (Ar) of an element is the average mass of the atoms of an element in a natural mixture of isotopes, expressed in atomic mass units (amu). 

				 For example, hydrogen’s atomic mass is equal to 1.008 (1 amu), and calcium’s atomic mass is equal to 40.078 (40 amu) with respect to 12C that is 12 amu. Figure 7.1.2.

				In other words, the relative atomic mass of an element is the average mass of its atom to 1/12 of the mass of a 12C atom. In the periodic table, the masses of atoms are written according to these relative calculations. 
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				Figure 7.1.1 Hydrogen is the lightest element 

			

		

		
			
				Figure 7.1.2 Calcium metal

			

		

		
			
				universe - ғалам / вселенная;

				fractional - бөлшектік / дробный; 

				solar system - Күн жүйесі / Солнечная система;

				radioactive - радиоактивті / радиоактивный;

				abundance - таралуы / распространение;

				relative - салыстырмалы / относительный; 

				space - ғарыш / космос;

				average - орта / средний.

			

		

		
			
				Element X has three isotopes. The abundances of these isotopes are given below. What is the average atomic mass of X?

				20X: 50% ; 21X: 25%; 19X: 25%

				What is the average atomic mass of Mg if the natural abundances of Mg isotopes are given below? 

				24Mg: 78.70% 25Mg: 10.13% 23Mg: 11.17%

				Find relative atomic masses of the following elements. Use the Periodic table. 

				sodium Na

				oxygen O

				chlorine Cl

				phosphorus P

				silver Ag
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					Literacy
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					Terminology
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					Facts
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				Most elements have at least two stable isotopes. The term stable here means not radioactive. Tin has the largest number of stable isotopes of any element.
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					Facts
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				The Sun is the largest object in our solar system, containing 99.8 % of the solar system's mass.
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				Valency. Chemical formulas

			

		

		
			
				7.2
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				- know the definition of valency;

				- be able to write chemical formulas of binary compounds by using valency and an atomic ratio.
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					You will:
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				What do you think, how many new chemical formulas are 

				found each day? 

			

		

		
			
				Valency

				A chemical formula shows the composition of compounds. The chemical formula is a combination of symbols and numbers that represent compounds. To write a chemical formula of any compound, we need to know the atomic ratio between elements. For example, the formula for water is H2O. Two atoms of hydrogen connect with one atom of oxygen. The formula of ammonia NH3 contains one atom of nitrogen and three atoms of hydrogen. 

				 To understand how the chemical formula of any compound is written we need to know the term valency. The valency of an element is a measure of its combining power with other atoms when it forms chemical compounds or molecules. Table 7.2.1.

				In other words, think of all the elements as people having multiple "hands"; each of them wants to be a friend to others. Hydrogen has only one "hand", helium has none (he prefers to be alone), carbon has four and so on. Any element can get a friend by holding "hands" with him.

				 Multiple elements can hold "hands" to form a group of friends. For example, two hydrogen’s can shake "hands" with one oxygen to form H2O, or one hydrogen can hold "hands" with one chlorine to form HCl. Figure 7.2.1.

			

		

		
			
				Let’s examine how hydrogen makes compounds with the following elements: bromine Br, sulfur S, phosphorus P and carbon C. 

				Valency of Br is 1. So the ratio and the compound will be 1:1 and HBr, respectively.

				Valency of S is 2. So the ratio and the compound will be 2:1 and H2S, respectively.

				Valency of P is 3. So the ratio and the compound will be 1:3 and PH3, respectively.

				Valency of C is 4. So the ratio and the compound will be 1:4 and CH4, respectively. Figure 7.2.2

			

		

		
			
				Table 7.2.1 Valencies of some elements. 

			

		

		
			
				

				
					Elements

				

				
					 Сonstantvalencies

				

				
					Elements

				

				
					 Variablevalencies

				

				
					H, Na, K, Li, F

				

				
					I

				

				
					S

				

				
					II, IV, VI

				

				
					  II N I, II, III, IV,Mg, Be, Ca, Ba, Zn, O

				

				
					II

				

				
					N

				

				
					I, II, III, IV, V

				

				
					Al, B

				

				
					III

				

				
					P

				

				
					III, V

				

				
					Fe, Co, Ni

				

				
					II, III

				

				
					Cu

				

				
					I, II

				

				
					  II, IV   Cl,C, Si, Sn, Pb

				

				
					II, IV

				

				
					Cl, Br, I

				

				
					I, III, V, VII

				

				
					Cr

				

				
					II, III, VI

				

			

		

		
			
				Figure 7.2.1 Water and hydrogen chloride molecules

			

		

		
			
				Figure 7.2.2 Phosphine PH3 and methane CH4 molecules
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				CHAPTER 7

			

		

		
			
				Chemical formula

				In chemistry, elements and their atoms are shown by symbols. But compounds are shown by formulas. 

				The chemical formula is a combination of symbols and numbers that represent compounds. It shows the qualitative and quantitative composition of the compound. 
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				Activity

			

		

		
			
				Questions
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					Keep in mind
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				Making a molecule models (Individual work)

			

		

		
			
				Materials: molecular model sets.

			

		

		
			
				Make molecular models: 

				- sodium chloride NaCl, methane СН4, carbon dioxide СО2, silane SiH4. 

				- ethane C2H6, quartz SiO2, water H2O, ammonia NH3.
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				 Writing chemical formula using valency.

				When two elements connect, they form a binary compound. To correctly write the chemical formula of these compounds, we need to know the valencies of connecting elements. To write the chemical formula, we use several steps: 

				1. We write symbols of each element and its valencies.

				2. We determine the least common multiple numbers expressing the valency of the atoms of both elements.

				3. Determine the subscripts by dividing the least common multiple by valency number.
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				Example 1 

			

		

		
			
				Example 2
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				Write the chemical formula of Aluminium oxide.

				Solution

				Valencies of Aluminium and oxygen are III and II, respectively. 

				The least common multiple of III and II is 6. 

				The subscript of Aluminium is equal to 6:3=2. The subscript of oxygen is equal to 6:2=3. So, the formula of Aluminium oxide is Al2O3.

			

		

		
			
				Write the chemical formula of calcium sulfide. 

				Solution

				Valencies of calcium and sulfur are II and II, respectively. 

				The least common multiple of II and II is 2. 

				Subscript of calcium is equal to 2:2=1. Subscript of sulfur is equal to 2:2=1. So, the formula of calcium sulfide is CaS.

			

		

		
			
				Subscript 1 is not written in the formulas of compounds.

			

		

		
			
				1. Write the chemical formulas of binary compounds:

				- magnesium and oxygen;

				- fluorine and silicon;

				- calcium and chlorine;

				- potassium and bromine.

				2. Find valencies of chemical elements:

				- Al2O3, AlCl3, Al4C3.

				- BaCl2, BaO, BaS. 

				- OF2, CaF2, HF.

				- MnO2, Cu2O, CrO3, Ag2O. 
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					Literacy
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					Terminology
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				valency - валенттілік / валентность;

				variable - айнымалы / переменный;

				subscript - индекс / индекс;

				binary compound - биэлементті қосылыс / бинарное соединение;

				qualitative - сапалық / качественный;

				quantitative - сандық / количественный;

				least common multiple - ең кіші ортақ еселік / наименьшее общее кратное;

			

		

		
			
				Write formulas for the compounds formed by the following pair of elements:

				 - hydrogen (I) and sulfur (II)

				 - iron (III) and chlorine (I)

				 - lead (IV) and oxygen (II)

				 - barium (II) and iodine (I).

			

		

		
			
				- sulfur dioxide SO2, hydrogen sulfide H2S, tetrachloromethane CCl4, diphosphorus pentoxide P2O5.
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				Calculating relative molecular mass 

			

		

		
			
				7.3
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				- be able to calculate relative molecular mass by using a chemical formula.
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					You will:
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				How to calculate the molecular mass of a compound by use of chemical formula?
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				Figure 7.3.1 Structural formulas of carbon dioxide

			

		

		
			
				Figure 7.3.2 Molecular structure of glucose

			

		

		
			
				In previous chapters, we studied the relative atomic mass of elements. In this topic, we will learn how to calculate a relative molecular mass for compounds. As we know, compounds are composed of two or more elements in a special ratio. 

				For compounds similar to relative atomic mass, a relative formula mass is used. A relative formula mass is the sum of relative atomic masses of the atoms found in a compound. Let’s see an example.

			

		

		
			
				 Determine the relative formula mass of CO2 Figure 7.3.1. 

				 Solution

				 First of all, we need to determine the relative atomic masses of carbon C and oxygen O. We use a Periodic table: 

				The relative atomic mass of carbon and oxygen are 12 and 16, respectively.

				Then, we need to multiply the numbers of carbon and oxygen atoms by their relative atomic mass:

				The relative atomic mass of carbon • number of carbon atoms = 12•1 = 12 amu

				The relative atomic mass of oxygen • number of oxygen atoms = 16•2 = 32 amu

				Finally, we need to sum up obtained amounts:

					12 + 32 = 44 amu

				 Total:

				Relative formula mass (CO2) = 1 • relative atomic mass of C + 2 • relative atomic mass of O. 

				Relative formula mass (CO2) = (1 • 12) + (2 • 16) = 44 amu

			

		

		
			
				Calculate the relative formula mass of glucose С6H12O6 Figure 7.3.2. 

				 Solution

				 Glucose С6H12O6 is an organic compound. We solve it in the same way. The only difference is that we need to open branches as in algebra. 

				Relative atomic masses of carbon C, hydrogen H and oxygen O are 12, 1 and 16, respectively.

				Let’s calculate:

				The relative formula mass of С6H12O6 = 6 • relative atomic mass of C + 12 • relative atomic mass of H + 6 • relative atomic mass of oxygen) = 6 • 12 + 12 • + 6 • 16) = 72 +12 + 96 = 180 amu.

				or 

				M(С6H12O6) = 6 • 12 + 12 • 1 + 6 • 16 = 180 amu
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				Example 1 
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				Example 2
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				CHAPTER 7

			

		

		
			
				Calculate the relative formula mass of Ba(NO3)2. 

				 Solution

				Barium nitrate Ba(NO3)2 compound is more complex than the previous example.

				We solve it in the same way. The only difference is that we need to open branches as in algebra. 

				Relative atomic masses of barium Ba, nitrogen N and oxygen O are 137, 14 and 16, respectively.

