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Physical and Chemical Changes in Matter Questions

Read the preceding pages and answer the questions in complete sentences

1. What products are produced when burning a candle?






2. What happens when a chemical changes takes place?






3. Compare a chemical change and a physical change.







4. Where do chemical changes occur?







5. What is dissolving?






6. What does physical changes involve?
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Changes in State of Water

Read the preceding page and answer the following questions in complete sentences



1. What do we call water in each of its states?







2. At what temperature does water change from one state to another?







3. How does ice change to steam?









4. What role does energy lay in water changing its state?
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1. What is a chemical change?




2. What happens in a chemical change?




3. What are some indicators that a chemical change is taking place?




4. What role does energy play in a chemical change?

Reactions of Matter

Decide whether the changes listed below are chemical or physical.  Write your answer in the blank provided.

_______________________________ Dissolving sugar in coffee

_______________________________ Burning coal

_______________________________ Mining coal

_______________________________ Boiling an egg

_______________________________ Boiling water

_______________________________ Heating an iron nail

_______________________________ Adding food coloring to water

_______________________________ Dipping blue litmus paper in lemon juice

_______________________________ Dissolving carbon dioxide in water

_______________________________ Adding vinegar to baking soda to form CO2

_______________________________ Mixing salt and pepper

_______________________________ Mixing lye and hydrochloric acid

_______________________________ Melting a nail

_______________________________ Letting a nail rust


Study the two drawings and label them either physical or chemical change
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Oxidation 

Read the preceding pages and answer the following questions in complete sentences

1. What is oxidation?




2. What does a chemical reaction do?



3. How does an oxidation reaction create iron?



4. What is reduction?




5. Why are oxidation and reduction reactions paired?





6. How does a redox reaction generate energy to run a golf cart?















Naming Compounds

IONIC COMPOUNDS versus MOLECULAR COMPOUNDS

Ionic compound:  consist of cations (positive ions) and anions (negative ions) held together by electrostatic attractions
	--Usually metal + nonmetal(s)
	--Made of monatomic ions, polyatomic ions, and/or both
		--Monatomic ions; consist of a single atom
		--Polyatomic ions; consist of more than one atom

Molecular compound:  consist of nonmetals atoms bonded together by shared electrons 	(covalent bonding)
		--acid:  a molecular compound that releases hydrogen ion (H+) 			when dissolved in water

NAMING MONATOMIC CATIONS:

Metal atoms lose valence electrons to form positively charged ions, called cations.  An ion formed from an individual atom is a monatomic (or monoatomic) cation.

I. Groups IA, IIA, IIIA, elements silver (Ag) and zinc (Zn) form only one type of ion;
· Group IA elements form +1 ions: H+, Li+, Na+, K+
· Group IIA elements form +2 ions; Be+2, Mg +2, Ca+2, Sr+2, Ba+2
· Group IIIA elements form +3 ions; Al+3
· Silver ion = Ag+; zinc ion = Zn+2



When a Group IA, IIA, IIIA element, silver, or zinc forms an ion, it is named:

Element name + ion

e.g. Na+ = sodium ion		Sr+2 = strontium ion	Zn+2 = zinc ion







II. The Stock system is used to name transition metals and other metals that form more than one ion:
		--iron (Fe) forms two ions: Fe+2 and Fe+3
		--lead (Pb) forms two ions: Pb+2 and Pb+4


When a metal can form more than one ion, each ion is named:

Element name (charge in Roman numberals) + ion

e.g.		Fe+2 = iron (II) ion	Pb+2 = lead (II) ion	Cu+ = copper (I) ion
		Fe+3 = iron (III) ion	Pb+4 = lead (IV) ion	Cu+2 = copper (II) ion


Name each of the following monatomic cations:

Li+ = _________________________	Ba+2 = ___________________________

Ag+ = _________________________	Cu+2 = ____________________________

Al+3 = _________________________	Mg+2 = ____________________________

Mn+2 = ________________________	Sn+4 = _____________________________

H+ = __________________________	Co+3 = ____________________________

Fe+3 = ________________________	Na+ = _____________________________

K+ = __________________________	Ti+4 = _____________________________

Ca+2 = ________________________	Ni+2 = _____________________________


NAMING MONATOMIC ANIONS:

Nonmetal atoms gain valence electrons to form negatively charged ions called anions.


When a nonmetal forms an ion, it is named:

Element stem name + “ide” + ion

e.g. O = oxygen atom → O-2 = oxide ion
	 N = nitrogen atom → N-3 = nitride ion



Name each of the following monatomic anions:

F- = _________________________________    Cl- = ____________________________

Br- = ________________________________    S-2 = ____________________________

I- = _________________________________    P-3 = ____________________________


NAMING POLYATOMIC IONS:

Ions made up of more than one atom are polyatomic ions:

--only one polyatomic cation: NH4+ = ammonium ion
__many polyatomic anions: see table



NH4+				Polyatomic Ions

OH- = hydroxide ion		NO2- = nitrite ion		C2H3O2- = acetate ion

CN- = cyanide ion		NO3- = nitrate ion		PO4-3 = phosphate ion

CrO4-2= chromate ion		SO4-2 sulfate ion		MnO4-= permanganate ion

Cr2O7-2= dichromate ion	SO3-2 = sulfate ion		CO3-2 = carbonate ion

HCO3- = hydrogen carbonate ion or bicarbonate ion



Name each of the following polyatomic ions:

CN- = ____________________________ CrO4-2 = ____________________________

SO4-2 = ___________________________  NO3- = _____________________________

OH- = ____________________________  PO4-3 = ____________________________

NH4+= ____________________________ C2H3O2- = ___________________________




WRITING CHEMICAL FORMULAS GIVEN INDIVIDUAL IONS

Compounds must be neutral → total + ve charge = total –ve charge


If the two ions have exactly opposite charges (+1 and -1, +2 and -2, +3 and -3)

	→ formula of the compound contains one of each ion

e.g.	Na+ + Cl- → NaCl		K+ +NO3- → KNO3

	Ca+2 + S-2 → CaS		Ba+2 + SO4-2 → BaSO4

	Al+3 + N-3 → AlN		Fe+3 + PO4-3 → FePO4 


Combine each pair of ions to get the formula of the compound they form:

NH4+ + F-→_________________________	Li+ + CN- →_________________________

Sr+2 + CO3-2 →______________________	Al+3 + PO4-3→________________________

Na+ + C2H3O2- → ___________________	K+ + OH- → _________________________

Ni+2 + CrO4-2 → _____________________	Fe+3 + N-3 → ________________________

Cu+2 + SO4-2 → _____________________	Co+3 + P-3 → _________________________

If two monatomic ions have different charges

→ use crossover rule to get formula of the compound

· superscript for cation becomes subscript for anion
· superscript for anion becomes subscript for cation
· simplify subscripts to get lowest ratio of atoms (NOTE: Only the numbers cross down, NOT the signs!)

