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lllustrate relationships can be derived from a balanced chemical equation

Table 1 Relationships Derived from a
Balanced Chemical Equation

4Fe(s) + 30;(a) — 2Fe;04(s)
iron + oxXygen — iron{lll) oxide
4 atoms Fe + 3 molecules O, — 2 formula units Fe;04
4 mol Fe + 3mol 0, — 2 mol Fe,04
2234 gFe + 96.009 0, 4 319.4 g Fe,0,4

319.4 g reactants ~ 319.4 g products

1 Ja + 1 Jadadl + LS e

Textbook + table 1 + example 1




The balanced chemical equation for the chemical reaction shown
in Figure 1 is as follows.

4Fe(s) + 30,(g) — 2Fe;05(s)

You can interpret this equation in terms of representative particles by
saying that four atoms of iron react with three molecules of oxygen
to produce two formula units of iron(Ill) oxide. Remember that
coefficients in an equation represent not only numbers of individual
particles but also numbers of moles of particles. Therefore, you can
also say that four moles of iron react with three moles of oxygen to
produce two moles of iron(Il) oxide.

The chemical equation does not directly tell you anything about
the masses of the reactants and products. However, by converting the
known mole quantities to mass, the mass relationships become
obvious. Recall that moles are converted to mass by multiplying by
the molar mass. The masses of the reactants are as follows.

) 2 SIEF = 2234 gF

4 1 = 2234 g Fe

3mnl-95><312mg02-%.00g02
2

The total mass of the reactants is: (2234 g + 96.00 g) = 3194 g

Similarly, the mass of the product is calculated as follows:

7 1l . ]59? g FE'EO}

3
Note that the mass of the reactants equals the mass of the product.

=3194¢

mass of reactants = mass of products
3194 g=3194¢

As predicted by the law of conservation of mass, the total mass of the
reactants equals the mass of the product. The relationships that can
be determined from a balanced chemical equation are summarized

in Table 1.

READING CHECK List the types of relationships that can be derived from the
coefficients in a balanced chemical equation.



EXAMPLE 1

INTERPRETING CHEMICAL EQUATIONS The combustion of propane (CzHg) provides
energy for heating homes, cooking food, and soldering metal parts. Interpret the equation
for the combustion of propane in terms of representative particles, moles, and mass. Show

that the law of conservation of mass is observed.

El ANALYZE THE PROBLEM
The coefficients in the balanced chemical equation shown below represent both moles
and representative particles, in this case molecules. Therefore, the equation can be
interpreted in terms of molecules and moles. The law of conservation of mass will be
verified if the masses of the reactants and products are equal.

Known
CzHg(g) + 505(g) — 3CO0x(g) + 4H0(g)




Example:

equation indicate?

|
Only |

|, Il and 11

Only 1l

What do the coefficients in the following balanced chemical

Moles number

Y gall cae

Molecules number
Atoms number
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Example:

Which of the following is directly represented by the

coefficients of the balanced chemical equation?

Numbers of individual particles (atoms, molecules,and formula units)

(Mis Sling s i o 2l ) Bl Sl el

gl S 3zl

Numbers of moles of particles

aclsdly Aelisd ) 8

The masses of reactants and products

e S iy gl Abia) Ablad) cidlea abidd L laa

d.
1and 2
b.
2 and 3
C.
1and3
d.}
; 1,2, and 3

l



EXCImple: Stoichiometry is based on the law of ...
Lesrmuimg Ohuatoormes 1 ownsreso]

» CHMLE 3.0
-

o CHRLS

Constant mole ratios
.
Avogadro’s constant
Conservation of energy
af 0

Conservation of mass




Example:

What is the scienfific law that states that matter is not created
or destroyed but only transformed in a chemical reaction?