				Let’s calculate:

				Relative formula mass of Ba(NO3)2 = 1 • relative atomic mass of Ba + 2 •(1 • relative atomic mass of N + 3 • relative atomic mass of oxygen) = 1 • 137 + 2 • (1 • 14 + 3 • 16) = 137 + 2 • 62 = 261 amu.

			

		

		
			
				Relative atomic mass and relative formula mass are used when we made calculations in chemistry. What are the units for measuring mass you use in your daily life? Which units are used in jewellery, industry, and sport? Discuss it with your friends. 
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				Example 3
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				Activity

			

		

		
			
				Activity
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					Literacy
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					Terminology
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				Find the relative atomic masses of the following elements:

				Li, Na, P, Cl, Fe, Ga, Ti

				Calculate the relative molecular mass of the following compounds:

				a). SO2, CH4, KH, FeS2, PCl3. 

				b). H2SO4, H2CO3, Fe(OH)3, HBrO2.  

				c). Al2(SO4)3, Fe3(PO4)2, CaHPO4. 

				d). C2H5OH, CH3COOH, C12H22O11.

			

		

		
			
				relative atomic mass - салыстырмалы атомдық масса / относительная атомная масса;

				carbon - көміртек / углерод;

				natural element - табиғи элемент / природный элемент;

				complex - күрделі / сложный;

				jewellery - зергерлік бұйымдар / ювелирные изделия;

			

		

		
			
				1. a) Determine the valencies of elements in Cr2O3.

				b) Find the relative molecular mass of Cr2O3.

				2. Write the chemical formulas of substances: 

				- one atom of nitrogen and three atoms of hydrogen;

				- two atoms of Aluminium and three atoms of oxygen;

				- two atoms of sodium, one atom of carbon and three atoms of oxygen. 

				Calculate the relative molecular masses of the compounds above. 

				3. Make a molecular model and determine the relative molecular masses of the following compounds below (white-hydrogen, grey-carbon):
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				1 amu has a mass about 1.660538921 • 10−24 g. 
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					Facts
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				Chapter review exercises
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				1. Use the listed atomic numbers to find the elements to spell out the names of places worldwide.

			

		

		
			
				2. Here are 3 isotopes of an element: 137N, 147N and 157N.

				• The element is __________________________

				• The number 7 refers to the _________________

				• The numbers 13, 14, 15 refer to the _________________

				• How many protons and neutrons are in the 1st isotope? ______________

				• How many protons and neutrons are in the 2nd isotope? ______________

				• How many protons and neutrons are in the 3rd isotope? ______________

				3. Nitrogen has 3 naturally isotopes: nitrogen-13, nitrogen-14 and nitrogen-15. Based on nitrogen’s reported atomic mass, which isotope do you think is the most abundant in nature? Explain your suggestion.

				4. Calculate the relative atomic mass of bromine. The two isotopes have atomic masses and relative abundances an 79 amu (51%) and 81 amu (49%). 

			

		

		
			
				
					1

				

				
					49 73 53 35

				

				
					2

				

				
					11 53 1 6 

				

				
					3

				

				
					7 53 91 16

				

				
					4

				

				
					75 84 31 7 53 16

				

				
					5

				

				
					60 54 84 

				

				
					6

				

				
					7 73 16 53 19 91 

				

				
					7

				

				
					60 57 58 53 

				

				
					8

				

				
					58 7 88 9 

				

			

		

		
			
				5. How many electrons are in the following elements?

				A. Lithium _______

				B. Calcium _______

				C. Fluorine _______

				D. Carbon _______

				E. Hydrogen _______

				F. Oxygen _______

				 

				6. How many valence electrons does each of the following have?

				A. Lithium _______

				B. Calcium _______

				C. Fluorine _______

				D. Carbon _______

				E. Hydrogen _______

				F. Oxygen _______

			

		

	
		
			
				Chapter review exercises
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				7. How can you find the number of valence electrons of an element?

				8. Complete the following chart.

			

		

		
			
				
					Atomic structure of element

				

				
					Chemical Symbol

				

				
					Total number of electrons

				

				
					Number of valence electrons

				

				
					Metal or nonmetal?
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				Chapter review exercises
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				9. Write the formulas of compounds that can be made from the following elements: 

				• hydrogen and oxygen

				• lithium and sulfur

				• calcium and bromine

				• fluorine and oxygen

				• hydrogen and carbon

				• carbon and Aluminium

				10. Determine the valences of elements in the following compounds: 

				CH4, SiO2, AgCl, N2O5, SnCl2, Fe2O3, Al2O3, CO, SO3, CrO

				11. Whitening toothpaste contains hydrogen peroxide, water, and organic, inorganic compounds. 

				The table below shows the chemical formula and relative molecular mass of chemicals which can be found in whitening toothpastes. Complete the table.
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					Substance

				

				
					Chemical formula

				

				
					Relative formula mass

				

				
					Water

				

				
					Aluminium oxide

				

				
					Sodium fluoride

				

				
					Sodium hydrogen carbonate

				

				
					84

				

				
					Hydrated silica

				

				
					SiO2×2H2O

				

			

		

	
		
			
				Chapter review exercises
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				• Complete the table.

				______________________________________________________________________________

				______________________________________________________________________________

				______________________________________________________________________________

				______________________________________________________________________________

				• Which elements are presented in sodium hydrogen carbonate? 

				______________________________________________________________________________

				12. Questions 1-4 refer to the following chemical formulas:

				A) NO 

				B) 35Cl, 37Cl

				C) II

				D) SO2

				E) Al2O3

				1. Isotopes of chlorine

				2. Has a formula weight of 64 AMU

				3. The valence of calcium metal

				4. Is a diatomic molecule

				13. Which molecules have similar relative molar masses?

				a) H2SO4 b) CaCO3 c) KHCO3 d) H3PO4 e) CO2 f) N2O g) C3H8

				14. Find the relative molar mass of the following molecules:

			

		

		
			
				
					Molecules

				

				
					1st atom

				

				
					Number of 1st atoms

				

				
					2nd atom

				

				
					Number of 2nd atoms

				

				
					Relative molar mass

				

				
					CO

				

				
					C

				

				
					1

				

				
					O

				

				
					1

				

				
					28 = 21×16+1×12

				

				
					H2O

				

				
					Li2O

				

				
					SiH4

				

				
					H2O2

				

				
					SO3

				

				
					B2O3

				

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				1. The isotopic composition of an element is determined by mass spectrometry. Mass spectrometry is a method for measuring the relative masses and abundances of atomic-scale particles very precisely. The diagram below shows part of a mass spectrum of a sample of the element. Each peak in the spectrum represents an isotope of this element.

				- What are isotopes?

				- Based on the mass spectrum above, how many isotopes of the element are present in the sample?

				- What is the mass of the isotope with the least relative abundance?

				- What is the mass of the isotope with the greatest relative abundance?

				- What element is represented by this mass spectrum?

				- Without performing any calculations, predict the approximate atomic mass for the element. Explain the basis for your prediction. 

				2. 

				Using the graph above, answer the following questions:

				- How many isotopes of this element are present?
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				CONTEXT-BASED QUESTIONS
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				- What element is represented by this mass spectrum?

				- What is the most abundant isotope of this element?

				3. Given all natural isotopes of barium element. Calculate the relative atomic mass of barium.

				4. Aniline is an organic compound with the formula C6H5NH2. 

				Aniline appears as a yellowish to brownish oily liquid with a musty fishy odor. It is used to make dyes, rubber additives, drugs, photographic chemicals, pesticides and other compounds.

				- Calculate the molecular mass of aniline.

				- A bottle of aniline would show the following symbol.

				What do you understand by this symbol?
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				Chemistry in life
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				1. The radiocarbon dating used to provide good estimates of the age of once-living mate-rial – involves the isotope carbon-14.

			

		

		
			
				3. This flexible rubber is made stronger by adding zinc oxide. Zinc oxide ZnO is a binary compound. 

			

		

		
			
				2. Chromium also gives gemstones, such as rubies, their deep-red colour. This red colour is due to the presence of tiny amounts of chro-mium oxide Cr2O3 in the crystal.

			

		

		
			
				4. This body scan was created using the radioactive effects of technetium Tc.
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				S U M M A R Y
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				Isotopes are atoms of the same element with different numbers of neutrons but the same number of protons and electrons.

				Isotopes of hydrogen: 1H-protium, 2H-deuterium, 3H-tritium. 

				Many elements have one natural isotope, for example, Be, F, Na, Al, P, Mn, Co, I, Au, etc. But most elements have two, three or more stable isotopes.

				The relative atomic mass of an element is the average mass of its atoms, compared to 1/12th the mass of a carbon-12 atom:

				R.А.М. = [isotope1•ω1 + isotope2•ω2 +...+ isotopen•ωn] / 100%

				Valency is the combining capacity of the elements to form compounds.

				Valencies of elements

				І - H, F, Li, Na, K

				II - O, Mg, Ca, Sr, Ba, Zn

				III - B, Al

				IV - C, Si

				I, II - Cu

				II, III - Fe

				II, III, VI - Cr

				II, IV, VI - S

				I, II, III, IV, V - N

				III, V - P

				II, IV - Sn, Pb

				I, III, V, VII - Cl, Br, I

				Chemical formulae provide a way to represent any chemical substance using the symbol of the elements present in it.

				A binary compound is a substance composed of exactly two different elements. Examples: CH4, H2O, NH3, P2O5, CaO, KI, N2O, SiO2.

				Writing formulas by using valency:

				Write element symbols:

				Al O

				Write the valencies of elements:

				AlIII OII

				Find the least common multiple (LCM):

				 AlIII OII (6)

				Divide the LCM by the valence of the elements:

				Al 6:3=2 O 6:2=3

				Arrange indexes:

				Al2O3

				The relative molecular mass (relative formula mass) is defined as the sum of all the individual atomic masses of all the atoms in the formula: 

				Mr(H2S) = 2•Ar(H) + Ar(S) = 2•1 + 32 = 34 amu.

				Mr(H2SO4) = 2•Ar(H) + Ar(S) + 4•Ar(O) = 2•1 + 32 + 4•16 = 98 amu

				Mr(Al2(SO4)3) = 2•Ar(Al) + 3•[Ar(S) + 4•Ar(O)] = 2•27 + 3•32 + 3•4•16 = 342 amu

			

		

	
		
			
				Summative assessment
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				1. Which of the following pairs of elements are isotopes?

				2. Element Z has two isotopes (3820Z and 4020Z). Abundances of these elements are 25% and 75%. Calculate the average atomic mass of element Z.