   Na+      S2-			Ba2+   N3-			Ti4+   O2-
	        				
       Na2S			    	   Ba3N2			    Ti2O4
								        TiO2 (simplified)



If two ions have different charges and at least one polyatomic ion is involved:

→ use crossover rule to get formula of the compound

	--if more than one of polyatomic ion in formula, use parentheses
	--simplify subscripts to get lowest ration of atoms (NOTE:  Again only the 			numbers cross down , NOT the signs!)

NH4+	O2-		Ca2+	NO3-	PB4+	CO32-

     (NH4)2O		Ca(NO3)2	Pb2(CO3)4
							Pb(CO3)2 simplified!

Combine each pair of ions to get the formula of the compound they form:


Cu+      O-2	            	Sn+4    SO4-2			K+    P-3




Li+    CO3-2		             Fe+3    S-2			Ni+2     PO4-3





CHEMICAL FORMULAS AND NAMES FROM INDIVIDUAL IONS
Compounds are named from the individual ions they come from.
Name the cation and the anion, then remove “ion from each name:
e.g.  Na+ = sodium ion
        Cl- = chloride ion  	 →   	 NaCl = sodium chloride

        K+ = potassium ion
       CO3-2 = carbonate ion	 → 	K2CO3 = potassium carbonate

       Fe+3 = iron (III) ion
      NO3- = nitrate ion		 → 	Fe(NO3)3 = iron (III) nitrate 

      Ag+ = silver ion
       S-2 = sulfide ion		 → 	Ag2S = silver sulfide
Combine each pair of ions to get the chemical formula, then name the compound:
Individual ions		Compound Formula			Compound Name
   Mg+2      F-			________MgF2________	      __magnesium fluoride
   Ni+2           S-2			_____________________	       __________________
   Ca+2       Br-			_____________________	      ___________________
   Al+3       P-3			_____________________	      ___________________
   Co+2      NO2-	            _____________________	      ___________________
   K+         CrO4-2	            _____________________	      ___________________
   Fe+3      O-2			_____________________	      ____________________


GIVEN THE CHEMICAL FORMULA, NAME THE COMPOUND
If the metal is in Groups IA – IIIA, silver, cadmium, or zinc, then just name the metal cation and the anion:
e.g.  NaCl  → Na = sodium and Cl = chloride → sodium chloride
        BaI2 →  Ba = barium and I = iodide → barium iodide
        Al(OH)3 → Al = aluminum  and OH = hydroxide → aluminum hydroxide
        ZnSO4 → Zn = zinc  and SO4 = sulfate   → zinc sulfate

If the metal can form more than one ion
a. Determine the charge on the cation using the charge on the anion.
b. Name the cation and the anion, then remove “ion” from both.
e.g.  NiBr2 → since the ion formed is Br-, then 2 Br’s have an overall negative charge of   -2.  to get an overall charge of zero for the compound, the overall positive charge must be +2.  Thus, Ni must have a charge of +2, so the ion nickel forms is Ni+2.

		→ Ni+2 = nickel (II) ion	Br- = bromide ion
		→ NiBr2 = nickel (II) bromide

c. If a polyatomic ion is involved, remember that more than one polyatomic is shown in parentheses—i.e. DO NOT multiply the charge of the polyatomic ion with the subscript of the atoms in a polyatomic ion.
CuSO4 → There is only ONE Cu and ONE SO4, so get the charge for the Cu based on the SO4.  The formula is SO4-2, and there is only ONE SO4-2, so Cu’s charge here must be +2 for the compound to have an overall charge of zero.
→ Cu+2 =  copper (II) ion		SO4-2 = sulfate ion
Then → CuSO4 = copper (II) sulfate


Give the name for each compound given its chemical formula:

	Formula
	Individual Ions
	Name of Compound

	MgCl2
	Mg+2          Cl-
	

	LiOH
	
	

	ZnCO3
	
	

	K2S
	
	

	FePO4
	
	

	SnO2
	
	

	CuBr2
	
	

	Ag3N
	
	

	Mn(CN)2
	
	

	AgC2H3O2
	
	



WRITING CHEMICAL FORMULAS GIVEN THE COMPOUND NAME


Get the individual ions from the name, then combine them using the crossover rule:
e.g. barium chloride	 → 	barium = Ba+2         chloride = Cl-
		Ba+2    Cl- → BaCl2
Aluminum sulfate	 → 	aluminum = Al+3     sulfate = SO4-2
		Al+3    SO4-2  → Al2(SO4)3

Give the chemical formula for each compound given its name:

	Name of Compound
	Individual Ions
	Formula

	Lithium cyanide
	Li+   CN-
	LiCN

	Iron (III) sulfate
	
	

	Calcium iodide
	
	

	Tin (IV) dichromate
	
	

	Silver nitrite
	
	

	Copper (II) acetate
	
	

	Zinc carbonate
	
	

	Lead (II) phosphide
	
	

	Potassium sulfite
	
	

	Cobalt (II) nitride
	
	

	Nickel (II) permanganate
	
	



NAMING MOLECULAR COMPOUNDS
Indicate number of atoms of each element with Greek prefix before element name:

	# of atoms
	Greek Prefix
	# of atoms
	Greek Prefix

	1
	mono (usually omitted)
	6
	hexa

	2
	di
	7
	hepta

	3
	tri
	8
	octa

	4
	tetra
	9
	nona

	5
	penta
	10
	deca


For the first element:		Greek prefix + element name
For the second element: 	Greek prefix + element name stem + “—ide”
Note:  Mono is generally omitted, except in common names like 
	CO = carbon monoxide
                P2O5				           SF6
diphosphorus pentaoxide			sulfur hexafluoride
Name the following molecular compounds:
SO3 = ______________________________  SiBr4 = ____________________________
XeF6 = _____________________________  ClF3 = _____________________________
N2O4 = _____________________________  Cl2O7 = ___________________________
PCl5 = ______________________________  P4O10 = ___________________________

DETERMINING FORMULAS OF MOLECULAR COMPOUNDS

Use Greek prefix(es) to determine number of atoms of each element in formula
Get elements and number of atoms of each from the name:
		tetraphosphorus hexasulfide
				P4S6

Give the formula for each of the following molecular compounds
nitrogen trichloride		dibromine heptaoxide		dinitrogen pentasulfide



DETERMINING FORMULAS AND NAMES OF ACIDS FROM IONS
Given an ion,
We can get formula of acid by:  adding H atoms equal to negative charge on ion
We can name for acid		    depending on suffix of ion name
			Add # of H’s equal
			To negative charge
F- = fluoride ion 	→  →	→	HF (aq) = hydrofluoric acid
			Add # of H’s equal 
			To negative charge
NO2- = nitrite ion 	→  →   →		HNO2 (aq) = nitrous acid
			Add # of H’s equal
			To negative charge
SO4-2 = sulfate ion	→  →   → 		H2SO4 (aq) = sulfuric acid

Name each of the following ions, and determine the formula and name of the corresponding acid that forms from the ion.