(_J A} law of conservation of energy

\_'B) law of conservation of mass

\_'C) law of conservation of momentum

(D) law of gravity



E-.""_.:..k.'- JaiSe codlelanedl a8 pe 43! - 234 g Auileans dlslas oo gBland ,__;.'?;;: ,‘__.._:‘w." caldall T
2 llustrate relationships can be derived from a balanced chemical equation - relation between masses of reactants and masses of products
1. Interpret the following balanced chemical equations in terms of particles, moles, and CAladad + 1 Jla+ LS e

mass. Show that the law of conservation of mass is observed.

a. Nx(g) + 3Ha(g) — 2NHa(g) Textbook + example 1 + Applications
b. HCl(ag) + KOH(ag) — KCl(aq) + H50(l)
c. 2Mg(s) + Oa(g) — 2MgO(s)




Example:

What is the total mass of the reactants in the following 45 el Aniansl) ddslaad) B Ao UGl 3 gall S £ gana La
¢ Al
balance chemical equation? i
4 Fe(5;+ 302( g) — 2F9203(;)
Molar mass 44 s.ll Al Element _-aiall
(g / mol) ‘
16 O
55.85 Fe
2915g
4156 ¢
271.4¢g

3194¢g




Example:

What Is the mass of the product n the following balanced Sl Ly o daluafl e il ) 38
chemical equation? 3 4 0 60 2 g
Ny(g) T 3tly(g) = eNHyy
Molar mass idedi 28 | Eloment il 17.0301 g
10078 gjmol | R e e
|4.0067 g/mol N 15.0145 g

28.0134 ¢
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3
llustrate relationships can be derived from a balanced chemical equation - balancing chemical equations
2. Challenge For each of the following, balance the chemical equation; interpret the Sl + DS
equation in terms of particles, moles, and mass; and show that the law of conservation
of mass is observed. Textbook + Applications
a. __Na(s) + ___H>0(l) — __ NaOH(aq) + ____Haz(g)

b. _ Zn(s) + _ HNOaz(aq) — ___ _Zn(NO3)z(aq) + __ _N20(g) + __ H20(I)




Example:

What is the correct balanced skeleton equation that Jid ol dsaall gaalls digyall Al Le
represents the chemical reaction below? ¢l Sl Joal
Solid sodium (Na) reacts vigorously with water (H,0) to yield gaseous (Hy) trea w8 i (H)0) elodl me bty (Na| sl pgo puall Jolans
hydrogen (H;) and a solution of sodium hydroxide [NaQH). . (NaOH) pgeogall dss jiud Jolona

Nas) + H20 (aq) = NaOHiaq) + Hajaq) 0

2NaOH zq) + H,0 () — 2H) + 2Nag) O

3Na[aq} + 2H,0 (2q) — ZNEIOH(S)'F 3H:{g} @

2Na[5} + 2H,0 () — ZNE\OHiaqﬁ Hz{g} O
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writting mole ratios from a balanced chemical equation

Mole ratios You have read that the coefficients in a chemical
equation indicate the relationships between moles of reactants and
products. You can use the relationships between coefficients to derive
conversion factors called mole ratios. A mole ratio is a ratio between
the numbers of moles of any two of the substances in a balanced
chemical equation. Consider the reaction between potassium (K) and
bromine (Br;) to form potassium bromide (KBr). The product of the
reaction, the ionic salt potassium bromide, is prescribed by veterinar-
ians, like the one in Figure 2, as an antiepileptic medication.

2K(s) + Bry(l) — 2KBr(s)

What mole ratios can be written for this reaction? Starting with the
reactant potassium, you can write a mole ratio that relates the moles
of potassium to each of the other two substances in the equation.
Thus, one mole ratio relates the moles of potassium used to the moles
of bromine used. The other mole ratio relates the moles of potassium
used to the moles of potassium bromide formed.

Skl + LS

Textbook + practice Problems




2mol K d ~2mol K

1 mol Br, % 2 mol KBr

Two other mole ratios show how the moles of bromine relate to the
moles of the other two substances in the equation—potassium and
potassium bromide.

1 mol Br, 1 mol Br,

2mol K and 2 mol KBr

Similarly, two ratios relate the moles of potassium bromide to the
moles of potassium and bromine.

2 mol KBr 2 mol KBr

2molK ™ T mol Br,
These six ratios define all the mole relationships in this equation.
Each of the three substances in the equation forms a ratio with the
two other substances.

READING CHECK Identify the source from which a chemical reaction’s mole
ratios are derived.

® Figure 2 Potassium metal and liquid
bromine react vigorously to form the ionic
compound potassium bromide. Bromine is
one of the two elements that are liquids at
room temperature (mercury is the other).
Potassium is a highly reactive metal.
Potassium bromide is an ionic salt that is
used to treat epilepsy.




Example:

Which of the following mole ratios is NOT true for the A5 sl Adbadl) Udlaall daaa 18 A A gall ) r
. i “alisl danis gall
balanced chemical equation shown below?