				3. Use the Periodic table. Arrange the following elements in order of increasing atomic masses: 

				K, Na, I, O, C, P, Fe, Cl, H, He.

				4. The chemical formula of vinegar consists of 3 elements: carbon, oxygen, and hydrogen. The ratio between these elements is 1:1:2, respectively. Suggest possible chemical formula of vinegar. 

				5. Write chemical formulas for the compounds formed by the following pair of elements: 

				a. zinc (2) and chlorine (1);

				b. copper (2) and oxygen (2);

				c. lead (4) and iodine (1);

				6. Determine the valencies of the second element in the following compounds:

				a. compounds of oxygen: Fe2O3, Cu2O, SiO2 

				b. compounds of sulfur: CaS, CS2, K2S

				7. Find elements which:

				a. Have relative atomic mass: 4, 20, 40, 80.

				b. Which elements have relative atomic masses in a ratio of 2:1

				8. A chemical compound X with relative formula mass 84 is used in the bakery. It consists of sodium, hydrogen, oxygen and carbon atoms. Guess the chemical formula of compound X if the ratio between three of consisting elements is 1:1:3:1.

				9. Calculate the relative molecular mass of the following compounds:

				a. Fe2O3  b. CaS c. BaCl2 d. Cu(NO3)2

				10. Some compounds are very expensive. 100 g of silver nitrate (AgNO3), for example, costs 40000 tenge. 100 g of table salt (NaCI) costs 34 tenge. Why do you it is so?

				11. What are the most common compounds found in the atmosphere? Research. 

				 

				12. True/False questions:

				a. Isotopes have the same atomic masses - T / F

				b. Valency of oxygen is 2 - T / F

				c. Iron is the heaviest element - T / F

				13. Hydrogen is the lightest element. However, helium gas is used in air balloons. What is the reason? Discuss.

				
					
						
							№

						

						
							Element A

						

						
							Element B

						

						
							a

						

						
							1939X

						

						
							  b 811940Y
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				science history

			

		

		
			
				John Dalton (1766-1844) - English meteorologist and chemist, a pioneer in the development of modern atomic theory. 

				John Dalton introduced the concept of "atomic weight". He was the first to calculate the atomic weights (masses) of a number of elements and compile the first table of their relative atomic masses. 

				Dalton calculated the atomic weight of each substance in relation to hydrogen as the lightest, ending his list with mercury. He miscalculated the atomic masses of the elements.

			

		

		
			
				At the end of the 18th century, the German chemist J. B. Richter (1762-1807) introduced the concept of stoichiometry and showed that elements combine in certain ratios.

			

		

		
			
				Mass-spectrometry

				The relative abundance of each isotope can be determined using mass spectrometry.

			

		

		
			
				The mass spectrometer is done to identify unknown compounds in a given sample. 

			

		

		
			
				The mass spectrum of a sample shows the relative abundances of the isotopes.
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				Chemistry of the human body

			

		

		
			
				8
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				8.1 Nutrients in food

				8.2 Chemical elements in a human body. Practice work №4

				8.3 Breathing process. 

				Laboratory work №11

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

				Science history

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Factors necessary for human life include air, water, food, clothing, and shelter. Food is important for human growth. The nutrients in food include carbohydrates, fats, proteins, vitamins, micronutrients and water. When humans consume these substances, they break down into chemical elements. Elements have their functions in the human body. We will get acquainted with all these concepts in this chapter.

			

		

		
			
				- Atoms and molecules;

				- Metals and nonmetals;

				- Living organisms;

				- Types of nutrition;

				- Types of energies;

				- Testing for organic substance in food;

				- Breathing process;
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				Nutrients in food

			

		

		
			
				8.1
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				- consider food as an aggregation of chemical substances;

				- know and define main nutrients such as carbohydrates, proteins, and fats.
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					You will:
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				Which nutrient is the most eaten in our lives? Is it the same for people from Kazakhstan and people from other countries?

			

		

		
			
				You are what you eat

				Food is something that living things eat. So why do people and animals need to eat foods? It is known that food contains many nutrients. Nutrients are the chemical substances needed to keep living things alive and help them grow. There are six nutrients: carbohydrates, proteins, fats, vitamins, minerals and water. Food products contain low amounts of minerals and vitamins. We need minerals and vitamins in a small amount to support different functions of our body. Water H2O is one of the essential substances living things need. It is used as a solvent where all chemical reactions occur in our body. And carbohydrates, proteins, fats are the main nutrients that people need in large quantities.

				Carbohydrates

				 Carbohydrates are the main energy and nutrition source for all living organisms, including humans. Some of the more common carbohydrates in our daily lives are cellulose, which exists in plant tissue and is a raw material for paper, starch, an energy resource for plants, animals and humans, glucose, and fructose in fruit and honey. Sources of carbohydrates include fruits, vegetables, grains. Carbohydrates are also known as sugars. Figure 8.1.1.

				Starch is the most important carbohydrate and is formed by combining many glucose molecules. Corn, potatoes, rice, roots of plants and seeds are the main sources of starch. Starch is an essential nutritional resource.

				Proteins

				 Proteins are extremely important components of all living organisms. The word "protein" means "primary importance" because of the many essential functions of proteins in living cells. Much of our bodies' dry weight is protein. Even our bones are about one-quarter protein. The animals we eat and the microbes that attack us are also largely protein. The leather, wool, and silk clothing that we wear are nearly pure protein. So, protein is the main structural part of cells. Therefore, people need to eat protein-rich products such as meat, fish, eggs, dairy products. Figure 8.1.2.

			

		

		
			
				Your brain only uses glucose to run on; it is the primary energy source for your brain!
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				Figure 8.1.1 Foods high in carbohydrates

			

		

		
			
				Figure 8.1.2 Foods high in proteins
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					Keep in mind
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				CHAPTER 8

			

		

		
			
				Figure 8.1.3 Foods high in fats
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				Fats

				Fats also play a major role in nutrition. Fats and oils are some of the most important forms of energy for the body. As well as storing energy in the body, fats are used to protect body tissues and help transport fat-soluble vitamins throughout the blood. Fat-rich foods are meat, fatty fish, avocado, olives, nuts, seeds. Figure 8.1.3.
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				Activity
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					Facts

				

			

			
				[image: ]
			

		

		
			
				A raw food diet is based on the idea that cooking food is unnatural and unhealthy and that only uncooked food should be eaten. It is almost always vegetarian or vegan and sometimes incorporates organic food. 

				While it is true that overcooking can destroy some of the nutritional value in food, and it is also true that burning food can create carcinogenic compounds, cooking also has beneficial effects. Eating only uncooked food isn't necessarily unhealthy, but it isn't necessarily any more healthy than eating cooked food. 
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				Fresh salad in kitchen 

			

		

		
			
				Work in groups of 3 or 4. 

				1. Take any food or drink product. Find on the wrapper of the product the composition. Figure 8.1.4. Find out which of the main nutrients are in a major amount? Why?2. On the wrapper of any food or drink product, you can also find calo-rific value. The calorific value of a product is the amount of energy that a person can gain. Unit of energy is Joule or Calorie. Calculate the calorific value of your product. Which one is high-calorie, and which is a low-calorie product?Discuss and share with your classmates. 

			

		

		
			
				Figure 8.1.4 Nutrients and calorific value of cow milk with two percent fat
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				nutrients - қоректік заттар / питательные вещества;

				carbohydrates - көмірсулар / углеводы;

				proteins - ақуыздар / белки;

				fats - майлар / жиры;

				essential - елеулі, маңызды / существенный;

				dairy products - сүт өнімдері / молочные продукты.
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					Terminology
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					Literacy

				

			

		

		
			
				What are carbohydrates?

				What is starch? What are the sources from which it can be obtained?

				Which foods are our main source of proteins?

				*What are the benefits of a raw food diet, in your opinion?

				*What is the source of energy in the brain?
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				Chemical elements in a 

				human body

			

		

		
			
				8.2
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				- know elements that are present in a human body (О, С, Н, N, Ca, P, K).
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					You will:
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				You can't live without iron. Where in the body most of the iron is located?
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				 Body composition

				 Most of the human body is composed of water H2O. That is why most of the body is made up of hydrogen and oxygen atoms. Carbon is about 20% by mass because it is the basis of all organic compounds in a body, such as proteins, carbohydrates, fats and others. 

				 Almost 99% of body mass is only following seven elements (“big 7”): oxygen, carbon, hydrogen, nitrogen, calcium, phosphorus and potassium Figure 8.2.1. 

				Mass percentage and functions

				 So, what are the main functions of “big 7” elements in our body? 

				Oxygen (O) - 65%. Oxygen is not only the component of water, but it is also the main block of almost all organic compounds in our body, such as carbohydrates, proteins, fats, and others.

				Carbon (C) - 18.5%. Carbon is the main element for all living things because there is no organic compound without a carbon element. We can say that organic compounds are carbon compounds.

				Hydrogen (H) - 9.5%. Hydrogen also found in water and all organic compounds.

				Nitrogen (N) - 3%. Nitrogen is found in all proteins and nucleic acids that make up DNA.

			

		

		
			
				5. Calcium (Ca) - 1.5%. Calcium is one of the main building blocks for our bones and teeth.

				6. Phosphorus (P) - 1%. Phosphorus is another building block of our bones and teeth. It is also found in the ATP molecule, which is the source of energy in a body.

				7. Potassium (K) - 0.3%. Potassium plays the main role in carrying nerve impulses and in keeping blood pressure.
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				The average human body contains enough: iron to make a 7.5 cm nail, sulfur to kill all fleas on an average dog, carbon to make 900 pencils, potassium to fire a toy cannon, fat to make 7 bars of soap, phosphorous to make 2,200 match heads, and water to fill a 38 tank.
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					Facts
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				Figure 8.2.1 Mass percentages of elements in a human body

			

		

		
			[image: ]
		

		
			
				Activity
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				Work in groups. 

				Find food sources for calcium, phosphorus, and potassium elements. Share with classmates.

			

		

	
		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				CHAPTER 8
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					Facts
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				- Human bone is as strong as granite in supporting weight. A block of bone the size of a matchbox can support 9 tonnes;

				- The average person eats 50 tonnes of food and drinks 50,000 liters of liquid during his life;

				- The strongest muscle in the body is the tongue;

				- Nerve impulses to and from the brain travel as fast as 274 km per hour;

				- It's impossible to sneeze with your eyes open;

				- When you sneeze, all your bodily functions stop, even your heart.