		Name of ion		 Formula of Acid		  Name of Acid
CO3-2 = 	carbonate ion	     →	H2CO3  _____       →  carbonic acid_________

Cl- =		______________→	_______________ → _____________________

SO3-2 =		______________→	_______________ → _____________________

PO4-3 =		______________→	_______________ → ____________________

NO3- =		_____________  →	_______________ → _____________________
Name each of the following acids:
HBr (aq) = _______________________________	H2CrO4 (aq) ___________________
H2S (aq) = _______________________________  HC2H3O2 (aq) = _________________
HF (aq) = ________________________________  H2SO4 (aq) = ___________________
Give the formula for each of the following acids:  [Don’t forget to indicate (aq)!]
phosphoric acid = ______________________ nitrous acid = _______________________
hydroiodic acid = ______________________ carbonic acid = _____________________
sulfurous acid = _______________________ nitric acid = ________________________

PUTTING IT ALL TOGETHER:
Name each of the following compounds:
BaCl2 ____________________________		NiBr2 ________________________

HNO3 (aq) ________________________		SO2 _________________________

AgF _____________________________		PbS2 ________________________

CuSO3 ___________________________		PF5 _________________________

K2SO4 ___________________________		Cr(C2H3O2)3 _________________

FeP ______________________________		Al2(CO3)3 ___________________

NiSO4 ___________________________		ZN(OH)2 _____________________
KMnO4 __________________________		Sn(CN)2 ______________________
WRITING BINARY FORMULAS
Write the formulas for he compounds formed from the following ions.
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1. Na+, Cl- ____________________
2. Ba+2, F- ____________________
3. K+, S-2 ____________________
4. Li+, Br- ____________________
5. Al+3, I- ____________________
6. Zn+2, S-2 __________________
7. Ag+, O-2 __________________
8. Mg+2, P-3___________________
9. Ni+2, O-2___________________
10. Ni+3, O-2___________________

11. Fe+2, O-2 ___________________
12. Fe+3, O-2 __________________
13. Cr+2, S-2 ___________________
14. Cr+3, S-2 ___________________
15. Cu+, Cl- ___________________
16. Cu+2, Cl- ___________________
17. Pb+2, O-2 __________________
18. Pb+4, O-2 __________________
19. Mn+2, Br- __________________
20. Mn+4, Br- __________________




NAMING BINARY COMPOUNDS (IONIC)

1. 
2. BaCl2 _____________________
3. NaF _______________________
4. Ag2O _____________________
5. CuB ______________________
6. CuBr2_____________________
7. FeO _______________________
8. Fe2O3 _____________________
9. MgS ______________________
10. Al2O3______________________
11. CaI2 ______________________
12. K2S _______________________
13. CrCl2______________________
14. CrCl3 _____________________
15. CaO ______________________
16. Ba3P2 _____________________
17. Hg2I2 ______________________
18. Na2O ______________________
19. BeS _______________________
20. MnO ______________________
21. Mn2O3 ____________________









NAMING BINARY COMPOUNDS (COVALENT)
Name the following compound using the prefix method.
1. CO	____________________________________________________________
2. CO2	__________________________________________________________________________________________
3. SO2	__________________________________________________________________________________________
4. NO2	__________________________________________________________________________________________
5. N2O	____________________________________________________________
6. SO3	__________________________________________________________________________________________
7. CCl4	__________________________________________________________________________________________
8. NO	____________________________________________________________
9. N2O5	__________________________________________________________________________________________
10. P2O5	__________________________________________________________________________________________
11. N2O4	__________________________________________________________________________________________
12. CS2	__________________________________________________________________________________________
13. OF2	__________________________________________________________________________________________
14. PCl3	__________________________________________________________________________________________
15. PBr5	__________________________________________________________________________________________
FORMULAS WITH POLYATOMIC IONS

Matching the horizontal and vertical axes, write the formulas of the compounds with the following combination of ions.  The first one is done for you.

	
	
OH-
	
NO3-
	
CO3-2
	
SO4-2
	
PO4-3


	
H+

	
HOH
(H2O)

	
HNO3
	
H3CO3
	
H2SO4
	
H3PO4

	
Na+

	


	
	
	
	

	
Mg+2

	


	
	
	
	

	
NH4+

	
	
	
	
	

	
Ca+2

	
	
	
	
	

	
K+

	
	
	
	
	

	
Al+3

	
	
	
	
	

	
Pb+4

	
	
	
	
	










NAMING COMPOUNDS (MIXED)

Name the following compounds.

1. NaCl	___________________________________________________________
2. MnS	___________________________________________________________
3. K2O	___________________________________________________________
4. CuBr2	________________________________________________________________________________________
5. CuBr	___________________________________________________________
6. CO2	________________________________________________________________________________________
7. PbSO4	________________________________________________________________________________________
8. Li2CO3	________________________________________________________________________________________
9. Na2CO3 __________________________________________________________
10. NO2	________________________________________________________________________________________
11. N2O4	________________________________________________________________________________________
12. Ca(OH)2 ______________________________________________________________________________________
13. NH4Cl	___________________________________________________________
14. SO3	________________________________________________________________________________________
15. AlPO4	________________________________________________________________________________________
16. CCl4	________________________________________________________________________________________
17. CaS	___________________________________________________________
18. NH3	________________________________________________________________________________________
19. MgI2	________________________________________________________________________________________
20. K3PO4	________________________________________________________________________________________