2KCIO5(s) — 2KCI(s) + 30,(g)

2mol KCIO,
2mol KCI

2mol KCl
3 mol 0,

2 mol KCIlO4
3 mol 0,

2 mol KCl
4 mol KCIlO,




Example:

In the following equation, which mole ratio to be 0: NVee 226 e Jogaill andnilll Jalalll Lo cd il dlalaal) &

used to convert from moles of (. to moles of CO.? TC0: SVee 222 )

CsHiz p —~ 802 gy — 6H-O igy ™ 5CO: ()

5 mol Uz
1 mol CO,

5 mol CO,
8 mol O,

8 mol O,
6 mol CO,

5 mol CO,
6 mol 02




Example:

In the balanced chemical reaction shown above, what is the
molar ratio of Fe to AI?

Fe,0a(s) + 281(5) — 2Fe(s) +Al,Oa(s)

(A 2101
B) 1to1
JC) 3t01

D) 1to2



Example:

What Is the number of mole ratios you can wrile for the g el Tl € S5 A e 3
balanced chemical equalion shown below? Ol dae W

’j{M(qJ 1 502(m = Zﬂlzuqm 6

9




Example:

In the equation below, 4 mol A
3 mol B

Which of the following mole ratio is NOT correct?

4A + 3B — 2C

4 mol A
2 mol

2 mol C
3 mol B

A mol .

2 mol B
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llustrate therelationship beween reactants and products

Stoichiometry The study of quantitative relationships between the
amounts of reactants used and amounts of products formed by a
chemical reaction is called stoichiometry. Stoichiometry is based on
the law of conservation of mass. Recall that the law states that matter
is neither created nor destroyed in a chemical reaction. In any chemi-
cal reaction, the amount of matter present at the end of the reaction is
the same as the amount of matter present at the beginning. Therefore,
the mass of the reactants equals the mass of the products. Note the
reaction of powdered iron (Fe) with oxygen (O,) shown in Figure 1.
Although iron reacts with oxygen to form a new compound, iron([ll)
oxide (Fe,03), the total mass is unchanged.

1 - Sl 5

Textbook - beginning of section 1

® Figure 1 The balanced chemical
equation for this reaction between
iron and oxygen provides the
relationships between amounts of
reactants and products.




Example:

What is the study of quantitative relationships Ot Sl Sl A e 13l
between the amounts of reactants used and A3 Sl o gill g daddiaall dle LG ) gall
amounts of products formed by a chemical reaction called? T lal el il e

The mole ratios i gl sl

The stoichiometry L Sl llual)

The balanced chemical equation Ly ) sal sl Alaled)

The law of conservation of mass alicl) Lo 4008
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writting mole ratios from a balanced chemical equation

-'ﬂ_EE-&;h;.ﬁ'F u__al.:,g:lh_;,ﬂ:l

3. Determine all possible mole ratios for the following balanced chemical

equations.
a. 4AI(s) + 30z20g) — 2AI1:0s(s) Textbook + Application 3, 4

b. 3Fe(s) + 4aH. O — Fes0,(E) + aH(g)
c. 2HgO((=) — 2Ha() + O0x(ag)




Applications:

4. Challenge Balance the following equations, and determine the
possible mole ratios.

a. Zn0(s) + HCIaq) — ZnClz(aq) + Hz0(I)
b. butane (C;H,5) + oxygen — carbon dioxide 4+ water
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writting mole ratios from a balanced chemical equation

Note that the number of mole ratios you can write for a chemical e alZS0 | emd

reaction involving a total of n substances is (n)(n—1). Thus, for reactions
involving four and five substances, you can write 12 and 20 moles
ratios, respectively.

Four substances: (4)3) = 12 mole ratios

Five substances: (5)(4) = 20 mole ratios



Al Alolae ()2 LAS iy

lllustrate how to balance a chemical equation

oliaadad + o almSH | e

Textbook + Applications

‘ What are the correct coefficients when this equation is balanced ?
Sb + 02 =—»Sb40¢

Acd. 2,10 B. 4,61
. 4.3:1 110,35 ,1
‘What is the correct coefficient to balance the following equation?

2Ky +Bryy —— oo KBr

& 1 & 2 3 & ]



Example:

What do the coefficients in the following balanced chemical
eqguation mean?