			

		

		
			
				nerve impulse - жүйке импульсы / нервный импульс;

				precipitate - тұнба / осадок;

				detection - анықтау / определение;

				function - қызмет / функция;

				nucleic acids - нуклеин қышқылдары / нуклеиновые кислоты;

				DNA - ДНҚ / ДНК.
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					Terminology

				

			

		

		
			
				[image: ]
			

			
				
					Literacy

				

			

		

		
			
				Find from books or networks at least two functions for each of the following elements: calcium, phosphorus, and potassium in a human body. Share with classmates.

				What are the functions of the iron element in a human body?

				Which nutrients and elements are in a large amount in our national product “Kurt”?
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				 №4. Detection of carbohydrates, proteins and lipids

				 Materials: honey solution, egg protein solution, Benedict’s reagent, Biuret reagent, test tubes, burner, water bath pipettes, sunflower oil, 20% sodium hydroxide solution.

				 Benedict’s solution is used to identify simple sugars (carbohydrates), such as glucose. It is a pale blue solution of sodium and copper salts. 

				 Biuret test is used to identify the presence of proteins. Biuret reagent is a blue solution that reacts with proteins to give pink-purple color.

				 Procedure:

				Pour 3 ml of Benedict's reagent into the test tube, add 5-6 drops of honey solution and mix. Hold the test tube in a boiling water bath for 5 minutes and observe the change in color or precipitate formation. Cool it. Observe the color changes from blue to green, yellow, orange, or red.

				Add 30-40 drops of egg protein solution to the test tube. Then add three drops of Biuret reagent solution to the test tube. Shake it. Observe the color change.

				Emulsification Test for Lipid. 

				Take 4 ml sample in a test tube sunflower oil, shake well. Add 4 ml 20% sodium hydroxide solution. Emulsion is formed (acid neutralize alkali forming soap).

			

		

		
			
				Practice work
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				 Observations:

				 Note your observations between

				a) Benedict’s reagent and honey solution

				...........................................................................................................................

				b) Biuret reagent and egg protein solution

				...........................................................................................................................

				 Questions:

				What are the food sources of carbohydrates?

				.............................................................................................................................

				What are the food sources of proteins?

				.............................................................................................................................

			

		

		
			
				Safety: Wear disposable gloves. Wear eye protection.
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				Breathing process

			

		

		
			
				8.3
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				- explain the breathing process.
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					You will:
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				It is known that people, animals, and other living things inhale oxygen and exhale carbon dioxide. However, the amount of oxygen is 500 times more than the amount of carbon dioxide in the air. What do you think is the reason to be so?
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				Figure 8.3.1 A little girl breathes with releasing of water steam in the winter time 

			

		

		
			
				Figure 8.3.3 Transport of oxygen by hemoglobin in red blood cells 

			

		

		
			
				Table 8.3.1 Composition of inhaled and exhaled air under normal conditions. 

			

		

		
			
				Figure 8.3.2 Photographs were taken from the same vantage point on different days in Almaty, Kazakhstan.

			

		

		
			
				You are breathing, so you are alive

				 Breathing or respiration is a vital process for all living things. Human needs only oxygen gas for breath. Our atmosphere contains about 21% oxygen gas (O2). A human starts breathing with inhalation of air by nose or mouth into the lungs. Figure 8.3.1. And after a chemical reaction of about 25% of inhaled oxygen with organic substances, they turn into carbon dioxide gas (CO2) and water (H2O) with energy production. A then produced man exhales carbon dioxide through the nose or mouth. Table 8.3.1. So we can say that we breathe to produce energy. 

			

		

		
			
				 Health effects of air pollution 

				 Polluted air can cause difficulty breathing, allergy or asthma, and other lung problems. Long-term exposure to air pollution can raise the risk of other diseases, including heart disease and cancer. Figure 8.3.2.
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				Role of the iron element (Fe) in respiration

				 There are many functions of iron (Fe) in the human body. But the most important is respiratory function. Iron is the central part of the protein called hemoglobin. That protein is found in red blood cells. It delivers oxygen to all cells and organs in a body with the help of iron. Figure 8.3.3. The deficiency of iron can lead to anemia. 

			

		

		
			
				Some symptoms of anemia are feeling tired, weakness, shortness of breath, fainting. So, it is essential to prevent deficiency of iron in a body.

			

		

		
			
				
					Gases

				

				
					Atmospheric air (%)

				

				
					Exhaled air (%)

				

				
					Nitrogen (N2)

				

				
					78,0

				

				
					78,0

				

				
					Oxygen (О2)

				

				
					21,0

				

				
					16,0

				

				
					Argon (Ar)

				

				
					0,9

				

				
					0,9

				

				
					Carbon dioxide (CO2)

				

				
					0,04

				

				
					4,0

				

				
					Water (H2O)

				

				
					variable

				

				
					variable

				

			

		

		
			
				Work in groups. How can we prevent deficiency of iron in the human body? What are the products that contain iron?
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				Questions
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				CHAPTER 8
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				№11. Breath experiment with lime water

				Materials: lime water solution, beakers, pipette, pipette pump. 

				Procedure:

				Add 50 ml of lime water to two 100 ml beakers.

				Bubble room air through one beaker for one minute using a pipette and a pipette pump. Observe and record the results.

				Bubble your exhaled air through the solution for 1 minute. Try to bubble the air through the beaker at the same rate that you did with the first beaker. Record your results.

				 Observations:

				What is the color of lime water after bubbling? Note your observations.

				..............................................................................................................................

				 Conclusion and questions:

				Explain changes of bubbling through the lime water.

			

		

		
			
				Laboratory work

			

		

		
			[image: ]
		

		
			
				Safety: Wear disposable gloves. Wash your hands after use. Wear eye protection.
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				What are the three main functions of the nose?

				What is the main gas in the air we breathe?

				What happens when you inhale toxic gas?

				What percentage of oxygen do we inhale? What percentage of oxygen do we exhale?

				Calculate the volume of air in liters that you might inhale (& exhale) while you are sleeping for 8 hours. Assume that each breath has a volume of about 0.45 L and that you breathe ten times per minute.

				Name four things you can do to improve the quality of the air.

				According to Table 8.3.1 the percentage of carbon dioxide in inhaled air is lower than it is in exhaled air. How can you account for this relationship?

			

		

		
			
				to inhale - дем жұту / вдыхать;

				to exhale - дем шығару / выдыхать;

				respiratory - тыныс алатын / дыхательный;

				deficiency - жетіспеушілік / 

				недостаток;

				symptom - симптом / симптом;

				lime water - әк суы / известковая вода.
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					Terminology
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					Literacy
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				Some organisms do not need oxygen for respiration. For example, marine organisms called “loricifera.” They live at a depth of more than 3000 meters underwater. They produce energy with the help of a hydrogen element!
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					Facts
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				Chapter review exercises
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				1. Fill the table:

			

		

		
			
				2. Healthy foods

				• Color foods that are healthy.

				• Circle foods that you like.

				• Put an on x the foods that are not healthy.

			

		

		
			
				
					Nutrients

				

				
					List 4 foods containing the nutrient

				

				
					Proteins 

				

				
					Carbohydrates 

				

				
					Fats 

				

			

		

		
			
				
					Milk

				

				
					Yogurt

				

				
					Burger

				

				
					Fish 

				

				
					Apple

				

				
					Barbecue

				

				
					Ice-cream 

				

				
					Avocado

				

				
					Ketchup 

				

				
					Diet cola

				

				
					Popcorn 

				

				
					Orange 

				

				
					Hamburger 

				

				
					Tomato 

				

				
					Carrot 

				

				
					Coffee 

				

				
					Muffins 

				

				
					Lemon 

				

				
					Watermelon 

				

				
					Milkshake

				

				
					Biscuits 

				

				
					Banana 

				

				
					Cake 

				

				
					Pizza 

				

			

		

		
			
				How many food that you like are healthy, unhealthy?

			

		

	
		
			
				Chapter review exercises
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				3. Which of these elements are found in all carbohydrates? 

				A. Carbon C, hydrogen H, nitrogen N

				B. Carbon C, sulfur S, oxygen O

				C. Carbon C, hydrogen H, oxygen O

				D. Carbon C, nitrogen N, calcium Ca

				E. Carbon C, oxygen O, nitrogen N 

				4. Which of these foods are rich sources of proteins? 

			

		

		
			
				5. Where calcium Ca, and nitrogen N are found in our body? 

				_______________________________________________________________________________

				_______________________________________________________________________________

				6. Aidana weighs 50 kg. She has about 65% of oxygen O element in her body. Calculate the mass of oxygen element in Aidana.

			

		

		
			
				7. Fill in the blanck. 
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				CONTEXT-BASED QUESTIONS
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				1. The energy in calories associated with the metabolism of a gram of fats, carbohydrates, and proteins is given in the table.

				А. A slice of whole wheat bread (36 g) contains approximately 1.5 g of fat (with 0 g saturated fat), 17 g of carbohydrate (with about 1 g of sugar), and 3 g of protein.

				- Calculate the total сalorie content in a slice of this bread.

				- Calculate the percent of calories from fat.

				- Do you consider bread a highly nutritious food? Explain your reasoning.

				B. A slice of Snickers chocolate (100 g) contains approximately 28.2 g of fat (with 11.1 g saturated fat), 55 g of carbohydrate (with about 49.5 g of sugar), and 9 g of protein.

				a. Calculate the total calorie content in a slice of this chocolate.

				b. Calculate the percent of calories from fat.

				c. Do you consider chocolate a highly nutritious food? Explain your reasoning.

				2. The UK was the most popular country for veganism in 2019, according to Google Trends, followed by Australia and New Zealand.

				The number of individuals following a plant only diet has increased rapidly over the last 10 years.

				The line graph shows how the number of internet searches for 'plant-only diet' from individuals in the UK compares to the rest of the World. 

			

		

		
			
				
					Macronutrient

				

				
					Energy content (Cal/g)

				

				
					Energy content (kJ/g)

				

				
					Fats

				

				
					9

				

				
					37

				

				
					Carbohydrates

				

				
					4

				

				
					17

				

				
					Proteins

				

				
					4

				

				
					17
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				- Calculate the % change in the number of individuals from the UK searching for 'plant-only diet' on the internet from 2009 to 2019.

				- Why do people choose to be vegan? 

				- What are the health benefits of a vegan diet? 