WRITING FORMULAS FROM NAMES
Write the formulas for the following compounds.
1. carbon monoxide	________________________________________________
2. sodium chloride	________________________________________________
3. carbon tetrachloride	________________________________________________
4. magnesium bromide	________________________________________________
5. aluminum iodide	________________________________________________
6. hydrogen hydroxide	________________________________________________
7. iron (II) fluoride	________________________________________________
8. carbon dioxide		________________________________________________
9. sodium carbonate	________________________________________________
10. ammonium sulfide	________________________________________________
11. iron (II) oxide		________________________________________________
12. iron (III) oxide		________________________________________________
13. magnesium sulfate	________________________________________________
14. sodium phosphate	________________________________________________
15. dinitrogen pentoxide	________________________________________________
16. phosphorus trichloride _______________________________________________
17. aluminum sulfite	________________________________________________
18. copper (I) carbonate	________________________________________________
19. potassium hydrogen carbonate _________________________________________
20. sulfur trioxide		________________________________________________

[image: 141]
Counting Atoms
Calculate how many atoms of each element are present in the following compounds.
1. NaHCO3




2. C2H4O2





3. Mg(OH)2





4. 3H3PO4





5. 2H2SO4





6. (NH4)3PO4




7. C6H12O6





8. 4CaCO3


[image: Chemical Reactions 017]

Law of Conservation of Mass
Read the preceding page and answer the following questions in complete sentences.

1. State the Law of Conservation of Mass.


2. How does the Law of Conservation of Mass apply to chemical reactions?



3. How does the Law of Conservation of Mass apply to writing chemical formula?



4. How are mass and energy related?
[image: Chemical Reactions 004]

Balancing Chemical Equations
Read the preceding page and answer the following questions in complete sentences.

1. What is a chemical equation?




2. Name the parts of a chemical equation and explain each.




3. Compare the atoms in a reactant to the atoms in the product.





4. Why are there words or symbols above the arrow in some chemical equations?




BALANCING EQUATIONS

Part A		Chemical Equations

Texas has one of the largest reserves of natural gas (methane) in the country.  Natural gas is often used in homes as the primary source of heat, for cooking, and for providing hot water.  When methane combines with oxygen during combustion, it produces carbon dioxide and water.  The balanced chemical equation for the combustion reaction of methane is shown below.

CH4 + 2O2 → CO2 + 2H2O

Methane + oxygen → carbon dioxide + water

REACTANTS → PRODUCTS

The substances present before the reaction occurs are called the reactants.  The reactants in this reaction are methane (CH4) and oxygen (O2). The products in a chemical equation are the substances produced by the reaction.  The products in this reaction are carbon dioxide (CO2) and water (H2O).
	In between the products and reactants, you see an arrow called the yield sign.  The direction of the arrow shows the direction of the reaction and always points toward the products.  The yield sign is similar to the equal sign in a mathematical equation.  In a chemical equation, the reactants are always found to the left of the yield sign, while the products are always found to the right.
	The numbers in front of the chemical formulas in the chemical equation are called coefficients. The coefficients indicate the number of atoms or molecules of a substance involved in the reaction.  In this reaction, two molecules of oxygen were used as reactants and two molecules of water were formed as products.  If no number appears in front of the formulas (as in CH4 and CO2), it means that only one molecule is present.

Problems

Use the following balanced chemical equation to answer problems 1-4

2H2 + O2 → 2H2O

Hydrogen + oxygen → water

1. Name the product(s) in the reaction. ____________________________________

2. Name the reactant(s) in the reaction. ____________________________________

3. What is the coefficient of the product?  What is the coefficient of oxygen? ______
_____________________________________________________________________

4. What does the yield sign tell you about the reaction? _______________________


Part B		Balancing Chemical Equations

In a balanced chemical equation, the number and kind of atoms that are present as reactants must be present as products.  For example, Figure A represents the chemical reaction between hydrogen and oxygen to form water.

[image: chemical reactions 038]

	Notice that in the reactants there are 2 atoms of hydrogen and 2 atoms oxygen.  In the products, however, there are 2 atoms of hydrogen, but only 1 atom of oxygen.  This chemical equation is not balanced.  To balance the equation, you add coefficients in front of the chemical formulas where they are needed.  How can you make the number of oxygen atoms on the right equal the number on the left while keeping the hydrogen balanced?  You can put a 2 in front of the formula for hydrogen and a 2 in front of the formulas for water.  Figure B shows the balanced chemical equation for the reaction.  Notice that the number of hydrogen and oxygen atoms in the reactants are the same as in the products.

Problems

5. Balance the following chemical equation

a. _____ H2 + _____Cl2  → _____HCl

b. What are the reactants? ________________________________________

c. What are the products? ________________________________________

6. Balance the following chemical equation

a. ______Br2 + ______KI → ______KBr +______ I2

b. What are the reactants? ________________________________________

c. What is the coefficient of KI in the balanced equation? _______________

A Case of Balance – Reinforcement

Fill in the blanks to review how to balance equations.

1. To balance an equation, you need to use ___________________________ , which are numbers placed in front of chemical symbols or formulas.

2. The first step to balancing an equation is counting the atoms.  To do this, you multiply each element’s ____________________________  by its __________________________ .  Do this for each element on either side of the equation.

3. If an element has no subscript beside it, what number would you multiply its coefficient by? ____________________________________________

4. If an element has no coefficient in front of it, what number would you multiply its subscript by? ______________________________________

5. The ___________________________________ are on the left side of an equation, and the _____________________________________ are on the right side.

Try balancing this equation:  4Fe + 3O2 → Fe2O3

6. First, count the atoms on the reactants side, so you need to multiply them by some number to equal the number of atoms on the reactants side.

Reactants → Products

Fe = ____________,  O = ___________, 	Fe = _____________, O = ________

7. There are fewer atoms on the products side, so you need to multiply them by some number to equal the number of atoms on the reactants side.

8. Write the whole equation, using your last answer as a coefficient. _____________

9. To check your work, recount the atoms using he new coefficient.

Reactants:  Fe = _________________, O = _______________________

Products:   Fe = _________________, O = _______________________

10. Are there the same number of atoms for each element on both sides of the equation? _______________________________



[image: ]
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Name ____________________________

Balancing Equations Practice

Part A: Identify the following parts of each chemical formula by circling the subscripts and drawing a square around the coefficients.

                    H2               2HCl                  4O2              CH4     

        
                                                    3CO3                      2NaOH


Part B: List the symbols for the atoms in each formula and give the number of each.
C2H6                                               2MgO                                    4P4O10






NH3                                                 3Al(OH)3                                          2H2O2


Part C: Count the atoms on each side of the equation.