EHE + CIE — EHED

() A) 2 moles of hydrogen and 1 mole of oxygen in the
reactants

() B) 2 moles of oxygen and 1 mole of hydrogen in the
reactants

() C) 2 moles of oxygen and 1 mole of hydrogen in the
products

() D) 2 moles of hydrogen and 1 mole of oxygen in the
products



Example:

What is the balanced chemical eguation for the reaction
between hydrochlonc acid and calcium carbonate when the
products of the reaction are calcium chloride, carbon dioxide,

and water?

':._::' .|E||.] HC| + EEE'E — EECE‘E. + ':':'E + I_EI:I

':._::' E] HCl + {::E{::':'E. —_— ':ﬂE'E + ':':'E + I_E[:}

(_1C) 2HCI+ CaCO; — CaCl, + CO5 + Ho0

(D) 2HCI+ CaCls — CaCQOy + CO5 + 2H,0



Example:

Balance the following eqguation with the smallest whole-
number coeficients. What is the coefficient for H-0 in this

eguation?

PBr; + HoO — H;POs; + HBEr
|_| A]
|_| E]
|_| E]

S T O * A

D)



Section 2;
Stoichiometric
Calculations
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apply the steps used in solving stoichiometric problems with the correct sequence

Problem-Solving Strateqgy !

Mastering Stoichiometry
The flowwchart below outlines the steps used to solve mole-to-mole,
mole-to-mass, and mass-to-mass stoichiometric problems.
1. Complete Step 1 by writing the balanced chemical equation
for the reaction.

3. The end point of the calculation depends on
the desired unit of the unknown substance.
= [f the answer must be in moles, stop after

completing Step 3.
= [f the answer must be in grams, stop after
completing Step 4.

Z. To determine where to start your calculations, note the unit
of the given substance.
» |f mass (in grams) of the given substance iz the starting
unit, begin your calculations with Step 2.
» If amount (im moles) of the given substance is the
starting unit, skip Step 2 and begin your calculations
with Step 3.
Apply the Strateqgy
Apply the Problem-5olving Strategy to Example Problems 11.2, 11.3,
and 11.4.

Step 1
Start with a balanced equation.
Interpret the equation o terms of moles.

ELI —
5 % j"i”’i:‘_----_-..

|
"
L Ll
e E— TR ———
Mass of given substance no direct comearsion - Mass of unknowen substance
= -
Step 2 = & Step 4
Convert from grams E|s .:I“ = Conwert from
to moles of the — = =|E males of unknown
given substance. Use E B to grames of
the inverse of the = unkmown. Use the
medar massfas the /'/ moles. of mnimown — malar rnassfas the
conwersion factor moles of given / comversion factor
T N\
Step 3 \
i { Convert from moles of the given substance
| to moles of the unknown substance. Use the

- approprate mole ratke from the balanced

Maoles of given substance chemilcal equation as the conversion factor. Maoles of unknown substance

cilidal + 2 Jle + JSlacod] Jo bzl + oS s

Textbook + Problem solving strategy + example 2
+ Applications




Apply the Strateqgy

Apply the Problem-5olving Strategy to Example Problems 11.2, 11.3,
and 11.4.

Step 1
Start with a balancad equation.
Interpret the eguation n terms of moles.

no direct conversion Mass of unknown substance
_—
i ..

Step 2 e & Step 4
Comvert from grams B[S .a" = Comwvert from
to molas of the —|E g = males of unknown
given substance. Use g £ to grams of
the inversa of the = = unknown. Use the
mlar mass as the ..-"f miolar mass as the

mickes of unkmowm
=L conversion factor

conversion factor Ly moles of given )/; =y
£ ‘"ﬁx . Step 3 £ é

¢ Convert from moles of the given substamnce I
'x.;x_ o to moles of the unknown substance. Use the ﬁu__: J
e appropriate mole ratio from the balanced T
Moles of given substance chemical equation as the conversion factor. Moles of unknown substance




Example:

What is the first step in solving stoichiometry problems? fAubial) clbual) s Ja A Y] 5 gladd) s
Writing the unit of the given substance Sasall Balal) Ban 5 44E
Writing the unit of the unknown substance dig pall p Balall fas § 4K
Writing the mole ratios i gall ol 446

Writing the balanced chemical equation Ay ) sall Aulaasll dlilaal A4



Mole-to-Mole S5toichiometry One disadvantage of burning
propane (C;Hg) is that carbon dioxide (C0O;) is one of the products.
The released carbon dioxide increases the concentration of CO5

in the atmosphere. How many maoles of CO5 is produced when
10.0 mol of C3Hg is burned in excess oxygen in a gas grill?