			

		

		
			
				Source: trends.google.com
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				CONTEXT-BASED QUESTIONS
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				3. The percentage of protein and fat in 6 types of seed are shown in the table below.

			

		

		
			
				1. The graph can be used to estimate the daily energy requirements of women, depending on their mass and level of activity.	

				What is the estimated daily energy requirements of a woman of mass 55 kg who has a high level of activity? 

			

		

		
			
				
					Type of seed 

				

				
					Percentage of protein

				

				
					Percentage of fat

				

				
					buckwheat

				

				
					3.4 % 

				

				
					5.0 %

				

				
					soya bean

				

				
					16.0 %

				

				
					8.0 %

				

				
					lentil

				

				
					9.0 %

				

				
					0.6 %

				

				
					chickpea

				

				
					8.0 %

				

				
					2.5 %

				

				
					rice

				

				
					4.4 %

				

				
					0.4 %

				

				
					mung bean

				

				
					7.0 %

				

				
					0.4 %
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				- Construct a bar chart to show the % of protein and fat in the six types of seed. Use Microsoft Excel.- Meat is a good source of protein. Name the type of seed in the table that would be a good alternative to meat in the human diet.- Which type of seed gives more energy? And why? Calculate the total сalorie content in 100 g of each seed. 
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				Chemistry in life
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				1. Sunflower oil has one of the highest con-centrations of polyunsaturated fat (69%) among cooking oils.

			

		

		
			
				3. What happens if we don’t drink enough?

			

		

		
			
				2. Why doesn't honey spoil?
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				4. Scuba divers use oxygen-helium

				 balloons
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				S U M M A R Y
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				Nutrients in food:

				Protein

				Fats

				Carbohydrates

				Vitamins

				Mineral salts

				Water

				Proteins are long chains of amino acids ut together in a specific sequence to perform a particular function in the body. Proteins are the building blocks of life. Proteins are made of C, H, O and N and may S.

				Fat is an essential part of our diet and is important for good health. Fats are made of C, H and O.

				Carbohydrates are the main source of energy for the body. They are the sugars, starches, and dietary fiber that occur in plant foods and dairy products. Carbohydrates are made of C, H and O.

				Energy value of foods

				Qualitative reaction to proteins:

				Proteins can be detected through the use of the Biuret test. Specifically, peptide bonds (CO-NH bonds) in proteins complex with Cu2+ in Biuret reagent and produce a violet color.

				Qualitative reaction to carbohydrates:

				Benedict's reagent is used to detect reducing sugars. 

				Chemical elements in the human body

				Breathing is a set of processes that ensure the consumption of oxygen by the body and the release of carbon dioxide.

				When breathing, complex organic substances belonging to the body are oxidized to carbon dioxide and water with the release of energy that ensures the vital activity of the body.

				Determination of carbon dioxide

				We breathe in oxygen and some of this carbon dioxide. When we exhale, we breathe out less oxygen but more carbon dioxide than we inhale.
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					Food type

				

				
					Energy values

				

				
					kJ/g

				

				
					kcal/g

				

				
					Protein

				

				
					16,74

				

				
					4

				

				
					Fat

				

				
					37,66

				

				
					9

				

				
					Carbohydrate

				

				
					16,74

				

				
					4

				

			

		

	
		
			
				Summative assessment

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				1. What is the elemental composition of main nutrients such as carbohydrates, fats, and proteins?

				2. Why is the mass percentage of oxygen the highest in the human body?

				3. Avocado contains mostly ………………..… nutrient.

				4. Much of our bodies' dry weight is …………………. nutrient.

				5. Which nutrient is the main energy source in our body?

				6. What is the main function of hemoglobin?

				7. Why do we need to breathe?

				8. Why do we need oxygen for respiration?

				9. Human inhales ………….. and exhales ………………..

				10. Deficiency of iron in the blood can lead to ………………..

				11. Dairy products are the main source for ………………… element.

				12. Carbohydrates are also known as ………………...

				13. 

				a) Look at the wrapper of any chocolate and compare its composition and calorific value for 100 g of product with cucumber. 

				b) Which of the main nutrients are in large amounts in chocolate and cucumber?

				c) It is known that human needs for about 1000 mg of calcium per day. Calculate how many cucumbers with the mass of 150 g you need to eat in one day if you do not have another food.

				d) Is it enough amount of cucumbers that you need to eat in a previous question for the iron source? A daily dose of iron is about 12 mg. 

				Nutrients and calorific value of cucumber fruit
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				14. Calculate how many grams of chocolate you need to eat as energy source if you do not have any other food. A human needs about 2500 kcal for one day (kilocalories).

				15. Calculate how many milliliters of milk with two percent fat you need to drink is energy source if you do not have any other food.
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				science history

			

		

		
			
				In 1811, the Russian scientist K. Kirchhoff isolated "grape sugar" (glucose) in its pure form by hydrolysis of starch.

			

		

		
			
				The French chemist Michel Eugene Chevreul was one of the first to study the structure of vegetable and animal fats, explaining their reactions with alkalis. Discovered creatine and plant pigments, isolated some fatty acids.

			

		

		
			
				Nitrous oxide prepared by Priestley, who also showed it supported combustion

				Nitrous oxide is used mainly as a drug for inhalation anesthesia in medicine. 

			

		

		
			
				In 1820, the French chemist Henri Braconnot treated the protein gelatin in the same method and obtained the simple compound glycine. 
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				chapter
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				Chemistry 

				of geological compounds

			

		

		
			
				9
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				9.1 Ores. Composition of ores

				9.2 Mineral resources of 

				Kazakhstan. Ecological 

				aspects

				Chapter review exercises

				Context-based questions

				Chemistry in life

				Summary

				Summative assessment

			

		

		
			
				INTRODUCTION

			

		

		
			
				PRIOR KNOWLEDGE

			

		

		
			
				 Many technical tools are used in human life. Met-als and non-metals are used in the manufacture of all technical items. But metals and non-metals do not oc-cur in nature in the free state. They are extracted from the Earth's crust using special machines. The elements are found in the Earth's crust in the form of minerals and rocks. Metallurgists carry out long chemical and physical processes, from mineral stone to pure metal. Our Kazakhstan produces many types of minerals and combustible fuels.

				 In this chapter, we will learn about the minerals in the Earth's crust.

			

		

		
			
				- Atoms and molecules;

				- Metals and nonmetals;

				- Living organisms;

				- Ecological problems in Kazakhstan;

				- Mixtures. Types of mixtures;

				- Chemical and physical processes;

				- Structure of the Earth. Composition of the Earth;

				- Mineral resources in Kazakhstan.
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				Ores. Composition of ores

			

		

		
			
				9.1
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				- understand that the Earth’s crust contains many useful chemical compounds;

				- understand that some minerals and natural compounds are types of ore;

				- be able to describe the process of ore treatment.
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					You will:
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				There was a stone age, was a Bronze age, and an Iron age...

				However, why there was not an Aluminium age?
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				The term “geology” comes from the Greek language: “geo” means “Earth”, and “logos” means “the study.” So, we can define that geology as the study of the Earth. 

				Useful chemical compounds on the Earth’s crust

				 In daily life, we meet so many simple chemical things which make our life much easier and more comfortable. Because of their simplicity, we don’t give them sufficient value. Earth’s crust has many mineral resources like sand, clay, metal, limestone, granite, marble, oil. We divide mineral resources into three groups: fossil fuels, ore and nonmetal minerals. Kazakhstan is rich in minerals. Figure 9.1.1.

			

		

		
			
				 Most of the metals are produced from the ores on Earth’s crust. Such as Aluminium Al, iron Fe, zinc Zn, copper Cu and others. Most metals occur in the Earth's crust only in the combined form, as compounds with other chemical elements. Scheme 9.1.1.

				Minerals are naturally occurring solid substances characterized by a definite chemical composition, crystalline structure, chemical and physical properties. They are components of the Earth's crust. The only metals found in the Earth’s crust exclusively in the free state are platinum and gold. These metals are chemically inert.

				 A rock rich in minerals, from which can be obtained a useful metal in the free state, is called an ore. Figure 9.1.2.
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				Scheme 9.1.1. Chemical composition of the Earth's crust 

			

		

		
			
				Figure 9.1.1. Main types of natural resources 

			

		

		
			
				Nonmetal mineral 

			

		

		
			
				Ore mineral 

			

		

		
			
				Fossil fuel (coal) 
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					Key terms
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				Mineral resources are divided into three types: fossil fuels, ore minerals, and nonmetal minerals. 
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				CHAPTER 9

			

		

		
			
				Scheme 9.1.2. Preparation of the ore 

			

		

		
			
				Figure 9.1.2. Mining of iron ore in Sokolov-Sarybai deposit (Kostanay region) 

			

		

		
			
				Treatment of the ore

				Preparation of the ores is a very difficult and complex process. Shortly we can describe this process by the scheme shown below.
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					Terminology

				

			

		

		
			
				Activity

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				Describe the treatment process of ores by dividing them into roles. Each step of treatment - one person.

			

		

		
			
				ore - кен / руда;

				rock - құз, жартас / скала;

				Earth’s crust - Жер қыртысы / Земная кора;

				treatment - өңдеу / обработка;

				grinding - ұнтақтау / измельчение;

				pulverization - бүрку / распыление.
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					Facts
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				What is fool’s gold?

				Pyrite (FeS2) is a mineral popularly known as “fool’s gold.” Because of its metallic luster and pale brass-yellow color, it is often mistaken for gold (Au). Real gold is much heavier, softer, not brittle, and not grooved.

			

		

		
			
				Pyrite (FeS2) is the mineral of iron (Fe) metal
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					Literacy

				

			

		

		
			
				What are the ten most common elements in the Earth's crust?

				What are examples of fossil fuels? Why is fossil fuel still the major source of energy?

				What are minerals? Give examples. What are the most popular minerals in Kazakhstan? What can natural resources be found in your region?

				What is ore, and why is it important? Why are ores crushed before processing?

				How is iron ore important for us?
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					Key terms
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				Alloying - the addition of molten alloying elements (Cr, Ni, Mo, W, V, Nb, Ti) to the metal alloys.
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				Mineral resources of Kazakhstan. Ecological aspects

			

		

		
			
				9.2
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				- know the mineral and natural resources of Kazakhstan and their deposits;

				- learn how the production of natural resources affects the environment.
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					You will:
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				What is the difference between gold and iron?

			

		

		
			[image: ]
		

		
			[image: ]
		

		
			
				General information about mineral resources

				Any natural substance in the Earth’s crust and has definite chemical composition can be defined as a mineral resource. 