P + O2 → P4O10                                                                     Mg + O2 → MgO

  P =                P =                                                                      Mg =              Mg =

  O =                O =                                                                      O =                 O =


                     BaCl2 + H2SO4 → BaSO4 + HCl
                                  Ba =                               Ba =

                                   Cl =                                Cl =

                                    H =                                 H =

                                    S =                                  S =

                                    O =                                 O =
Part D: Choose which coefficients balance the equations

_Cl2 + _NaBr → _NaCl + _Br2                             __H2 + _N2 → _NH3










a.   2,2,2,1                                                                                  a. 3,2,1
b.   3,2,1,1                                                                                  b. 3,1,2
c.   1,2,2,1                                                                                  c. 1,2,3
d.   1,1,2,3                                                                                  d. 1,1,2

_Na + _Br2 → _NaBr              _CuCl2 + _H2S → _CuS + _HCl







a.  2,1,1                                                                                      a. 2,1,2,1
b.  1,2,2                                                                                      b. 1,1,1,2
c.  1,1,2                                                                                      c. 2,2,1,1
d.  2,1,2                                                                                      d. 1,2,1,2

_HgO + _Cl2 → __HgCl + _O2                               __C + _H2 → _CH4



      




a.  1,2,1,2                                                                                   a. 1,2,1
b.  2,2,1,1                                                                                   b. 2,1,2
c.  2,1,2,1                                                                                   c. 1,1,2
d.  1,1,1,2                                                                                   d. 2,2,1
Name _____________________________________	Date ___________________

Balancing Equations

Multiple Choice.  Choose the correct numbers to balance out the equation.  Once it is balanced count the atoms to check your answer.

1. _____Na   +   _____O2   →   _____Na2O
a. 2, 1, 2
b. 4, 1, 2
c. 2, 1, 1

2. _____H2   +   _____O2   →  _____H2O
a. 1, 2, 1
b. 2, 2, 2
c. 2, 1, 2

3. _____Na2SO4   +   _____CaCl2   →   _____CaSO4   + _____NaCl
a. 1, 1, 1, 2
b. 2, 1, 1, 4
c. 1, 2, 1, 2

4. _____Al2O3   →   _____Al   + _____O2
a. 1, 2, 2
b. 2, 3, 4
c. 2, 4, 3

5. _____N2   +  _____ H2   →   _____NH3
a. 1, 2, 3
b. 2, 3, 1
c. 1, 3, 2

6. _____Fe   +   _____H2O   →   _____Fe3O4   +   _____H2
a. 3, 4, 1, 4
b. 3, 4, 2, 1
c. 3, 3, 1, 4

7. _____P4   +   _____O2   →    _____P4O10
a. 2, 3, 2
b. 1, 5, 2
c. 1, 5, 1

8. _____SiCl4   →    _____Si  +   _____Cl2
a. 1, 1, 4
b. 1, 1, 2
c. 1, 2, 2
Balancing equations

1.                                                                                               2.

_HgO + _Cl2 → __HgCl + _O2                               __C + _H2 → _CH4

a.  1,2,1,2                                                                                   a. 1,2,1
b.  2,2,1,1                                                                                   b. 2,1,2
c.  2,1,2,1                                                                                   c. 1,1,2
d.  1,1,1,2                                                                                   d. 2,2,1



3. 4. 

_Na + _Br2 → _NaBr              _CuCl2 + _H2S → _CuS + _HCl

a.  2,1,1                                                                                      a. 2,1,2,1
b.  1,2,2                                                                                      b. 1,1,1,2
c.  1,1,2                                                                                      c. 2,2,1,1
d.  2,1,2                                                                                      d. 1,2,1,2

5.                                                                                                6.


_Cl2 + _NaBr → _NaCl + _Br2                             __H2 + _N2 → _NH3


a.   2,2,2,1                                                                                  a. 3,2,1
b.   3,2,1,1                                                                                  b. 3,1,2
c.   1,2,2,1                                                                                  c. 1,2,3
d.   1,1,2,3                                                                                  d. 1,1,2


7. 
__Na2SO4   +   __CaCl2   → __CaSO4   + __NaCl



a. 1, 1, 1, 2
b. 2, 1, 1, 4
c. 1, 2, 1, 2
d. 2, 2, 1, 3



Balancing Equations

Balance the following chemical equations

1.      	CH4 +      O2 →      CO2 +      H20

2.      	Na +        I  →         NaI

3.      	N2 +        O2 →        N20

4.       	N2 +       H2 →        NH3

5.       	KI +        Cl2 →       KCl + I2

6.     	HCl +      Ca(OH)2 →      CaCl2 +       H2O

7.      	KClO3 →      KCl +      O2

8.     	K3PO4 +       HCl →      KCl +      H3PO4

9.      	S +      O2 →     SO3

10. KI +       Pb(NO3)2 →      KNO3 + PbI2 

11. CaSO4 +      AlBr3 →      CaBr2 +      Al2(SO4)3

12. H2O2 →      H2O +      O2

13. Na +      H2O →      NaOH +      H2

14. C2H6 +      O2 →      CO2 +      H2O

15. Mg(NO3)2 +     K3PO4 →        Mg3(PO4)2 +       KNO3

[image: Chemical Reactions 015]
[image: chemical reactions 029]
[image: chemical reactions 030]
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STRUCTURES AND PROPERTIES OF MATTER, CONTINUED

PHYSICAL CHANGES

Dissolve some sugar in your tea. Watch fog form on your bathroom mirror. Put
cored apples into the blender and make applesauce. These are physical changes.
Things may look different after these changes, but only the form of the substances
has changed, not their chemical composition. The water on your mirror is still
HyO—two atoms of hydrogen and one atom of oxygen in every molecule. The
apple is the same—it’s just in smaller pieces. Your taste buds will tell you the
sugar in your tea is unchanged.

Perhaps the types of physical changes you are most familiar with are those that
involve changes of state. All matter exists in one of three states—solid, liquid, or
gas. Depending on physical conditions such as bem}&ramre and pressure, matter
can change from one state to another. In a change of state, a solid melts to
become a liquid. A liquid evaporates to become a gas, or a gas condenses to
become a liquid. These types of physical changes happen every day as part of
the water cycle, which is summarized in Figure 14-2.

Dissolving is another kind of physical change. When a substance dissolves, its
particles simply spread out evenly in the substance that dissolves it. All of these
changes—melting, freezing, evaporating, condensing, and dissolving—involve
the loss or gain of energy within the matter, but they don’t change the matter’s
chemical composition.

