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Chemistry: Form WS5.5.Z2A Name

CHEMICAL REACTIONS Date Period

Palaricirig Equatierss

During a chemical change, there is no change in mass. A 0
properly written chemical equation shows this. The equation “~
below is not properly written. It does not show conservation of Hi H
mass.

H,+ O,— H,0
2+32+# 18

The reason the equation doesn’t work is simple. There are two
- atoms of oxygen in the reactants, but only one in the product. If
two molecules of hydrogen react with a molecule of oxygen to
form two molecules of water, there are no atoms missing and '
mass is conserved. The number of molecules is shown with a

number to the left of the formula known as a coefficient. A 2H, + O, —= 2H,0
fficient beh lik Itiplier. 1 t to check 2 2 ;

coefficient behaves like a multiplier. It’s not necessary to chec —

the mass to get a properly written equation. Counting atoms is 2(2) +32 2(18)

sufficient. When the equation for the formation of water is written properly, 2H, + O, — 2H,0, there are 4 hydrogen atoms
and two oxygen atoms on both sides of the equation and the mass of the reactants is the same as the mass of the products.
Making the number of atoms equal on both sides of the equation is all that is needed. The process is called balancing.

Balance the equations below by writing the correct coefficient in the space before each formula. Coefficient
“1” need not be written.

1. H,+ ClL— _ HC

2. Ca(NO,y),+___ H,SO,—__ CaSO,+ _ HNO,

3. _ Fe+_ Cl,— _ FeCl,

4, Fe + 0,— Fe, O,

5. Zn + HCl—__ ZnClL+_  H,

6. Cu+ AgCH,COO — __ Cu(CH,CO0),+  Ag
7. ___HS0,+__ NaOH—__ NaSO,+  H,0

8. N, + H, — NH,

9. _ CH,+___ _0O,—___ CO,+___ H,0
10. S+ 0o, SO,

© Evan P. Silberstein, 2002



Balancing Equations Race

1) __ CaHg+__ 0> __ _COx+___HO

2) __ Al+__ FesNa> __ _AIN+___Fe

3) ___Na+__ Clo> __ NaCi

4) _ H02>_ HO+__ 0O

5) _ CeH10s+ ___ 0> HO0+___CO2

6) ___HO+__ _CO2>__ CyHg+__ 02

7) ___NaClOo3~> ___NaCl+__ 0O

8) _ (NH4)sPOs+ ___ Pb(NO3)s > ___Pba(POs)s+ __ NHsNO3
9) _ BFg+__ LipSO3> __ Ba(SOs)s+ ___LiF

10) _ CiHyp+__ 02> __ COx+___ HO

11) __ CaCOs+___ HsPOs> __ Cag(POs)a+ __ H,CO3
12)  AgS~>___ Ag+___ Ss

13) __ KBr+__ Fe(OH);> __ KOH+ __ FeBrs

14) _ KNOz+__ HxCO3> __ KoCOs+__ HNO;

18) __ Pb(OH)s+__ Cu0 > __ PbOy+_ CuOH

16) ___ Cr(NOg)+___ (NHg)2SOs> ___CrSOs+ ___ NH4NO;
17) ___ KOH+__ Co3(PO4)2 > ___ KsPOs+ __ Co(OH).

18) __ Sn(NO2)s+__ PtsNa> __ SnsNa+___ Pt(NO2)4

19) _ BBrg+___ HNO3> __ B(NOg)z+ __ HBr

20) _ ZnS+__ AP>__ ZnsPy+__ AlSs

http://www.chemfiesta.com
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Name: Date:

Balancing Equations

Balance the following chemical equations.

. Fe + _ HyS04 —>  Fex(SOs)s + _____
2. GHe + 0O -_ H,O +
3. _____  KOH + _ HPOy —> __ KsPOs +
4. 50 +  H > Sn +
5 ___ NHs + O -_— NO +
6. ___ KNOs +  HCOs —> __ KLCOs +
7. BBre + __ HNO; —> __ B(NOs); + ___
8. ___ BF + LSOy —> Bx(SO3)s +
9. ___ (NH43POs + _____ Pb(NO3)e4 —> ___ Pb3(PO4)sa +

10. _ SeCl + O —> _ 5e0; +
About Chemistry http://chemistry.about.com
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Name: Date:

Balancing Equations

Balance the following chemical equations.

1. __ CHs + 0 /> ____ CO +  HO
2. Na* + __a = NaCl

3. Al + 0 > ___ AlLOs

4. Ny* S e S NHs

5. ____ CO(g) -+ ____ Hyog) —> __ GeHis(D + ____ H.0
6. FeOs(s) + __ CO(g) —> __ Fe(l) + COx(g9)
7.  __ HSO4 A+ Pb(OH)s —> ____ Pb(SO4) + ____ H,O
8 Al S (O e AICl3 + Ha
9. __ Ca3(PO4)y + ___ HSOs —> ____ CaS04 + _ Ca(HPO4)2
10. __ HPOs + HCI @ —> _ PCls + H,O
About Chemistry http://chemistry.about.com
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Name: Date:

Balancing Equations

Balance the following chemical equations.