				Natural resources are available in different parts of Kazakhstan. It has huge deposits of natural gas, coal, uranium, copper, iron, phosphates, silver, gold, mercury, zinc, lead, bauxite, molybdenum, nickel, petroleum, potash, and many more. 

				 Kazakhstan is one of the richest countries by its mineral and natural resources. Figure 9.2.1.  Almost all of the elements are present in Kazakhstan. The map below shows some important resources in the different regions of our country. Kazakhstan has vast oil reserves towards and into the Caspian Sea. Scheme 9.2.1.

			

		

		
			
				According to some estimates, Kazakhstan has the second-largest ura-nium, chromium, lead, and zinc reserves, the third-largest manganese reserves, the fifth largest copper reserves, and ranks in the top ten for coal, iron, and gold. Kazakhstan also currently has the 11th largest proven reserves of both oil and natural gas.

			

		

		
			
				Scheme 9.2.1. Mineral resources map of Kazakhstan 
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				Figure 9.2.1. Some common minerals 

			

		

		
			
				Hematite (Fe) mineral

			

		

		
			
				Cuprite (Cu) mineral

			

		

		
			
				Bauxite (Al) mineral
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					Literacy

				

			

		

		
			
				CHAPTER 9

			

		

		
			
				Environmental aspects of mineral extraction

				As we said in the previous lesson, preparation of the ores is a very difficult process. Any industrial production requires many sourc-es like water, electric energy, etc. It also exhausts air, water, and soil pollutants if there is not enough utilization of wastes conditions.  The release of human-made chemical substances not normally found in nature and excessively large quantities of other substances have led to the pollution and contamination of the natural environment. Many sub-stances produced by humans are released into the atmosphere. These include harmful gases and tiny particles of liquid and solid matter.

			

		

		
			
				Discuss the picture below 
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				Activity

			

		

		
			
				Activity
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				Where is bauxite (Al mineral) found in our country? Where is most Aluminium produced? Use natural resources map of Kazakhstan.

				Find molecular masses of the following minerals:

				- satpaevite Al12V8O37•30H2O

				- dzhezkazganite ReMoCu2PbS6

				- chromite FeCr2O4

				Find Kazakhstan cities named after minerals and metals. Use a political map of Kazakhstan.

				What are the ten most polluted cities in Kazakhstan?

			

		

		
			
				Kanysh Imantayevich Satpayev (1899-1964) is a world-famous scientist. His contribution to the development of geology as science is especially appreciated. Kanysh Satpayev participated in the development and implementation of ambitious projects in Kazakhstan.
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				Divide into three groups.

				Each group choose only one topic: 1. Air pollution; 2. Water pollution; 3. Soil pollution. Think about the causes and the prevention of chosen pollutions. Share your opinions with other groups one by one speaker.

			

		

		
			
				pollution - ластау / загрязнять;

				mineral resources - пайдалы қазбалар / полезные ископаемые;

				industry - өндіріс / промышленность;

				to exhaust - бөліп шығару / выделять;

				to cause - себеп болу / вызывать.
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					Terminology
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				Chapter review exercises
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				1. Copper is an important metal. Its uses for making electric wires. 

				- Name an alloy which contains copper. What is the other metal in this alloy?

				name of alloy ...............................................................................................................................................................

				other metal in alloy .....................................................................................................................................................

				The main ore of copper is chalcopyrite, CuFeS2.

				- Find molecular mass of CuFeS2.

				........................................................................................................................................................................................

				........................................................................................................................................................................................

				........................................................................................................................................................................................

				- Find the molecular masses of other copper ores: 

			

		

		
			
				2. A small cube of copper measures 12 mm on a side and weighs 11.483 g. What is the density of copper in g/cm3?

			

		

		
			
				
					Ores

				

				
					Chemical formula

				

				
					Molecular mass

				

				
					Chalcocite

				

				
					Cu2S

				

				
					Cuprite

				

				
					Cu2O

				

				
					Malachite

				

				
					Cu2CO3(OH)2

				

				
					Azurite

				

				
					Cu3(CO3OH)2
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				Chapter review exercises
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				6. Write their name: 

			

		

		
			
				Use the information in the table for questions 3-5.

				3. A cube of metal weighs 2.54 kg and displaces 242 mL of water when immersed. Calculate the density of the metal. 

				4. A sample of metal weighs 0.56 kg and displaces 29 mL of water when immersed. Determine the unknown metal.

				5. Calculate the volume of 60 g of each of the following metals:

				a. Fe b. Hg c. Au d. Zn 

			

		

		
			
				Aluminium Bauxite Copper Table salt Limestone Diamond Gold Sulfur
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					Densities of various common metals at 20oC

				

				
					Substance

				

				
					Physical state

				

				
					Density (g/cm3)

				

				
					Copper

				

				
					solid

				

				
					8.96

				

				
					Zinc

				

				
					solid

				

				
					7.133

				

				
					Gold

				

				
					solid

				

				
					19.3

				

				
					Iron

				

				
					solid

				

				
					7,874

				

				
					Mercury

				

				
					liquid

				

				
					13.6

				

			

		

	
		
			
				CONTEXT-BASED QUESTIONS
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				1. The bar graph below shows uranium mine production in Kazakhstan between 2009 and 2019 

				(www.statista.com/2021) 

				The following questions are based on these graphs. Study the graph and answer the questions that follow.

			

		

		
			
				2. The line graph below shows Fossil-Fuel CO2 Emissions in Kazakhstan 2008 and 2019. 

				(www.knoema.ru/2021) 

				The following questions are based on these graphs. Study the graph and answer the questions that follow.

			

		

		
			
				a. What is the percentage increase from 2008 to 2012?

				b. In which year is the percentage increase the highest from its previous year?

			

		

		
			
				a. What is the difference between the production of uranium ore in 2010 and 2016?

				b. What is the percentage increase in the production of uranium ore from 2009 to 2016?

				c. The average production of uranium ore for 11 years was?

				d. In which year the percentage of production of uranium ore was the maximum?

				e. In which year the percentage of production of uranium ore was the minimum?

			

		

		
			
				
					Years

				

				
					Million tonnes of CO2

				

				
					2008

				

				
					189

				

				
					2009

				

				
					171

				

				
					2010

				

				
					184

				

				
					2011

				

				
					202

				

				
					2012

				

				
					210

				

				
					2013

				

				
					211

				

				
					2014

				

				
					212

				

				
					2015

				

				
					208

				

				
					2016

				

				
					208

				

				
					2017

				

				
					209

				

				
					2018

				

				
					244

				

				
					2019

				

				
					240
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				CONTEXT-BASED QUESTIONS
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				3. The pie chart below shows the distribution of gold reserves worldwide in 2018 by country 

				(www.statista.com/2021) 

				The following questions are based on this chart. Study the chart and answer the questions that follow.

			

		

		
			
				4. The table gives details of the most abundant compounds in rocks on Mars's surface. (mars.nasa.gov / A-5, Soil)

			

		

		
			
				a. Present this information as a pie chart. Use Microsoft Excel to complete this task.b. Which compound is most abundant on Mars's surface?c. Why is Mars red? 

			

		

		
			
				a. If the total amount of gold reserve was 34,700 tonnes, how much gold in the USA territory?b. If the total amount of gold reserve was 34,700 tonnes, how much gold in Peru's territory?c. Which country has the most gold in the world?d. What should be the central angle of the sector representing the gold reserve in Australia (18.11%)? 
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					Compounds

				

				
					Percentage of Mars's crust

				

				
					silicon oxide

				

				
					43.8 %

				

				
					iron (III) oxide / manganese (II) oxide

				

				
					29.2 %

				

				
					Aluminium oxide

				

				
					10.1 %

				

				
					magnesium oxide

				

				
					8.6 %

				

				
					calcium oxide

				

				
					5.3 %

				

				
					other oxides

				

				
					3 % 
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				Chemistry in life
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				1. Aluminium is used in different applications for packaging. Why?

			

		

		
			
				4. 1 g of silver can be drawn into a 2-km long wire.

			

		

		
			
				5. 5500-5000 BCE - Copper smelting begins in the Balkans and West Asia.

			

		

		
			
				3. Major oil spills are bad for the environment because they damage wildlife, marine ecosystems.

			

		

		
			
				2. Pure copper is mainly used as wires in electrical equipment.
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				S U M M A R Y
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				Geology is the study of the Earth, the materials of which it is made, the structure of those materials, and the processes acting upon them.

				Mineral resources are the quantity of natural concentrations of solid, liquid, and gaseous material in or on the Earth's crust.

				Types of mineral resources:

				fuels (combustible)

				metals (ores)

				non-metallic (non-metallic) minerals

				Mineral industry of Kazakhstan

				In Kazakhstan, 30% of the world's reserves of chrome ore are concentrated, 25% of manganese ores, 10% of iron ores.

				Kazakhstan occupies:

				1st place in the world in proven reserves of zinc Zn, tungsten W and barite

				2nd - silver Ag, lead Pb, chromites and uranium U

				3rd - copper Cu

				4th - molybdenum Mo

				5th - cobalt Co

				6th - gold Au and coal.
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				The chemical composition of the Earth's crust

			

		

		
			
				Preparation of metals from ores

			

		

		
			
				
					Industry

				

				
					Environmental damage

				

				
					Coal

				

				
					Toxic gases, toxic compounds

				

				
					Oil (petroleum)

				

				
					Forms toxic emulsions that cause suffocation in living organisms.

				

				
					Gold

				

				
					Highly toxic cyanide

				

				
					Copper

				

				
					Emission into the atmosphere of sulfur dioxide and particles of heavy elements (Ni, Cu, Co, As). Emission of waste with a high content of Fe, Mn, Cd, Cu, Pb, Al, sulfides in wastewater.

				

				
					Iron

				

				
					Harmful gases are released, when released into the atmosphere, cause the greenhouse effect and acidic rain. 

				

				
					Aluminium

				

				
					Emission of harmful gases and solid waste.
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				Summative assessment
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				1. 3.6 tons of bauxite (Aluminium mineral) is needed to produce 2 ton of Aluminium metal. What is the percent of Aluminium in the bauxite?

				2. 214 kg of pyrite (an iron mineral) is needed to produce 100 kg of iron metal. What is the percent of iron in the pyrite?

				3. Where iron minerals are found in Kazakhstan?

				4. Aluminium is found in the form of compounds in the Earth’s crust and rocks. Why is Aluminium not found in elemental form?