P S

Coadensation
(liquid water)

The water cycle runs by physical change.
Figure 14-2
g —
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Changes in state of water

One of the unique characteristics of water is that it occurs in all three states—
solid, liquid, and gas—within a relatively narrow temperature range—about 100°C
(212°F). Temperatures within this range occur naturally every day somewhere on
Earth. You've probably seen water and ice in the nature that surrounds you. The
same frost that is on the blades of grass early in the morning will change to water
as temperatures rise toward afternoon. Water's gaseous stage—water vapor—
surrounds you all the time in the form of humidity. Figure 14-3 shows water in
each of its changing states.

Compare the changes of state in water to those in a metal such as copper.
Water melts above 0°C, but copper doesn’t melt until it rchhes 1,083°C. Water
boils and vaporizes at 100°C. Copper boils at 2,567°C. Only extraordinary circum-
stances will melt or vaporize copper. Water, on the other hand, melts and vapor-
izes all the time. Throughout these changes, the chemical composition of both the
water and the copper remain unchanged.

‘When ice melts, heat is required to separate the water molecules that are locked
in ice erystals. The freely moving molecules in liquid water have far more energy
than those in ice. Adding more energy will warm the liquid water. Eventually, ener-
gized water molecules jump around so forcefully that they break free from the sur-
face. The process of evaporation changes them to gas, or water vapor.

Water molecules become increasingly energized in the changes described
above. But water molecules must release energy to condense, or change from gas
to liquid. That's one reason the temperature often rises when it rains. The con-
densing water molecules, which moved about very actively in the form of vapor,
release a lot of energy as they settle into the slower pace of liquid molecules.
Energy is released again when liquid water freezes. Frozen water molecules are
locked in place. They have far less energy than liquid molecules. This flow of en-
ergy within the water cycle is key to the study of weather.

Understanding the changes of state in water is important because they are
crucial to the survival of all species. The changes occur constantly as part of the
water cycle that provides drinking water and fertile land. The gains and losses of
energy that accompany the ongoing changes in the state of water also help distrib-
ute the sun’s energy around the globe.

—_— - — e
increasing temperature increasing temperature
-—— —
decreasing temperature decreasing temperature
Liquid Gas
Change of state

Figure 14-3
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[

CHEMICAL CHANGES

Any time a chemical reaction takes place, a chemical change occurs. The products
of a chemical reaction—the substances that form—have different molecules from
the reactants—the substances that you began with. Chemical changes create
new substances with their own chemical compositions and their own properties.

In a chemical change, a compound may break apart and its atoms rearrange to
form new compounds. Or atoms in two or more substances can combine into one
new substance. Whichever way the molecules change, the kinds and number of
atoms in the products must be the same as the kinds and number of atoms in the re-
actants. A chemical change doesn’t create or destroy atoms; it only rearranges them.

If you are trying to figure out if a chemical chan@® has taken place, look for
some distinctive signs to find clues. Mix baking soda and vinegar and you will get
instant bubbles of carbon dioxide gas. The bubbles are your clue. A new solid
forming within liquids of different substances is another clue. You might see a
color change or smell strong odors during a chemical change.

Like physical changes, chemical changes involve energy changes. Sometimes
you can easily see energy given off in a chemical reaction. For example, mix sul-
fur and zinc and you see a flame as they react. Other reactions won't occur unless
heat is applied. Energy changes might be small, but they are always there.

Chemical changes occur all around you—in your body, in machinery, and in na-
ture. That apple you left in the refrigerator a month ago looks, feels, and smells
entirely different than when it was fresh. It has undergone chemical changes. So
did your car battery after you left the headlights on all night. And as you read this
Ppage, your body is chemically changing the food from your last meal.
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Properties of Matter

Physical and Chemical Changes Type of Change
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PHYSICAL VS. Nome
CHEMICAL PROPERTIES

A physical property is observed with the senses and can be determined without destroying
the object. For example, color, shape, mass, length, density, specific heat and odor are
all examples of physical properties.

A chemical property iIndicates how a substance reacts with something else. When a
chemical property Is observed, the original substance is changed into a different
substance. For example, the ability of Iron fo rust Is a chemical property. The iron has
reacted with oxygen and the original Iron metal is gone. It is now iron oxide, a new
substance. All chemical changes include physical changes.

Classify the following properties as either chemical or prﬁ(slcol by putting a check in the
appropriate column.

Physical Chemical
Property Property

1. red color

2. density

3. flammability

4. solubility

5. reacts with acid to form hydrogen

6. supports combustion

7. bitter taste

8. melting point

9. reacts with water to form a gas

10. reacts with a base to form water

11, hardness

12. boiling point

13. can neutralize a base

14. luster

15. odor

Physical Science IF8767 38 @nstructional Fair, ine.
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PHYSICAL VS. CHEMICAL CHANGE Name

10.

In a physical changse, the original
substance still exists, it has only
changed in form. Energy changes
usually do not accompany physical
changes, except in phase changes
and when substances dissolve.

In a chemical change, a new
substance is produced. Energy
changes always accompany
chemical changes. Chemical
changes are aiways accompanled by
physi€al changes.

Classify the following as examples of a
physlcal change, a chemical change

Sodium hydroxide dissolves in water.

Hydrochloric acid reacts with sodium hydroxide
to produce a salt, water and heat.

A pellet of sodium is sliced in two.

Water is heated and changed fo steam.

Potassium chiorate decomposes to
potassium chloride and oxygen gas.

Iron rusts.

ice melts. :

Acid on limestone produces carbon dioxide gas.

Milk sours, __

Wood rots.

or both kinds of change.

Physical Sclence (F8767 39

@instructional Fair, inc.
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P

Oxidation

If you've ever left a bicycle or other object made of a metal that contains iron
unprotected outside long enough, you'll see that it eventually starts to rust.
Rusting is evidence of a chemical change called oxidation. Oxidation is a
chemical reaction in which a substance loses one or more electrons to become
positively charged ions.

Remember that a chemical reaction changes the chemical nature of a sub-
stance. Rust bears little resemblance to the iron from which it forms. Iron is shiny
and bends under strong enough force. Rust, on the other hand, is dull orange, and
it crumbles. These changed properties reflect a change in chemical composition
of the substance. *

In the oxidation reaction that creates rust, iron atoms feact with oxygen to lose
three electrons and form Fe?* ions. Oxygen atoms gain electrons and form 0>
ions. Two iron atoms react with three oxygen atoms to form rust, Fe;Oj.

While the iron atoms gave up electrons and were oxidized, the oxygen atoms
received electrons and became negative ions. This chemical change is called
reduction, the process in which elements gain electrons. Oxidation and reduction
reactions are paired because electrons are shifted from one substance to another.
When one substance is oxidized, another is reduced. These paired oxidation/
reduction reactions are often referred to as redox reactions.