1. sy o+ HO() —> ___ SiOy(s) + _ HCi(aq)
2. ____  As +  NaOH —> NasAsOs + _ Ho
3. Awss o+ R -_ Au + _ HS
4. _V0s o+ HCIL —> _ VOCh +  HO0
5. ___ _Hg(OH), + ____ HPOs —> Hgs(PO4), + ___ HO
6. SO + _ HF > SiF4 + _ HO
7. In + HaO —> ____ InCh + __  H
8. ___ Haos + ____ PsOun0 —> H3PO4 + CLO7
9. N9y o+ Og) +__  HO —>___ HNOs(aq)
10. __ NHNO3 —> N + 0} + _ HO
About Chemistry http://chemistry.about.com
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WORD EQUATIONS Name

Write the word equations below as chemical equo‘fions and balancse.

1. zinc + lead () nitrate yield zinc nitrate + lead

2. alurpinum bromide + chiorine yield aluminum chioride + bromine

3. sodium phosphate + calcium chloride yield calcium phosphate +
sodium chloride

4. potassium chlorate when heated yields potassium chlotfide + oxygen gas

5. aluminum + hydrochloric acid yield aluminum chloride + hydrogen gas

6. calcium hydroxide + phosphoric acid yield calcium phosphcn‘e + water

7. copper + sulfuric acid yleld copper (i) sulfate + water + sulfur dlioxide

8. hydrogen + ni‘rrogen monoxide yield water + nitrogen

Chemistry IF8766 59 ®instructional Falr, Inc



Word Equations
Write the word equations below as chemical equations and balance:
1) Zinc and lead (Il) nitrate react to form zinc nitrate and lead.

2) Aluminum bromide and chiorine gas react to form aluminum chloride and
bromine gas.

3) Sodium phosphate and calcium chioride react to form calcium phosphate
and sodium chloride.

4) Potassium metal and chiorine gas combine to form potassium chioride.

5) Aluminum and hydrochloric acid react to form aluminum chloride and
hydrogen gas.

6) Calcium hydroxide and phosphoric acid react to form calcium phosphate
and water.

7) Copper and sulfuric acid react to form copper (1) sulfate and water and
sulfur dioxide.

8) Hydrogen gas and nitrogen monoxide react to form water and nitrogen
gas.

WKS001x020 ® 2000 Cavalcade Publishing (http://www.cavalcadepublishing.com) All Rights Reserved
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NAME: DATE:

To React or Not To React!

Introduction:

A chemical reaction is a process that leads to the transformation of one set of chemical
substances to another. Classically, chemical reactions encompass changes that strictly involve
the motion of electrons in the forming and breaking of chemical bonds, although the general
concept of a chemical reaction, in particular the notion of a chemical equation, is applicable to
transformations of elementary particles, as well as nuclear reactions.

A chemical equation is a way to describe what goes on in a chemical reaction, the actual change
in a material. Chemical equations are written with the symbols of materials to include elements,
jonic or covalent compounds, aqueous solutions, ions, or particles. There is an arrow pointing to
the right that indicates the action of the reaction. The materials to the left of the arrow are the
reactants, or materials that are going to react. The materials to the right of the arrow are the
products, or materials that have been produced by the reaction. The Law of Conservation of
Mass states that in a chemical reaction no mass is lost or gained. The Law of Conservation of
Mass applies to individual types of atom. One could say that for any element, there is no loss or
gain of that element in a chemical reaction.

There are so many chemical reactions that it is helpful to classify them into 5 general types
which include the following:

SYNTHESIS REACTION
In a synthesis reaction two or more simple substances combine to form a more complex
substance. Two or more reactants yielding one product is another way to identify a synthesis

reaction.

A general chemical equation for a synthesis reaction looks like:

A+B > AB

DECOMPOSITION REACTION

In a decomposition reaction a more complex substance breaks down into its more simple parts.
One reactant yields 2 or more products. Basically, synthesis and decomposition reactions are
opposites.

AB-> A+B

@5



SINGLE REPLACEMENT REACTION

In a single replacement reaction a single uncombined element replaces another in a compound.
Two reactants yield two products.

A+BC>AC+B

DOUBLE
REACTION

REPLACEMENT

In a double replacement reaction parts of two compounds switch places to form two new’
compounds. Two reactants yield two products. For example when silver nitrate combines with
sodium chloride, two new compounds--silver chloride and sodium nitrate are formed because the
sodium and silver switched places. The chemical equation for this double replacement reaction
looks like:

AB + CD > AD + CB

COMBUSTION
A combustion reaction is when oxygen combines with another compound to form water and

carbon dioxide. These reactions are exothermic, meaning they produce heat. An example of this
kind of reaction is the burning of methane:

CH,; (g) + 20,(g) @ COx(g) + 2H,0(g)




Problems:

Chemical reactions, also called chemical changes, are not limited to happening in a chemistry
lab. Here are some examples of chemical reactions with the corresponding chemical equations.
Complete, Identify and balance the type of chemical reaction.

1) A silver spoon tarnishes. The silver reacts with sulfur in the air to make silver sulfide, the
black material we call tarnish.