				5. How are rocks used, and why are they important to people?

				6. Match regions with their appropriate natural resources.

				7.  Which metals can be found naturally? 

				8. Densities of some metals: d(Cu)=8.96 g/cm3, d(Zn)=7.13 g/cm3, d(Al)=2.7 g/cm3, d(Mg)=1.74 g/cm3. 

				a) A student immersed a 21.39 g of unknown metal sample in a graduated cylinder containing 24 cm3 of water. She noted the water level rise to 27 cm3. From these data, find the unknown metal. 

				b) A student immersed a 13.5 g of unknown metal sample in a graduated cylinder containing 20 cm3 of water. He noted the water level rise to 25 cm3. From these data, find the unknown metal. 

				9. What is water pollution? What causes of water pollution?

				10. Which regions are the main sources of coal, petroleum and natural gas? 

				11. Match each set of clues to a word in the box. Write the answer on the line. 

				natural resources, ore, nonrenewable resource, renewable resource, energy resource, fossil fuels.  

				a) Nature can replace these materials. It does not take long for them to be replaced. What are they? …………………………………

				b) This is used to produce energy. Some examples of this are oil, wind, and water. What is it? …………………………..

				c) This is a rock that contains metal and minerals. It is used to make wires or pipes. What is it? …………………………………

				d) These materials come from Earth. Wood and metal ore two examples of these. What are they? …………………………………

				e) This comes from the remains of plants and animals. It is burned to make heat, run engines and make electricity. What is it? …………………………………

				f) These materials are in limited supply. They cannot be replaced for thousands or millions of years. What are they? …………………………………  

				
					
						
							1. Karaganda

						

						
							a. iron

						

						
							2. Kostanay

						

						
							b. chromium

						

						
							3. Aktobe

						

						
							c. oil and gas

						

						
							4. Aktau

						

						
							d. copper

						

						
							5. Balkhash

						

						
							e. phosphorus

						

						
							6. Taraz

						

						
							  7. Oskf. coal

						

						
							7. Oskemen

						

						
							g. uranium

						

						
							8. Kyzylorda

						

						
							h. poly-metal
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				Summative assessment answers
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				Chapter 1

				5) c     

				6) d    

				7) c    

				8) 1-e; 2-c; 3-a; 4-f; 5-b; 6-d    

				10) a    

				11) d    

				12) b    

				13) T, T, F, T 

				Chapter 2

				3) a    

				6) a) physical, chemical, physical    

				7) chemical, physical, physical, chemical, chemical    

				8) a    

				9) c     

				10) c     

				11) c

				Chapter 3

				4) 1-m, 2-n, 3-n, 4-m, 5-n, 6-m, 7-m, 8-n

				Chapter 4

				2) nitrogen, oxygen    

				5) “Greenhouse effect”    

				7) oxygen, combustible material, flame    

				8) flammable    

				10) wax, petrol (diesel), gas, wood, coal, charcoal

				Chapter 5

				1) acids: vinegar, tomato juice, lemonade

				2) 2.0<3.0<6.6<7.0<7.4<9.0<10.0<12.0

				Quizzes: 

				   basic: 1-a, 2-c, 3-a, 4-d, 5-d

				   advanced: 1-b, 2-b, 3-b, 4-c, 5-d  

				Chapter 6

				1) 56    

				2) 81.2; 119; 7; 80    

				4) F, Br, I    

				5) He, Ne, Kr, Xe, Rn

				6) group 15, period II    

				Chapter 7

				1) a, c     

				2) 39.5    

				4) CH2O (C2H4O2)    

				5) ZnCl2, CuO, PbI4     

				6) a) Fe-3, Cu-1, Si-4     

				    b) Ca-2, C-4, K-1     

				8) NaHCO3     

				9) a-160, b-72, c-208, d-188     

				12) a-F, b-T, c-T 

				Chapter 8

				1) C, H, O     

				3) vitamins, fat, fatty acids    

				4) fat     

				5) carbohydrates

				6) oxygen transportation   

				9) inhales O2, exhales CO2    

				10) anemia

				11) Ca, P    

				12) sugar    

				13) c-62, d-43

				Chapter 9

				1) 55.6%    

				2) 46.7%    

				6) 1-f, 2-a, 3-b, 4-c, 5-d, 6-e, 7-h, 8-g

				7) Ag, Cu, Au, Pt     

				8) a-Zn, b-Al    

				11) a-renewable resource, 

				      b-fossil fuels, 

				      c-ore, 

				      d-natural resources, 

				      e-energy resource, 

				      f-nonrenewable resource   
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				Literacy answers
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				1.1

				1. Chemistry is the science of matter and the changes it can undergo.

				2. Chemistry is unlike any other natural sciences because of one crucial difference; only chemistry is interrelated. In other words, chemistry is related to all substances and objects.

				3. For example, a pencil - graphite and wood, a bottle - glass and metal.

				1.2

				1. 1-true, 2-true, 3-false, 4-true.

				1.3

				1. a-dissolving, evaporation, filtration

				b-separation with magnet, filtration

				c-filtration, evaporation.

				2.1

				1. a-physical, b-physical, c-chemical, d-chemical, e-chemical, f-physical.

				2. a-boiling-physical, souring-chemical. 

				b-Boiling: changes physical state (from liquid to gaseous)

				Souring: gas, smell, taste production, changes physical state.

				         

				2.2

				2. Liquids: blood, breast milk, sweat, saliva, urine, plasma, lymph, etc.

				Solids: bones, hair, teeth, etc.

				Gases: carbon dioxide, oxygen, hydrogen sulfide, methane, ammonia, etc. 

				3. All changes of state involve the transfer of energy.

				2.3

				1. Freezing keeps food safe by slowing the movement of molecules, causing microbes to enter a dormant stage.

				3. Rain: snow falls through the warm air and melts.

				Snow: never falls through the warm air, remains frozen.

				4. Hibernation (sleeping) is a means of energy conservation.

				  

				3.1

				1. Atom - a microscopically tiny basic particle of matter. 

				Element - kind of atom. Molecule - two or more atoms bonded together.

				2. Everything in the universe is made of atoms.

				3. Instrumental methods (X-Ray crystallography, mass spectrometer, etc.) are used. 

				4. Since the 1980s, scanning-tunnelling microscopes STM have been used to image individual atoms.

				3.2

				1. 118 elements.

				2. H, Na, Cr, P, Br, Ar, Pb, U.

				3. O, C, H, N, P, S, Mg, Na, K, Ca, Mn, V, Ni, Fe, Co, Cu, Zn, Mo, Se, Si, Cl, F, I, As, Sn, etc.

				4. Elements: O, Pb, Ag, Au, graphite.

				Compounds: sand, hydrogen peroxide, ozone, nitrogen gas, baking soda, table salt, glucose, sugar, antifreeze. 

				5. Physical properties of copper:

				malleable, ductile, good conductor of electricity and heat, reddish color, melting point is 1083oC.

				3.3

				1. The smallest particle of an element that can exist is called an atom. 

				2. Protons: positively charged, in the atomic nucleus, does not move, weigh 1.672∙10-27 kg.   

				Neutrons: neutral charged, in the atomic nucleus, weigh slightly higher than protons.

				4. Atoms with the same atomic number but with different mass numbers are called isotopes of the element.    

				5. Proton - positive, neutron - neutral, electron - negative.

				4.1

				1. 1-c, 2-a, 3-b

				2. 0.5∙14=7 liter

				3. Volume of room = 6.5 m∙4 m∙3.5 m = 91 m3.

				ω(oxygen) = 21%, ω(nitrogen) = 78%

				V(oxygen) = 91 m3 ∙21%/100% = 19.11 L

				V(nitrogen) = 91 m3 ∙78%/100% = 70.98 L

				4.2

				1. Combustion is a reaction in which an element or compound burns in oxygen.

				2. Most combustible fuels: hydrogen, butane, methane, ethylene, etc.

				3. No.

				4. Coal, charcoal, natural gas, wood, kerosene, etc.

				5. Gasoline, kerosine, kerosene-gasoline mixture.

				6. Combustible substances: wood, paper, hydrogen gas, natural gas, oil, plastics, etc.

				Non-combustible substances: cement, glass, noble gases, nitrogen gas, passive metals, etc.

				5.1

				1. Basic solutions: ammonia, soda solutions.

				2. Acidic fruits: grapefruit, pineapple, lemon, lime, pomegranate, strawberry, orange, tomato, kiwi, cherry, etc.
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				5.4

				1. Acid rain directly affects limestone rocks that occur in soil, below ground and on buildings.

				2. Acid + Metal = Salt + Hydrogen

				Acid + Limestone = Salt + Carbon dioxide + Water

				6.1

				1. 771∙2=717+X,  X≈825oC. 

				Calcium metal melts at 842°C.

				(1.54+3.60)/2 = Y,  Y≈2.57 g/cm3. 

				The density of strontium is 2.64 g/cm3.

				2. Law of octaves: When the elements are arranged in increasing order of their atomic masses, the properties of the eighth element are similar to that of the first.

				3. Cl, I, F, At.

				4. Li, K, Rb, Cs, Fr.

				6.2

				1. 7 periods

				2. Periods are the horizontal rows, groups are the vertical columns.

				3. 18 groups

				4. Hg: group 12, period 6.

				5. Group 3 elements: Sc, Y, La, Ac.

				6. Period 2 elements: Li, Be, B, C, N, O, F, Ne.  

				7.1

				1. Ar(X) = [20∙50% + 21∙25% + 19∙25%]/100% = 20.000

				2. Ar(Mg) = 24∙78.7% + 25∙10.13% + 23∙11.17% = 23.9896

				3. Ar(Na)=22.990;  Ar(O)=15.999;  Ar(Cl)=35.45;  

				Ar(P)=30.974;  Ar(Ag)=107.87

				 

				7.2

				1. H2S, FeCl3, PbO2, BaI2.        

				7.3

				1. Ar(Li)≈7, Ar(Na)≈23, Ar(P)≈31, Ar(Cl)≈35.5, Ar(Fe)≈56, Ar(Ga)≈70, Ar(Ti)≈48.

				2. a. Mr(SO2)=64,  Mr(CH4)=16,

				Mr(KH)=40, Mr(FeS2)=120, Mr(PCl3)=137.5.

				b. Mr(H2SO4)=98, Mr(H2CO3)=62, Mr(Fe(OH)3)=107, Mr(HBrO2)=113.

				c. Mr(Al2(SO4)3)=342, Mr(Fe3(PO4)2)=358, 

				Mr(Ca(HPO4)2)=232.

				d. Mr(C2H5OH)=46, Mr(CH3COOH)=60, Mr(C12H22O11)=342

				    

				8.1

				1. Carbohydrate is a compound of general formula Cm(H2O)n, although small deviations from this general formula are often encountered. Carbohydrates include celluloses, starches, and sugars.