Oxidation/reduction reactions occur all around
you. A burning campfire is an oxidation process. So
is the corrosion on your car or a fireworks display.

Redox reactions can generate enough power to
run a battery-powered vehicle such as a golf cart.
Batteries use oxidation/reduction reactions to pro-
duce and store electric energy. The copper-zinc
voltaic cell in Figure 14-4 is an example. As you
can see, the cell is made by inserting a zinc elec-
trode into a zinc sulphate solution and a copper
electrode into a copper sulfate solution. A porous
divider allows ions to move freely between the
two solutions. The zine loses two electrons:

solution e solution
Porous divider

Figure 13-

Zn — Zn®* + 2
In the other part of the cell, the copper loses electrons too:
Cu** +2e - Cu

If you connect the two half-cells with a conducting wire, you create a closed
circuit. Electrons from the zinc half-cell flow through the wire, and sulfate ions
from the copper half-cell flow into the zinc half-cell, producing an electric current.

e B e B o i S A "
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Counting Atoms

The formula for a compound indicates the elements that make up the compound and the number
of atoms of each element present in the compound. These numbers of atoms are indicated by the
use of small numbers called subscripts. Sometimes groups of atoms act as a single atom. Such a
group of atoms is called a polvatomic ion. If a polyatomic ion is used in a formula more than once, it
is put in parentheses and the subscript appears outside the parentheses. When a subscript appears
outside the parentheses, it indicates that a// the elements inside the parentheses should be muylti-
plied by that subscript. For example, the formula FetQH), indicates the combination of one atom of
iron, Fe, three atoms of oxygen, O, and three atoms of hydrogen, H.

In the following examples, list each element in the compound and the number of atoms of each
element present. The first example has been done for you. You may already be familiar with some
of the compounds.

Atoms in Formula

Calcium carbonate Limestone

Pain reliever

Magnesium Found in milk of
hydroxide magnesia

Paradichlorobenzene Moth crystais

Acetic acid Found in vinegar

e
Calcium dihydrogen Fertilizer
phosphate

Fool's goid
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LAW OF CONSERVATION OF MASS

Picture again a burning candle. The candle starts out as a long taper and then be-
comes shorter and shorter the longer it burns. As the candle burns and gets
smaller, you might think that matter is disappearing before your eyes. But that's
not what's happening. Maiter can't just disappear.

The law of conservation of mass states that matter cannot be created or
destroyed. Chemical reactions can combine elements, separate elements, or re-
arrange them, but can’t destroy them. In any chemical reaction, all atoms that go
into the reaction must be present in the products. The total mass of matter re-
mains the same.

When a candle burns, it does become smaller ans weigh less, but the matter
doesn’t disappear. If you look closely at a burning candle, you will see smoke—
gases and particles—escaping from the flame. And remember that when a candle
burns, it uses oxygen from the air in the process. If you found the mass of reac-
tants—the candle and the oxygen—and compared it to the mass of the products—
gases and smoke particles—you would see that the two masses are equal.

When you write a chemical equation, keep the law of conservation of mass in
mind. The number of atoms of each element must be equal on each side of the
equation. Counting atoms means counting mass.

The law of conservation of mass sometimes is combined with the law of con-
servation of energy. Since the days of Albert Einstein, scientists have known that
mass and energy are related. They now know that matter can be converted to
energy, and energy can be converted to matter. These conversions, however,
occur in nuclear reactions and are beyond the scope of study in basic chemistry.
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BALANCING CHEMICAL EQUATIONS

A chemical equation is a shorthand way of describing a chemical reaction. In a
chemical equation, the chemical formulas of the initial substances, or reactants,
appear on the left side of an arrow. The chemical formulas of the resulting sub-
stances, or products, appear to the right of the arrow. The arrow itself means
gives or yields, and is much the same as an equal sign in a mathematical equation.
Chemical equations can include symbols that indicate the physical state of the ele-
ments and compounds: solid, liquid, gas, or aqueous (dissolved in water).

Here is an example of a chemical equation that shows the reaction between
solid magnesium (Mg) and aquecus hydrochloric ag‘d (HCI).

Mg(s) + 2HCI(aq) — Hy(g) + MgCly(aq)

The equation is read, “One magnesium atora and two molecules of hydrochlo-
ric acid yield one molecule of hydrogen gas and one molecule of aqueous magne-
sium chloride.” Note that three particles became two particles, but the number of
atoms is unchanged. The arrangement of the atorus is different. The products of
this reaction are substances with different chemical and physical properties from
the reactants.

Sometimes words or symbols above or below the arrow give further informa-
tion about the reaction. They might tell that the reactants were heated, that the
reaction was carried out at a specific pressure, or if a catalyst chemical helped
the reaction along. Look at this equation showing how solid mercury oxide breaks
down into liquid mercury and oxygen gas:

2HgO(s) > ZHg(D) + Ox(8)

The triangle above the arrow means the reactant was heated to produce
the reaction.
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Part A: Parts & Pieces
(1) Circle each subscript in each chemical formula.
(2) Draw a square around each coefficient.
(3) Answer the questions related to each chemical formula.

0O, CO, SH,

What element does the O represent? How many atoms of each element How many atoms of Hydrogen are
are in the formula shown? in this formula as shown?
C= O= s
Nﬁuwmo NH/HNNMAVuq
How many atoms each element How many atoms each element
are in the formula shown? are in the formula shown?
C= H= Na= S= O=

Part B: Label the chemical equation using PRODUCT, REACTANTS, SUBSCRIPT, COEFFICIENT, and YIELDS.

i )

impe 2006  http://sciencespot.net/
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Balancing Equations

Find the molecular masses of both
sides of this reaction. H2 + 02 - HZO
Mass of reactants: Mass of product:

The mass of the reactants and producg are not the
same, but the Law of Conservation of Mass says that
they must be. So we must balance the equation.

How to Balance 8 Chemical Equation
H2 + 02 i Hzo Not balanced: not
enough oxygens on
1. Count up the number of atoms of each element 2H 20 2Hand1 0O the product side.
on each side:

2. Put a coefficient in front of one of the molecules .
s o fow o Hy+0; = 2H0  otvwesnr

3. Recount and see if the reaction is balanced. 2ZH 20 4Hand20  onthe reacant side.

4. Put a coefficient in front of another molecule 2H2 + 02 — 2H 20 Balanced: equal

that .
at has too few atoms. number of atoms on

5. Recount and see if the reaction is balanced. 4H 20 4Hand2Q  Dothsides.

6. Finished.
- 2H; + 0, — 2H, 0 g ™

Balancing chemical equations can be a long process depending
on how difficult the equations are. Go step-by-step and eventu-
ally you will balance the equation.