Ag+ S—> AgZS

2) An iron bar rusts. The iron reacts with oxygen in the air to make rust.

Fe+ O,— Fe)Os; Product name:

3) Propane in a gas grill burns. Propane combines with oxygen in the air to make carbon
dioxide and water vapor.

CHg + 0,— CO,+ HO

4) An antacid (calcium hydroxide) neutralizes stomach acid (hydrochloric acid).

Ca(OH), + HCl—> CaCl,+ H,0

5) Glucose (simple sugar) ferments to ethyl alcohol and carbon dioxide. The sugar in grapes or
from grain ferments with yeast to make the alcohol and carbon dioxide. The carbon dioxide
is the gas that bubbles out of beer or Champaign.

C6H1206 —> C2H50H+ C02

6) NaOH+ KNO; > +
7) Fe+ NaBr--> +
4) CaSO;+ Mg(OH), --> +

5) NH,OH+ HBr--> H0+ NHBr

6) Pb+ O,--> PbO,

7) Na2C03 - N8.20+ C02

g) HNO; > N,05+ H0




9) C&Clz + K2C03 ') +

1HClL + KI = +

12) Fe,03+ C > CO, + Fe

13) P+ CL-> PCl

14) H202 "'} H20+ OZ

15) CHg + O, > +

Questions:

Based your answers to questions 1 and 2 on the following equation:

K+ Sg 2 K,S
1) What type of reaction?
(1) Synthesis
(2) Decomposition
(3) Combustion
(4) Single Replacement
2) Interms of the number of atoms describe how this reaction obeys the law of conservation of
mass.

3) Interms of elements describe how a chemical reaction differs from a nuclear reaction.

Reflection:

In your own words describe each type of reaction.
Synthesis

Decomposition

Single Replacement

Double Replacement



Six Tvpes of Chemical Reaction Worksheet

Balance the following reactions and indicate which of the six types of chemical
reaction are being represented.:

1) NaBr + Ca(OH), > ___ CaBrz + NaOH

Type of reaction:

2) NHs+ H,804 = (NH4)QSO4

Type of reaction:

3) CsHgO + 0, > CO, + H.O

Type of reaction:

4) Pb + HsPO4 = Ha + Pb3(POs)2

Type of reaction:

5) LisN + NHsNO; = o LINOs + (NH4)3N

Type of reaction:

6) HBr+ _ AIOH)s> _ H,O+___ AlBrs

Type of reaction:

7) What's the main difference between a double displacement reaction and
an acid-base reaction?

8) Combustion reactions always result in the formation of water. What other
types of chemical reaction may result in the formation of water? Write
examples of these reactions on the opposite side of this paper.

For chemistry help, visit www.chemfiesta.com ® 2001 Cavalcade Publishing All Rights Reserved
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Predicting Reaction Products

Balance the equations and predict the products for the following reactions:

1) Na + FeBrz 2

2) __ NaOH+____ HxSOs~>
3) _ CHO+ O

4) __ NHz+___ HO-

5) __ PbSO4+___ AgNO; >
6) ____PB=>

7) ___ _HBr+___ _Fe=~

8) __KMnO4+___ ZnCl >
9) _ MnO;+___ Sn(OH)s >
10) O, + CsH1202 =
1) _ H02=

12) __ PtClh+__ Ch~>

WKS001x036 © 2000 Cavalcade Publishing (hitp:/iwww.cavalcadepublishing.com)
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Double Displacement Reactions

Indicate which of the following double displacement reactions will go to
completion, and circle what the product of the reaction will be (if any). You may
want to consult a list of Ky values to solve these problems.

1) ___NaOH+___CaBrp >
2) ____Pb(NO3); +__HCI=>
3) _ _Na,COsz+__ KF=>

4) ___AgNOz+__ CuSO4~>
5) ___AgF+___ NiCl,=>

Will this reaction occur?

Will this reaction occur?

Will this reaction occur?

Will this reaction occur?

Will this reaction occur?

6) Devise a method for making silver chromate, given any two other jonic
compounds. Write the equation here:

7) On the opposite side of this page, indicate how much of each reagent you
would require to make 100 grams of silver chromate.

For chemistry help, visit www.chemfiesta.com
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Reaction Products Worksheet

For each of the following reactions, determine what the products of each reaction
will be. When you have predicted the products, balance the equation and use a
table of solubility products to determine which of the products (if any) will
precipitate. Assume all reactions take place in water.

1) __ Ca(OH)p+___ HF->

2) __ Pb(NOg)2+ ___ KoCrOs=>
3) _ NaGpHs0p+___ HoSOs~>
4) ___ Cu(OH)p+____ HsPOs~>
5 _ AgNOs+____ NaCOz~>
6) __ Zn+__ HCOz>

7) Pb(OH)2 + Hg,S -

For chemistry help, visit www.chemfiesta.com © 2001 Cavalcade Publishing, all rights reserved




Worksheet: Writing Equations

Write equations for the following reactions:

1) The reaction of ammonia with iodine to form nitrogen triiodide (Nl3) and
hydrogen gas.