El Solve for the Unknown

Write the balanced chemical equation for the combustion of C4Hg.
Use the correct mole ratio to convert moles of known [CyHg) to
moles of unknown (CO.).

10.0 mol ? mol
CaHs(g) + 50:(g) — 3C0:(g) + 4H:0(g)

3 mol CO;

Mole ratio: ol G,

3 mal CO;

10,0 mol-E5Hy * = 30.0 mol CO,

1 mekEsH;




Applicarions

11.

Methane and sulfur react to produce carbon disulfide (CS2). a liguid
often u=zed in the productionm of cellophane.

_ CHala) + _ Sels)l— _ GCSa(l) + _ H25({g)
a. Balance the eguation.

b. Calculate the moles of CS5z produced when 1.0 mol Ss is used.
c. How many moles of H=5 is produced?




Applicarions

12. Challenge Sulfuric acid (H-50,) is formed when sulfur dioxide (50 4:]

reacts with occopgen and water.
a. Write the balanced chemical equation for the reaction.

b. How many moles of H-50, is produced from 125 moles of 50,7

c. How many moles of O are needed?




Example:

How many moles of CO; are produced when 5 moles of fCaHz (1« 5 mol Jelat vie #iuu €0y e Jge S
C3Hg are reacted?
CiHsig+ 5 Qg2 3 CO:2 9+ 4 H:0(g)

30 mol
3 mol
5 mol

15 mol



Example:

How many moles of H,3 are produced when 18y oo 1.50 mol Jeli e pine HpS e Ves o8

1.50 moles of §; are reacts?

2CH,(g) + Sg(g) — 2CS5q) + 4H,S ) 8 mol

4 mol



Example:

Based on the following eguation, how many moles of
hydrochlornic acid are needed to react with 0.64 moles of
pofassium permanganate?

2KMnO,4 + 8 HCl — 3 Clo + 2 MnOs + 4 HoO + 2KCI

(_)A) 021 mol HC
)B) 0.64 mol HCI
(_)C) 2.7 mol HCI

D) 5.1 mol HCI
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10 apply the steps used in solving stoichiometric problems with the correct sequence

T il L:..........L.,....;J" l— :‘z“-"-‘-a-‘i-'_ <51 L-:-".‘:".‘-H'-’"h' L.-l‘jl'“""’ l...-l‘;" |3 e J ":"'I':"":"_'I =l d""‘:"' -
11 apply the steps used in solving stoichiometric problems with the caorrect sequence

Mole-to-Mass Stoichiometry Determine the mass of sodium chloride (NaCl),
commonly called table salt, produced when 1.25 mol of chlorine gas (Cl;) reacts
vigorously with excess sodium.

Solve for the Unknown

1.25 mol 70
ZMal(s) + Cly{g) — 2MaCl(s)

2 mol NaC

Mole ratio:
1 mal Cla

2 mol NaCl _ , -
1.25 mekElh « | meret 2.50 mol NaCl

Re &4 g MaCl
I -t

2.50 mol-MatT « = 146 g NaCl

Siliadsd + 3 Jle + LS s

Texthook + example 3 + Applications




Applications

13. Sodium chloride is decomposed into the elements sodium and chlorine

by means of electrical energy. How much chlorine gas, in grams, is obtained
from the process diagrammed at right?

Elactric

energy NaC

250 mal

.""' Ma
Cl; g




Applications

14. Challenge Titanium is a transitiom metal used in many alloys because
it is extremely strong and lightweight. Titanium tetrachloride [ TiClL) is
extracted from titanium oxide (Ti0O2) wsing chlorine and coke (carbon).
TiDs(=) + C(z) + 2C1:0(g) — TiCls(s]) 4+ COx(g)
a. What mass of Cl; gas is needed to react with 1.25 mol of Ti(,?
b. What mass of C is needed to react with 1.25 mol of TiQO2?
c. What is the mass of all of the products formed by reaction with 1.25 mol of TiO.?