				2. Starch is long chains of sugar molecules linked together. The main sources of starch are cereal 

				crops, rice, maize, wheat, root crop, potatoes.

				3. Meat, milk, fish, eggs, tofu, cheese, beans, nuts, etc.

				4. Weight loss, emotional balance, immunity, improved health, provide energy, etc.

				5. Glucose.   

				8.2

				1. Ca - building strong teeth and bones, clotting blood, keeping a normal heartbeat, etc.

				P - structural support to the body, an essential part of phospholipids, nucleic acids and ATP, has activity in enzyme system, etc.

				K - builds muscle, blood pressure, transmission in nerve impulse, acid-base balance, etc.

				2. Fe - muscle activity, immune system, formulation of haemoglobin, regulation of body temperature.

				3. 22-39% water, 4.5-23.5% fat, 31-51% protein, 2,8-13% salt.

				8.3

				1. Sense of smell (olfaction); Breathing; Vocal resonance (phonation).

				2. oxygen.

				3. www.pubmed.ncbi.nlm.nih.gov / Toxic gas inhalation

				4. Inhale: 21% oxygen, 0.04% carbon dioxide; 

				Exhale: 16% oxygen, 4% carbon dioxide; 

				5. 2160 L

				6. Opening windows and doors, installing mechanical ventilation, filter the air and purify the air.

				9.1

				1. O, Si, Al, Fe, Ca, Na, Mg, K, Ti, H.

				2. Oil, coal, natural gas, etc.

				3. Minerals are naturally occurring inorganic solids. 

				Chromite, bauxite, phosphates, etc.

				4. Ore is a deposit in Earth's crust of one or more valuable minerals. Crushing is the process of reducing the size of materials so that they can be further processed.

				5. About 98% of iron ore is used to make steel

				9.2

				1. Arqalyq region. Pavlodar.

				2. Mr(satpaevite)=1864

				Mr(dzhezkazganite)=809

				Mr(chromite)=224

				3. Chromtau, Nickeltau, Temirtau, Kentau, Zhezkazgan, Ekibastuz, Rudniy, Shakhtinck, Serebryansk, etc. 

				4. www.iqair.com / Atyrau, Karagandy, Qostanay, Shymkent, Oskemen, Temirtau, Esik, Burunday, Nur-Sultan. 
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				A

				acid – any of a class of chemical compounds whose aqueous solutions turn blue litmus paper red, react with and dissolve certain metals to form salts and react with bases to form salts.

				acid rain – precipitation with a pH of less than about 5.0, which is the value produced when naturally occurring carbon dioxide, sulphate, and nitrogen oxides dissolve into cloud droplets.

				air pollution – contamination of air by smoke and harmful gases, mainly oxides of carbon, sulfur, and nitrogen.

				anesthetic – a substance that produces anesthesia, as halothane, procaine, or ether.

				atmosphere – the gaseous envelope surrounding the earth; the air.

				atom - the individual structure which constitutes the basic unit of any chemical element.

				B 

				base – a compound that reacts with a protonic acid to give water (and a salt).

				binary compound – a substance formed by chemical union of two or more elements or ingredients in definite proportion by weight.

				boiling - the transition of a substance from the liquid to the gaseous phase.

				breathing – the act of a person or other animal that breathes; respiration.

				burning – to undergo rapid combustion or consume fuel in such a way as to give off heat, gases, and, usually, light; be on fire.

				C

				carbon dioxide – a colorless, odorless, incombustible gas, CO2, present in the atmosphere.

				carbonate – a salt or ester of carbonic acid.

				chemical element – one of a class of substances that cannot be separated into simpler substances by chemical means.

				chemical equipment – a specific piece of machinery, 

				apparatus, process module, or device used to execute an operation.

				chemicals – a substances produced by or used in a chemical process.

				chemistry – the science that deals with the composition and properties of substances and various elementary forms of matter.

				citric acid – a white, crystalline, water soluble powder. 

				combustion – the burning of gas, liquid, or solid, in which the fuel is oxidized, evolving heat and often light.

				component – a constituent part; element; ingredient. 

				compound – a substance whose molecules consist of unlike atoms and whose constituents cannot be separated by physical means.

				conductor – a substance, body, or device that readily conducts heat, electricity, sound, etc. 

				D

				density – mass per unit volume.

				distillation – the purification or concentration of a substance, the obtaining of the essence or volatile properties contained in it, or the separation of one substance from another, by such a process.

				distilled water – water that has been freed of dissolved or suspended solids and organisms by distillation.

				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.

				E

				ecology – the branch of biology dealing with the relations and interactions between organisms and their environment, including other organisms.

				electron – a negatively charged subatomic particle of an atom or ion that is outside of the nucleus.

				element – a substance made up of atoms with the same atomic number; common examples are hydrogen, gold, and iron.
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				environment – the air, water, minerals, organisms, and all other external factors surrounding and affecting a given organism at any time.

				evaporation – to change from a liquid or solid state into vapor; pass off in vapor.

				experiment – a test, trial, or tentative procedure; an act or operation for the purpose of discovering something unknown or of testing a principle, supposition, etc.

				explosives – an explosive agents or substances, as dynamite.

				F

				fat – animal tissue containing much of this substance; loose flesh; flabbiness.

				fertilizer – a natural or chemical substance that is spread on the land or given to plants

				filtration – to remove by the action of a filter.

				freezing – extremely or uncomfortably cold; chilled.

				fuel – combustible matter used to maintain fire, as coal, wood, oil, or gas, in order to create heat or power.

				I

				indicator – a substance, as litmus, that indicates the presence or concentration of a certain constituent.

				isotope – different forms of a single element that have the same number of protons but have different numbers of neutrons

				K

				King water – a mixture of concentrated nitric acid and concentrated hydrochloric acid in the ratio 1:3 respectively.

				L

				limestone – a sedimentary rock consisting predominantly of calcium carbonate.

				lime water – an aqueous solution of slaked lime, used in medicine, antacids, and lotions, and to absorb carbon dioxide from the air.

				litmus – a blue coloring matter obtained from certain 

				lichens, especially Roccella tinctoria. In alkaline solution litmus turns blue, in acid solution, red: widely used as a chemical indicator.

				M

				matter – the substance or substances of which any physical object consists or is composed.

				melting – to become liquefied by warmth or heat, as ice, snow, butter, or metal.

				metal – such a substance in its pure state, as distinguished from alloys.

				mineral – any of a class of substances occurring in nature, usually comprising inorganic substances, as quartz or feldspar, of definite chemical composition and usually of definite crystal structure.

				mixture – an aggregate of two or more substances that are not chemically united and that exist in no fixed proportion to each other.

				molecule – a quantity of a substance, the weight of which, measured in any chosen unit.

				N

				neutralization – the process of making a solution neutral by adding a base to an acid solution.

				neutron – an atomic particle found in the nuclei of atoms that is similar to a proton in mass but has no electric charge.

				noble gas – all the elements of the periodic Group 18.

				nonmetal – an element not having the character of a metal, as carbon or nitrogen.

				nucleic acid – any of a group of long, linear macromolecules, either DNA or various types of RNA

				nucleus – the positively charged mass within an atom, composed of neutrons and protons.

				nutrient – any substance that plants or animals need in order to live and grow.

				O

				ores (deposits) – rock or soil from which metal can be obtained
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				oxygen – a colorless, odorless, gaseous element constituting about one-fifth of the volume of the atmosphere. 

				P

				particle – one of the extremely small constituents of matter, as an atom or nucleus.

				periodic table – a table illustrating the periodic system, in which the chemical elements, formerly arranged in the order of their atomic weights and now according to their atomic numbers, are shown in related groups.

				period – a name given to a horizontal row of the periodic table.

				pH scale – the symbol for the logarithm of the reciprocal of hydrogen ion concentration in gram atoms per liter.

				physical state – states of matter. 

				plasma – a highly ionized gas containing an approximately equal number of positive ions and electrons.

				precipitate – a substance precipitated from a solution.

				protein – any of numerous, highly varied organic molecules constituting a large portion of the mass of every life form. 

				proton – a positively charged elementary particle.

				R

				radioactive – pertaining to, exhibiting, or caused by radioactivity.

				reaction – the reciprocal action of chemical agents upon each other; chemical change.

				relative atomic mass – the ratio of the average mass per atom of the naturally occurring form of an element to one-twelfth the mass of an atom of carbon-12 Ar , r.a.m.  

				relative molecular mass – the sum of all the relative atomic masses of the atoms in a molecule.

				S

				science – a branch of knowledge or study dealing with a body of facts or truths systematically arranged and showing the operation of general laws.

				separation – an act or instance of separating or the state of being separated. 	

				solubility – a quality a substance has of being able to dissolve in another substance.

				solution – any liquid mixture of two or more substances that is homogeneous.

				solvent – any liquid that dissolves another solute and forms a homogeneous solution.

				stalactite – a deposit, usually of calcium carbonate, shaped like an icicle, hanging from the roof of a cave or the like, and formed by the dripping of percolating calcareous water.

				sublimation – to convert (a solid substance) by heat into a vapor, which on cooling condenses again to solid form, without apparent liquefaction.

				substance – all forms of matter that have the same chemical and physical properties.

				U

				universal indicator – a chemical solution made from a mixture of substances that produce many different color changes according to different pH levels.

				universe – the totality of known or supposed objects and phenomena throughout space; the cosmos; macrocosm.

				utilization – to put to use; turn to profitable account.

				V

				valency – the relative combining capacity of an atom or group compared with that of the standard hydrogen atom.

				W

				water pollution - the addition of harmful chemicals to natural water.
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				Bunzen burner

			

		

		
			
				Test tube holder

			

		

		
			
				Erlenmeyer flask

			

		

		
			
				Funnel

			

		

		
			
				Petri dish

			

		

		
			
				Test tube

			

		

		
			
				Test tube rack

			

		

		
			
				Flat bottom flask

			

		

		
			
				Graduated cylinder

			

		

		
			
				Beaker

			

		

		
			
				Tongs

			

		

		
			
				chemistry laboratory equipment
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