2) The combustion of propane (C3Hs).

3) The incomplete combustion of propane to form CO and water.

4) The reaction of nitric acid with potassium hydroxide.

5) The reaction of copper (1) oxide with hydrogen to form copper metal and
water.

6) The reaction of iron metal with oxygen to form iron (l11) oxide.

7) The complete combustion of 2 2-dimethylpropane (C4Hio) in oxygen.

8) The reaction of AlBrs with Mg(OH),

9) The decomposition of hydrogen peroxide to form water and oxygen.

10)  The reaction of ammonia with sulfuric acid.

WKS001x030 © 2000 Cavalcade Publishing (http://www,cavaIcadepublishing.com) All Rights Reserved



Name

Class Date

Activity 3-11

Practice Drill: Chemical Equations

Complete and bala
of each equation, identify the categor

nce the following equations for chemical reactions. In the space at the right
y of reaction. Use:

SYN—synthesis
DEC—decomposition
SR—single replacement

1. ____Als) + . Br(g) — | P
2. O+ -~ ___Fe,0:(5) 2
3. 7n(s) + —HClag) -~ + 3.
4, ___Mg +_ HPO, — + 4,
5. NH.OH(aq) — ___NHi(@ + 5
6. _ _ALOs(s) — __Als) + 6.
7. ____KClOs(s) — O+ y R
8. K@)+ _____HOH® - + KOH(aq) 8
9, ____Ba(s) + — ____Ba:Nu(s) 9,
10. ____Cu(s)+ - Cu,S(5) 10, .

Complete and balance the foll

11

12.
13.
14,
15.
16.
17.
18.
19.
20.
21.

22.
23.
24.

To which category do all these reactions belong?

. ___Alli(ag) +
FeCl;(aq) + .__.-H:!POA (aQ)
SnCli(aq) +

owing equations for chemical reactions.
HgCl(ag) —

+

—

____CaBry(ag) + —KOH(ag)
_____AgNOs(ag) +

—

+

— ____NH.Cl(aq) +
+

SnSz(S)

— ___ _AgPOL) + ____KNOs(aq)

+ Ba(OH)(aq) — ____AI(OH):(s) + __BaCl(aq)

- CaCOs(s) + ___NaGH;0.(a9)

Ca(C;Hi0:):(aq) +

+

____Hg:(NOs)(aq) +

__ K.SOs(aq) + ____ HNOs(ag)—
+ HNO,(ag) — — Ca(NOs):(aq) + —— H.0()

— Na,PO.@q) + ZnS0, (ag) — +
Ba(C10:):(ag) + _____Na;S(aq)— +
+ AICL(aq) ~ —KClag) + ___ AL(CrOa)s(s)
___ (NH.).COslag) + ____NaOH(@@g) - + NH.(g)

+ i H.0()

(ag) — Hg:L(s) + - NaNOs(ag)

111




Write balanced chemical equations for each of the following double replacement réactions.

25. calcium iodide + sulfuric acid —

F,

26. manganese sulfide + lead (IV) chloride —

27. potassium hydroxide + iron (111} chloride —

28. zinc bromide + sodium carbonate —

29. calcium hydroxide + mercuric chloride —

30. barium carbonate + sulfuric acid —

31. potassium hydroxide + ammonium sulfate —

32, sodium sulfite + hydrogen chloride —

12




A Vovage through Equations

After working on this worksheet, you should be able to do the following:

1)
2)

Given an equation, you should be able to tell what kind of reaction itis. -

Predict the products of a reaction when given the reactants.

Section 1: ldentify the type of reaction

For the following reactions, indicate whether the following are examples of

synthesis, decomposition, combustion, single displacement, double

displacement, or acid-base reactions:

1)
2)

10)
11)
12)
13)

14)

NasPO, + 3 KOH - 3 NaOH + K3PO4

MgCl; + LioCO3 > MgCO;s + 2 LiCl

C6H12+902')6C02+6H20

Pb + FeSO4 > PbSO, + Fe

CaCO; 2> Ca0O + CO;

Pat 30, 2P03

2 RbNOj; + BeFz = Be(NOs), + 2 RbF

2 AgNO; + Cu =2 Cu(NOgs), + 2 Ag

CsHgO +4 02 > 3C0O2+ 3 H0

2 CsHs + Fe > Fe(CsHs)2

SeClg + O, - Se0, + 3Cly

2 Mg|2 + Mn(SO3)2 > 2 M9803 + Mnly4

O; >0 +0

2NO; > 20+ N,

WKS001x002 © 2000 Cavalcade Publishing (http:/iwww.cavalcadepublishing.com)
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Section 2: Practicing equation balancing

Before you can write a balanced equation for a problem which asks you fo

predict the products of a reaction, you need to know how to balance an equation.
Because some of you may not fully remember how to balance an equation, here
are some practice problems:

1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)
14)

15)