Example:

How many grams of NaCl are produced when 2.50 mol of Cl, ¥Clz 4= 2,50 mol Jeldl die i NaCl (8l 2 &S
is reacted?
(Molar mass of NaCl=55.44 g/mol) (55.44 g/mol = NaCl J 4 all A1)

2Nag) + Chy =2 2NaCl

277.2¢g
182.3 g

55.44 g

146 g



Example:

How many grams of Cl, gas is needed fo react with tTIO, fa 125 Mol aa Jelill &5 pall Gl e o Ll o8
1.25 moles of TiO,? 106 4
( Molar mass of Cly= 70.90 g/mal) (70.90 g/mal = Cly 1 ads.ll 1kl ) . g

443 g



Example:

How many moles of carbon dioxide CO; will be produced S 13 CO, (0N s b e 2k Yaa oS
if 100.0 g of potassium hydrogen carbonate KHCO3 have ¢ KHCO; dsiung jugll assalisd) ciliss€ 0 100.0 g
decomposed?

2KHCO3 (5 — K2CO3(5) + CO2 (g) + H20

(Molar Mass of KHCO; = 100 g/mol) (100 g/mol = KHCO; s gall aiSJ1)
0.5 mol O

1 mol O

0.25 mol O

2 mol O



Example:

How many moles of HCl will just react with 0.424 g Ba{OH)5"

ZHCI + Ba{OH)» — BaCl, + 2H-0

(JA) 494 %107 mol

(_B) 9.90x% 102 mol

(JC) 2.48 % 1072 mol

D) 1.24 %107 mol
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12 apply the steps used in solving stoichiometric problems with the correct sequence

MASS-TO-MASS STOICHIOMETRY Ammonium nitrate (NH4NO4), an important
fertilizer, produces dinitrogen monoxide (N2Q) gas and H20 when it decomposes.

Determine the mass of H,0 produced from the decomposition of 25.0 g of
solid NHyNO,.

SOLVE FOR THE UNKNOWN
25.0 ¢ ?g
NH4NO3(s) — N20(g) + 2H20(g)

1 mol NH4NO 3

25.0 g MNHANOS X ot ie . = 0.312 mol NH4NOs
. 2mol Hz0
Mole ratio: T ol NHZNO3
2 mol H-0
0.312 mal NHZNO3 X 2 = 0.624 mol H;0
18.02 g H,0
0.624 motHs0 X € 2 o 11.2 g H20

1 molH=0

liabs + 4 Jle + S

Textbook + example 4 + Applications




APPLICATIONS

15. One of the reactions used to inflate automobile air bags involves
sodium azide (NaNj3): 2NaN3(s) — 2Na(s) + 3N,(g). Determine the
mass of N, produced from the decomposition of NaN5 shown at right.

100,0 g NaN; — 7 g N,(a)



16. Challenge In the formation of acid rain, sulfur dioxide (50;) reacts with
oxygen and water in the air to form sulfuric acid (H,504). Write the
balanced chemical equation for the reaction. If 2.50 g of 505 reacts with
excess oxygen and water, how much H,50,4, in grams, is produced?



Example:

What is the mass of N,O produced from the ¢ NH,NO, e 40.0 g ¢lsa e 4l N,O abs L
decomposition of 4().() g of NH,NO, ? «80.04 g/mol = NH,NO; 1 &gl 3kl )
( Molar mass of NH;NO; = 80.04 g/mol , (44.01g/mol = N,O 1,

and of N-.O = 44.01 g/mol)

NH4NO3 ) = N2O(g) + 2H,0(g



Example:

One of the reactions used to inflate automobile air bags involves acay Shladl 3 Alsgl oebsi geiil deddiuall =Sle Linll aal
sodium azide (NaNs). What is the mass of N; produced from the .(NaN3) aggall i
decomposition of 195 g of NaNs? ¥ NaN; e 195 g slSa e aaslll N, 4lss Al

2NaNsz(s) — 2Na(s) + 3N2(g)

N, gas
Molar mass: agl ge Al
NaN: = 65 g/mol 65 g/mol = NaN;
N; = 28 g/mol 28 g/mol = N3

56.0 g
112.0g
126.0g

250¢g



Example:

What mass of 5rF- can be prepared from the reaction of 10.0
g Sr{OH)- with excess HFY

Sr(OH)2 + 2HF — SrF2 + 2H20

(LAY 987 g
(B) 982
) 10040

(D) 103g



Example:

Balance the following eguation with the smallest whole—
number coefcients. How many grams of O- will be produced

IT 23.2 g of XeFs reacts with excess water?