Balance the following Chemical Equations
(put 1's if no other number is needed)

__Al+__Bn— _AlBn

_CHi+_ 03> __CO+_H0

__HCl+_CaCO;— __ CaCly+__CO»+__H0

www.aisd net/smurray Copyright © 2003, C. Stephen Murray
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Name:

Period:

The “Laws” and Principles of Chemical Reactions

Principle of Definite Proportions

Every compound exists in an exact formula in definite proportions. To make
water you need 2 hydrogen and 1 oxygen atoms, no more — no less. Though this

may seem simple, it is foundational to other principles of chemistry.

Chemistry: Magic or Science?

‘When baking soda and vinegar react the amount of product
seems to be smaller than the reactants. Did the chemicals
disappear? No, they simple fransformed. The chemicals
went somewhere. To investigate this transformation a closed

system is needed.

.
Closed system: Open systern:
products are trapped. products can escape.

Law of Conservation of Mass

Mass is never created or destroyed only transformed.

In the chemical reaction of baking soda
and vinegar bubbles form; meaning a gas
was created. If this gas is not captured, it
would seemn that the products weigh less
than the reactants. The Law of Conserva-
tion of Mass, however, (and logic) tell us
this is not true. So we must use a closed
system to “trap” the products.

The Chemical Reaction hetween Vinegar and Baking Soda
HC,H;0; + NaHCO; — NaC,H;0; + H,0 + CO,

Lab Safety: Wear safety goggles and

an apron during the experiment,

Vinegar Baking coduce Sodium
(Acetic Acid) Soda Acetate T+
Name these compounds
Prove it

Setup 1: Open Systerm:

50mL beaker with 5 g (appr. 1 tsp) baking soda;
50mL beaker with 20 mL vinegar.

Balance scale.

Complete weight of Setup 1
(including the beakers):

Pour the vinegar into the beaker with the baking soda.

Swirl the beaker to ensure that the reaction has gone to
completion (has finished).

Complete weight of Setup 1
(including the beakers):

Are the Initial and Final weights equal?

Why?

www.gisd.net/smurray

Setup 2: Closed Systern;

Balloon with 5 g (appr. 1 tsp) baking soda
Paperclip to clamp batloon.

125mL flask with 20 mL vinegar. Balance scale.

Tnitial weight of Setup 2
(including the beaker and balloon):

Pour the vinegar into the beaker with the baking soda.

Swirl the beaker to ensure that the reaction has gone to
completion.

Final weight of Setup 2
(including the containers):

Are the Initial and Final weights equal?

Why?

Copyright © 2003, C. Stephen Murray

Ch. 20:2
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MASS RELATIONSHIPS IN EQUATIONS Nome

A balanced equation can tell us the mass relatlonships involved in a chemical reaction,

Example 1: 2KClo, — 2KCI + 30,

How many grams of KCI are produced If 244 g of KCIO, decompose?
Solution: 1 formula mass of KCIO, = 122 g
1 formula mass of KCI = 74 g

244 g KCIO; x 2(74g)KCl = 148 gKCi
coefficients from equation 3 2(122 g) KGie;~

Example 2: N, + 3H, — 2NH, ®
How many grams of H are needed toreact with 56 g of N,?
Solution: 1 formula mass of N,=28g
1 formula mass of H2 =2g
S6gh; x 3(2g)H, =12g
1(28 g)N,

Solve the following problems.
1. 20, = 240 + O,

How many grams of water are produced from the decomposition of 68 g of HO,?

2. How many grams of oxygen are produced in the above reaction?

3. 2CH, + 70, — 4CO, + 6H,0
How many grams of oxygen are required fo completely react with 120 g of C,H,?

4. How many grams of CO, are produced in the above reaction?

5. 2KPO,+ 3MgCl, — Mg(PO,), + 6KCI
How much MgCl, is required to react exactly with 500 g of K,PO,?

o

How much KCI will be produced in the above reaction?
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CONSERVATION OF MASS Nome

In chemical reactions, mass is nelther gained nor lost. The total mass of all the reactants
equals the total mass of all the products. Atoms are just rearranged Into different
compounds.

Using this ideaq, solve the following problems,

1.

2KCIO, — 2KCI + 30,

If 800 g of KCIO, decomposes and produces 303 g of KCI, how many grams of 0,
are produced”

N, + 3H, — 2NH,

How many grams of H, are needed to react with 100 g of N, to produce 121 g of
NH,?

4Fe + 30, — 2Fe,O,

How many grams of oxygen are needed to react with 350 g of Iron to produce
500 g of Fe,0,?

CH, + 20, — CO, + 2H,0

16 g of CH, react with 64 g of O,, producing 44 g of CO,. How many grams of water
are produced’>

CaCO, — Ca0 + CO,

How much CQ, is produced from the decomposition of 200 g of CaCoO, if 112 g of
CaO are produced"

1 N S B B A B b AL 5 S B T e G L L B B
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K>S OBJECTIVE

STRUCTURES AND PROPERTIES OF MATTER

Changes in Matter

PHYSICAL AND CHEMICAL CHANGES IN MATTER

What happens when a candle burns? Over time the candle becomes shorter, wax
drips down the sides, and smoke wafts away. The wick turns black and crumbly.
The burning candle emits light and heat. What causes these changes?

A kind of chemical reaction called combustion takes place when a candle
burns. Most combustion reactions release energy while combining oxygen with
other elements. When the candle burns, the elements in the wax and wick com-
bine with oxygen in the air. The products of the reaction age carbon dioxide,
water vapor, and other gases. The reaction is a chemical cRange. In a chemical
change, elements recombine to form new chemical compounds with new and
different properties.

Look at Figure 14-1. What about that wax dripping down the sides of the can-
dle? Is that a chemical change? If you blow out the candle, the wax cools off and
solidifies again. The wax hasn’t changed in chemical composition, but it has
changed in state. The wax changed from a solid to a liquid, and back to a solid
again. This change of state is a physical change. In a physical change, the form of
a substance or even some of its properties may change, but its chemical composi-
tion—the way its atoms are put together—remains unchanged. The matter in-
volved in the change keeps its identity.

As you can see, more is going on with the candle than first meets the eye. The
same can be said about other changes in the world around you. Whether you look
at the weather, the human body, the surrounding landscape, or even your family
automobile, chemical and physical changes are happening everywhere.
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