__CeHe+__ 02> __ HO+__CO:
__Nal+__Pb(SO4)2> __Pblg+ __NaySO4
__NHz+__0Op>__NO+__HO
__Fe(OH); > ___FexO3+ _ HO

__HNOs +__Mg(OH)2 > __H20 +_ Mg(NOs)2
__HsPO4+ __NaBr-> __ HBr+__ NasPOs
__C+__Hy> __ CsHs
__CaO+__Mnly> __MnOx+__ Calz
__FeyOs+__ H,O~> _ Fe(OH);
__CoHa+_ Ha> __CaHe
__VFs+__HI> _ Vay+ __HF
__0sO4+__ PtCly> ___PtO2+__ OsClg
__CF4+__Brp>__CBry+__Fo
__Hgalo+__ 02> __HgO+_ 12

__Y(NO3)z+__GaPOs > __YPOs+ __ Ga(NOa),

WKS001x002 © 2000 Cavalcade Publishing (http://www.cavalcadepublishing.com)
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Section 3: Predicting the products of chemical reactions

Predict the products of the following reactions:

1)  _Ag+__CuSOs~>

Type:
2) __Nal+__CaCla >

Type:
3) O+ __H2=

Type:
4) __HNO; + __Mn(OH)2 »

Type:
5) __AgNO, + __BaSO4 =

Type:
6) __ HCN+__ CuSOs~>

Type:
7) _ _HO+__ Agl~>

Type:
8) __HNO3; + __Fe(OH)3 =

Type:
9) __LiBr+ __Co(S03)2 =2

Type:
10) __ LiNOsz+ __Ag=>

Type:
WKS001x002 © 2000 Cavalcade Publishing (hitp://www.cavalcadepublishing.com) All Rights Reserved
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11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21)

22)

_Np+__ O

Type:
__H,CO3=>

Type:
__AClz3+__Cs =

Type:
. AI(N03)3 + Ga=~>

Type:
__HySO4+ __ NHOH =

Type:
__ CH;COOH+ __ 0Oz~

Type:
_ C4Hg+__ 02>

Type:
__KCI'+__Mg(OH)2 >

Type:
__Zn+__ Au(NO2)2 2

Type:
__KOH + __H2SO4 =

Type:
__BaS+__ PtCl >

Type:
_ Na,0 -

Type:

WKS001x002 © 2000 Cavalcade Publishing (http://www.cavalcadepublishing.com)
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Chemistrg: Form WS5.7.1A Name

CHEMICAL FORMULAS AND EQUATIONS Date Period

Stechiometric Reelatioriships

Calculations based on quantitative relationships in a balanced chemical
equation are called stoichiometry. Stoichiometric calculations are based on
several assumptions. It is assumed that the reaction has no side reactions, the
reaction goes to completion, and the reactants are completely consumed. One
type of problem that can be solved stoichiometrically is based on the mole
ratios of a balanced equation. A sample problen is shown below.

a Sample Problem
How many moles of oxygen are consumed when 0.6 moles of hydrogen
burns to produce water?

2HiG)  * Ofg) —2HO

Step 1: Write a balanced equation and
determine the mole ratios from | mole 2 1
the equation ratio

known |unknown

Step 2: Identify the known and the |moles

unknown 06 X

Step 3: Set up a proportion and solve . 2 _1_
for the unknown 0.6mol  x

e 2x=0.6mol

x = 03mol

Answer the questions below using the procedure described in the sample problem above.

1. How many moles of oxygen will be produced from the decomposition of 3 moles of KCIO,?
__KCIO, — __KClI+ 0,

2. How many moles of Zn will be needed to completely react with 0.4 moles of HCI?
_Zn + __HCl— __ZnCl, + _H,

W



Chemistrg: Form WS5.7.1A Stochiometric Relationships

CHEMICAL FORMULAS AND EQUATIONS Page 2
/
3. How many moles of oxygen will be needed to completely oxidize 4 moles of CH,?
__CH, + _ 0, — __CO, + __H0
4. How many moles of hydrogen will be needed to react with 2 moles of nitrogen according to the following?
_N, + _H, = _NH
5. Using the above reaction how many moles of NH, will be formed if 18 moles of H, is used?
6. How many moles of sulfur will be needed to oxidize 3 moles of zinc to zinc sulfide?
_Zn + I e __ZnS
7. How many moles of silver chloride will be produced if 2 moles of silver is allowed to react with an

unlimited amount of chlorine?

Agt+  _CI = __AgCls)

© Evan P. Silberstein, 2002

J



Chewmistry: Form WS5.11A Name

FORMULAS and EQUATIONS Date Period

Mass/Mass Prebleims

With a balanced equation, a Periodic Table, and CRAMS GRAMS
some knowledge of chemistry, you can figure out )
how much of any product will form from a given
amount of reactant. Consider the following problem:

(Reactant)

(How much oxygen is needed to produce 27.0 g of waterby Y
buming hydrogen?