XeF. + HaO — Xe + HF + O5

Ay 2199
CJB) 11049
CJCcy 3314¢9

(D) 442¢g



Example:

MNatural gas is mosily methane, CH4. When 128 grams of

methane is burned in the chemical reaction shown above, how
many grams of water vapor are produced?

CHalg) + 205(0) —CO5(0) + 2H20(g)

(_JA) 8.00grams
(_B) 144 grams
(_JC) 18.0 grams

(_'D) 288 grams
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13

apply the steps used in solving stoichiometric problems with the correct sequence - use the correct conversion factor

remmall il L5l bluazdl | Slie o ,_g dagall wigls]l 3du
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Problem-Solving Strategy b

Wrastering Stoiclfriorm etry

apply the steps used in solving stoichiometric problems with the correct sequence

Sleadl Jom bl + L8] 2

Texthook + Problem solving strategy

The flowwchart below outlines the steps used to solve mole-to-mole,
mole-to-mass, and mass-to-mass stoichiometric problems.

1. Complete Step 1 by writing the balamced chemical equation 2. The end point of the calculation depends on
the desired wunit of the unknown substance.

= [ the answer must be in moles, stop after
completing Step 3.

= I the answer must be in grams, stop after
completing Step &

for the reaction.

2. To determine where to start your calculations. note the unit

of the given substanocs.

= |f mass (in grams) of the given substance is the starting
unit. begin your calculations with Step 2.

= [If amount (im moles]) of the given substance is the
starting umnit, skip Step 2 and begin your calculations

with Step 3.
Apply the Strateqy

Apply the Problem-Solving Strategy to Example Problems 11.2, 11.3,

and 11.4.

| 15
1 %
—— = L\

B = . —
Mass of gihven substamoe

=

Step 2 =3
Comvert from grams Bls
to moles of thea —|=
given sulbbstance. Use 5
the mversa of the =
mezlar mass as the .//
conwersion factor

Mode= of given substanos

Step 1
Start with a balancad squation.

Interpret the eguation In terms of moales.

no direct comwversion

miodes of wnknowem
modes of grven //

Step 2

Convert from moles of the ghven substancs
to moles of the unknown substancs. Usa the
appropriate mole rathe from the balanced
chiermical equation as the conversion factor.

_ —_—
Mass of unknowin sulbstance
-

E Step 4
== Convert from
= |E moles of unknown
£
=

to grams of

unknown. Use the
molar mass as the
corversion factor

Maoles of enknown substance




Section3:
Limiting
reactant
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specifie the limiting reactant in a chemical reaction

Limiting and excess reactants Recall the reaction from the
Launch Lab. After the colorless solution formed, adding more sodium
hydrogen sulfite had no effect because there was no more potassium
permanganate available to react with it. Potassium permanganate was a
limiting reactant. As the name implies, the limiting reactant limits the
extent of the reaction and, thereby, determines the amount of product
formed. A portion of all the other reactants remains after the reaction

stops. Reactants leftover when a reaction stops are excess reactants.
To help you understand limiting and excess reactants, consider the

analogy in Figure 11.4. From the available tools, four complete sets
consisting of a pair of pliers, a hammer, and two screwdrivers can be
assembled. The number of sets is limited by the number of available
hammers. Pliers and screwdrivers remain in excess.

594 B+ LSl a0

Textbook + figured ,5

® Figure 11.4 Each tool set must have one hammer, so only four sets can be assembled.
Interpret How many more hammers are required to complete a fifth set?

SR TTTTTITITERRFRNNY
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Before Reaction After Reaction
O o ¢
6- t ® ® = Q 0 + Q;)

Three nitrogen molecules Three hydrogen molecules Two ammonia molecules Two nitrogen molecules
(six nitrogen atoms) (six hydrogen atoms) (two nitrogen atoms, six hydrogen atoms)  (four nitrogen atoms)

" Figure 5 Ifyou check all the atoms present before and after the reaction, you will find that some of the
nitrogen molecules are unchanged. These nitrogen molecules are the excess reactant.