Step 1: Wiite a balanced equation - TV L x GMV :
2H,+0,— 2H,0 o
Step2: Calculate the GEM of the kniown ang unknown. LITERS Moles Moles LITE
0O CORFFICERt e ™ COBFICENE g
ER VIR m (Reactant) {Roocunts Produen (Product)
O0=16x1=16 ) . . .
8 You will notice that, in applying the factor label method,

Step 3:  Apply the factor labe! method
Imolg, 1Imoly,  32g,,

27 X X X =24
B0 X 8gno | 2moly,  Imolg oo

you are first converting grams of the known to moles, then
moles of the known to moles of the unknown using a
proportion from the coefficients of the balanced equation,
and, finally, moles of the unknown to grams as shown
above. You can use the equations above instead of using
the factor label method.

Calculate the amount of material asked for in each of the following. A balanced equation is provided:
1. How many grams of oxygen will be produced from the decomposition of 244 grams of KCl10,?

2KCIO, - 2KCl + 30,

2. How many grams of Zn will be needed to completely react with 72 g of HCI?

Zn + 2HCl -  ZnClL, + H,

3. How many moles of oxygen will be needed to completely oxidize 64 g CH,?

CH, + 20, — CO, + 2H0

B



Chesmistry: Form WS5.11A Mass/Mass Problems

FORMULAS and EQUATIONS Page 2

e e e ]

4, How many grams of hydrogen will be needed to react with 56 g of nitrogen according to the following?

N, + 3H, — 2NH,

5. Using the above reaction how many grams of NH, will be formed if 36 grams of H, is used?

6. How many grams of sulfur will be needed to oxidize 195 grams of zinc to zinc sulfide?

Zn + S - ZnS

7. How many grams of silver chloride will be produced if 216 grams of silver is allowed to react with an unlimited
amount of chlorine?

Agt  + crr - AgCl(s)

© Evan P. Silberstein, 2004




Name Class__. Dbateoooe

Mole and Mass Relations in Chemical
Reactions

Mole ratios

In the laboratory or in commercial processes, the chemist or engineer must often find the
quantity of one Of more products that can be obtained from a given quantity of reactants.
In order to solve any problem related to a chemical reaction, we must start with a balanced
chemical equation. In this reaction

CH.(g) + 20:(g) — CO:(®) *+ 2H,0(g)

one mole of methane (CHJ) and two moles of oxygen react O produce one
mole of carbon dioxide and two moles of water. Thus, the reaction can be
restated as

one reacts f two to one wo
(mole) CHAE) i (moles) Gl yield (mole) COg) and (moles) H,0(2)

A balanced chemical equation can be used to obtain mole ratios for any two substances taking
partin the reaction. For example, the ratio of CH. to O: inthe above reaction is

1 mole CH,
2 moles Os

1. For theabove reaction, write the mole ratios of:
a. CHA to CO; b. 01 o COz C. CHA 1o H;O d. 01 to HZO
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Mass-mass problems
Mole ratios in reactions are used in solving problems that deal with mass-mass relations.

Sample Problem 1 In the reaction
4Fe + 30: — 2Fe,0;
84.9 grams of Fe reacts. What mass of O, will react?

Solution
1moleFe , 3 moles Oz 32.080: _ 365g O:

g 2EXE =

84.9 g Fe X
55.8 g Fe 4 moles Fe 1 mole O

Sample Problem 2 In the reaction above, what mass of Fe is required to produce 11.7 grams of
FC;O;?
Solution 1 mole Fe,0 5.8 g F

mole Fe.0, 4 moles Fe % 2 g Fe _ g16gFe

11.7 g Fe,05 X
160 g Fe.O; 2 moles Fe;0s 1 mole Fe
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Practice problems

Solve each of the following problems. In the space below each problem, show a labeled setup.
Do any necessary arithmetic on scrap paper. Write your answer in the space at the right.

1. Inthereaction
2KCl0; — 2KCl + 30,
8.20 g KCIO, reacts. Calculate the following:
a. the mass of KCl produced . 1. a.

b. the mass of O, produced b.

2. In the reaction
P‘ + 501 haad P4OIO
7.75 g P4 reacts. Calculate the following:
a. the mass of POy produced 2. a.

b. the mass of O, that reacts b.

3. Inthe reaction

Csle + 801 — 5C01 +6H20
109 g CsH,; reacts. Calculate the following:

a. the mass of O, that reacts 3. a. ,
b. the mass of CO; produced b e
¢. the mass of H;O produced c.
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4. Inthereaction
AL(SO.)s + 6NaOH - 2Al(OH); + INa, S0,

22.7 g NaOH reacts. Calculate the following:
a. the mass of Al(SO.), that reacts 4. a.

b. the mass of A(OH), produced b.

c. the mass of Na,SO. produced e o
5. Inthe reaction
3Cu + 8HNO; — 3ICu(NO,);, + 2NO + 4H,0
11.3gNO s produced. Calculate the following:
- a. themassof Cu that reacts 5. a. -
b. the mass of HNO, that reacts T ——
¢. the mass of Cu(NOs): produced C o
d. the mass of H,O produced d.

For 6-10, write your own balanced equation as the first step in solving the problem.

6. When butane,C.Ho, burns in oxygen, the products are carbon dioxide
and water, What mass of carbon dioxide will be produced when 4.42kg

of butane is burned in excess oxygen?
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7. Sodium oxide reacts with water to produce sodium hydroxide. What
mass of sodium oxide must be used to produce 275 grams of sodium
hydroxide? . 7.

8. Aluminum reacts with hydrochloric acid to produce aluminum chloride
and hydrogen gas. What mass of hydrochloric acid reacts when 87.7
grams of aluminum dissolves in excess hydrochloric acid? 8.

9. When a solution of barium chloride is mixed with a solution of sodium
phosphate, a precipitate of barium phosphate is produced. The amount of
barium chloride present in a given barium chloride solution is 62.9 grams.
If this solution is added to a solution containing excess sodium phosphate,
what mass of barium phosphate will be produced? 9._

10. When magnesium burns in pure nitrogen gas, magnesium nitride is
formed. What mass of magnesium must be provided in order to
produce 1.19 grams of magnesium nitride? : | (o
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STOICHIOMETRY:
MIXED PROBLEMS
1. N, + 3H, — 2NH

What volume of NH, at STP is produced if 25.0
of H,? :

g of N, Is reacted with an excess

2. 2KCIO, = 2KCl + 30,

If 5.0 g of KCIO, is decomposed, what volume of 0, is produced af STP?

| 3. How many grams of KC! are produced in Problem 27

4. In + 2HCl — InCl, + H,

What volume of hydrogen at STP is produc
excess of hydrochloric acid?

ed when 2.5 g of zinc react with an

5. HSO, + 2NaOH — HO + NaSO,

How many molecules of water are produce
produced In the above reaction?

d if 2.0 g of sodium sulfate are

6. 2AICI, — 2Al + 3C,

If 10.0 g of aluminum chloride are de
are produced?

composed, how many molecules of Cl,
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Chesistry: Form WS5.12.1A Name

CHEMICAL FORMULAS AND EQUATIONS Date Period

w
Linmibitkg Regacharits

You drop a piece of zinc into a beaker of hydrochloric acid. It begins
to bubble furiously, but eventually it stops. You drop another piece of &
zing into the acid. The bubbling begins anew, but again it stops. This e
time, you add more hydrochloric acid. Nothing happens. Obviously, E
each time the reaction stopped it was because you ran out of zinc.
There was always plenty of hydrochloric acid. In fact, there was an |
excess of the acid. Zinc, on the other hand, was a limiting reactant. The |
reactant that is consumed first limits the amount of product that is
produced, and is called a limiting reactant. The balanced equation
predicts the amounts of reactants needed to completely consume each
other (stoichiometric quantities). If any of the reactants is in excess, the
other(s) is (are) limiting reactants.

In stoichiometry problems where the amount of only one of the iy
reactants is given, it is assumed either that there are stoichiometric £\ L e
amounts of all the reactants and products, or, at the very least, that all ts in the realworld.
of the reactant for which the amount is specified is consumed because
it is the limiting reactant. For problems in which the amount of more than one reactant is specified, you need to consider that
there may be a limiting reactant. If there is a limiting reactant, you need to know which one it is and use it for your
calculations, because excess, unconsumed reactants do NOT produce any product.

Toidentify the limiting reactant: [1] Write a balanced equation; [2] Calculate the number of moles of each of the reactants
present; and [3] Divide the number of moles of each reactant by its stoichiometric coefficient. The smallest number
corresponds to the limiting reactant. Once the limiting reactant is identified, stoichiometry problems are done as usual using
the amount of the limiting reactant.

( Sample Problem
How much ammonia is formed from 25.0 kg of nitrogen and 5.00 kg of hydrogen? How much material is unreacted?
Step 1: Wiite the bafanced equation

N,{g) + 3H,{g) — 2NH,(g)
Step 2: Calculate the number of moles of each of the reactants present.

Imol ,
1000g)( Imoly, | _ ) 5.00kg )(%)(—“&-)ﬂwxm’mol
(2s0%en, )(ﬁz'g—)[m -s93x10mol,, (30080 Tag 20, &

Step 3: Divide the number of moles of each reactant by its stoichiometric coefficient. The smallest number corresponds to the limiting reactant.
893 %10 mol,, 248x10°mol,,

Limiting rea

=893 x10%mol,,, =825x10* mol,, H, is limiting

Step 4: Use the llmiting reactant fo complete the calculation.

2mol 17.0
(248x10°mol,, ) —— Sy ( Lkg ):Zs.lkg,w
A 3moly, N\ 1moly, J\1000g ’

Step 5: Calculate the amount of unreacted material by calculating the stoichiometric amount that reacted and subtracting it from the initial

1mol,, (280
(2.48x103moly) ik L ( lkg ):.-23.1ng,
*\ 3mol,,, )\ 1mol, J\1000g :

250kg,, ~23kgy, =19kg,,

(CONTINUED ON THE NEXT PAGE)
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Answer the questions below based on the preceding example. (NOTE: Equations provided may not be balanced.)

1. How much pure iron can be extracted from 250. kg of iron III oxide when it reacts with 148 kg of carbon monoxide?
What is in excess, and by how much? [Fe,0, + CO — Fe + CO,]

2. Salicylic acid (C;H/O,) reacts with acetic oy o O™
anhydride (C,H(0,) to form aspirin (C;H,0,) i . o [
and acetic acid (C,H,0,). How much aspirin "\ & _-* i i I N 1
forms from 25.0 g of salicylic acid and 25.0 g TI T . H‘,;/"\t,/c\c,ﬁ—-”—" I | I e ™S
of acetic anhydride? What is in excess, and by ,~“~\#°~, WIS
how much? | |

[C;HLO; + CH{O; = CgH;0, + C;H,0,].

3, How much copper will precipitate when 10.0 g of granular zinc are added to solution containing 16.0 g of aqueous copper
11 sulfate? What is in excess, and by how much? [Zn(s) + CuSO,(ag) — ZnSO,(aq) + Cu(s)}
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STOICHIOMETRY: Name

LIMITING REAGENT
1. N, +3H, — 2NH, ,
How many grams of NH, can be produced from the reaction of 28 gof N, and
25 gofH,?
5 How much of the excess reagent in Problem 1 s left over?
-
3. Mg + 2HCI — MgCl, + H,
What volume of hydrogen at STP is produced from the reaction of 50.0 g of Mg and
the equivalent of 75 g of HCI?
4. How much of the excess reagent in Problem 3 Is left over?
5. 3AgNO, + Na,PO, — Ag,PO, + INaNO,
Silver nitrate and sodium phosphate are reacted in equal amounts of 200. g each.
How many grams of silver phosphate are produced?
6. How much of the excess reagent in Problem 5 is left?
Chenmistry [F8766 66 ©instructional Falr, Inc. -
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Chemistry: Form WS5.13.1A Name

CHEMICAL FORMULAS AND EQUATIONS Date Period

M

Perezrst Yiegld

You are making chocolate chip cookies. The recipe calls for two eggs
to make 2% dozen cookies. You have only one egg. There is no choice

Chocolate Chip Cookles
{makas 2¥, dozen cockles)

3 cups flour

1Y/, teaspoons salt

1 teaspoon baking soda

1/, taaspoon baking powder
3, cup unsaited butler

4 cup dark brown sugar

1/, cup white sugar

1 fablespoon vanilla extract
2eggs

2 tablespoons com syrup

1 tablespoon haif-and-haif
2 cuips chocolate chips -

In chemical reactions,
complications. The theoretical yield is the amount of product
is the maximum amount of product that can be produced. The ac
yield called the percent yield.

but to make half a recipe. The next
problem is that your oven doesn’t heat
evenly, so the cookies towards the bac

are always better done than the ones in

front. You pop them into the oven an

 hope for the best. In the end, the three |
cookies in the back row are burnt beyond
recognition, but the rest are good. By |
 scaling back the recipe, you could have |
theoretically anticipated having 15
cookies, but you only have 12 that are |

edible. Your yield is only 80 percent of
what you anticipated. The same thing
happens in chemistry.

) {don't
understand how you
can just Zip through a yleld
sign fike that without even

w,,slowing downl!

@ ou )
can'l expect 100

percent yleld.

AR AR

Why at

percent yield =

Sample Problem

H, is limiting

35.7kg ey on
68.2kgcy0n

kg

actual yield
theoretical yield

x 100

ms make notoriously poor drivers.

the actual yield is usually less than the theoretical yield due to side reactions and other
formed when the limiting reactant is completely consumed. It

tual yield is often expressed as a percentage of the theoretical

If 68.5 kg of CO reacts with 8.60 kg of H, to produce 35.7 kg of CH,0H, what is the percent yield?

Step 1: Write a balanced equation.
2H,{g) + CO(g) — CH,OH(¢)

Step 2: [dentify the limiting reactant

1mol 426 x10°mol
(8.60kg, ) 1000g | = 426x10*mol, . = 213x10°mol,,
BN\ kg N 2028y, : :
3
(68.5kg60{1000g)( Imolgo ) =245% 10’ molg, 245x107mole _ 45 107 molg,
lkg /\280g 1

Step 3: Use the limiting reactant to complete the calculation of the theoretical yield

tmol 3204
(426x10°mol,, )| == B on ( ) = 68.2kg cyon
2moly, Imoley oy J\1000g

Step 4: Calculate the percent yield
x100=52.3%

(CONTINUED ON THE NEXT PAGE)
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Calculate the percent yield in each of the problems below, (NOTE: Equations may not be balanced.)

1. 3.25x10° kgofiron 111 oxide are treated in a blast furnace with 1.50 x 10° kg of carbon monoxide to form 1.30 10°kg
of pure iron. [Fe,0, + CO —* Fe + CO,). What is the percent yield?

2. 6.16 x 10%kg of nitrogen are reacted with 1.7 5 x 10? kg hydrogen under conditions of high temperature and pressure in
the presence of a catalyst to produce 1.12 x 10% kg ammonia. [N, + H, = NH,] What is the percent yield?

3. The explosive, ammonium nitrate, is produced by reacting ammonia with nitric acid (HNO,). [NH; + HNO; - NHNO;]
1475 kg of ammonia are reacted with 1,060 kg of nitric acid to produce 1 150 kg of ammonium nitrate, what is the percent
yield?
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