Example:

Reactants leftover when a reaction stops Al Jelaill elgtil sy dlelaial) ) gall LGy
are called.................. SR i
limiting reactants sl Jelilal
limiting products saaall
excess reactants il el

excess product aldll 2l



Example:

What is the limiting reactant in the figure shown below?

ubeiaal L
ABelore Aeackion
2
4
all = i
. 1 * L7 —
4 A 4 EI

Thies rioges ek el Thime wyhoges irokods
[ niT ST L 1 e e
pra Al il AT Jarapes Siluge AT gl o Sl

[lterndud % o] [ e ol 33 |

Lo n et i e e fork (0

Ammonia molecules
Mo limiting reactant
MNitrogen molecules

Hydrogen maolecules

e e vk medecs ks
it i g gEe, e (rricgea siemi

Taldal grada gall JEN b saaddl Jelidall Le

wpelaall ey
Alier Beaction

IF_F.,_,.A'
+ &

it LR [ =il ]
Hra rvbagpen ghamad

e T Llligjfr-
[pdrd e oslid il

Lt paldl s
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Crim p el A e



Example:

What is the limiting reactant in the reaction shown?

Eefore Reaction After Readion
8 <
Y @ = & &
© ® & O
Three nitrogen molkeoubes Theee hoydnogen mokoukes T ammonia mokecules Two nitmgen mokecy ks

i nitrogen shoms ) isix hydmgen atoms) (w0 nitrogen atoms, sé hydmgen atome]  four nitrogen atoms)

[:]A] ammonia
@ B) nitrogen
[:]E] hydrogen

@ D) There is no limiting reactant.



What a substance not completely used up B S paanid Y A Baldll g 1ike

in a chamical reaction is called? £l Jelal i

Limiting reactant




Example:

~

X il Jids elE) 30 QL:T:)‘;\

Y paiell Jid eluaddl ilgall

blue squares represent element X,
green circles represent element Y.
Which of the following is correct?

g N + % % 6!6 G!O
II

I_F “ ':1> Il

Limiting reactant is X, X; 92 daoll Jelaial)
Limiting reactantis Y, Y, 92 duama]l Jelaol!
X, is consumed first in the reaction Jeladl (§ Yol X, Iihgil @i
At the end of the reaction an amount S pS Jeladl lgs 3

of Y, is leftover unreacted delaze ALY, ye



Example:

The substance that limits the extent of a chemical reaction has a special name. What is this
substance called?

_JA) limiting reactant
_B) limiting product
_JC) excess reactant

D) excess product



Example:

Ethyne Hydrogen Ethane Ethyne
= Figure 132

. The reaction between ethyne (C;Hz) and hydrogen
(Hz) is illustrared in Figure 13. The product is ethane

(Cz2Hg) Which is the limiting reactant? Which is the
excess reactant? Explain



L_,l.s..a...i]' e lastl JleaS dan peuladl | lelasadl e Adicedl bl o

16 Calculate the amount of the excess reactant remains after the reaction is complete
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Caleulate the mass of a product when the amounts of more than one reactant are given
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determine the limiting reactant and the excess reactant in a chemical reaction

_ _ _ liedel + 5 Jla + LS el
DETERMINING THE LIMITING REACTANT The reaction between solid white

phosphorus (P4) and oxygen produces solid tetraphosphorus decoxide (P40 ). o
This compound is often called diphosphorus pentoxide because its empirical Textbook + example 5 + Applications

formula is P20s.

a. Determine the mass of P40y formed if 25.0 g of P4 and 50.0 g of oxygen
are combined.
b. How much of the excess reactant remains after the reaction stops?



APPLICATIONS

23. The reaction between solid sodium and iron(lll) oxide is one in a series of reactions that

inflates an automobile airbag: 6Na(s) 4+ Fes03(s) — 3Na;0(s) + 2Fe(s). If 100.0 g of Na
and 100.0 g of Fez03 are used in this reaction, determine the following.

.

limiting reactant

b. reactant in excess
C.
d

mass of solid iron produced

. mass of excess reactant that remains after the reaction is complete



24. Challenge Photosynthesis reactions in green plants use carbon dioxide and water to
produce glucose (CgH120g) and oxygen. A plant has 88.0 g of carbon dioxide and 64.0 g
of water available for photosynthesis.

a. Write the balanced chemical equation for the reaction.
b. Determine the limiting reactant.

c. Determine the excess reactant.

d. Determine the mass in excess.

e. Determine the mass of glucose produced.



Example:

Sodium Na and iron (lll)oxide Fe;0; reacts dodaall 385 FagOg (111) sl 218 ra Na pssall Jelis
according to the following balance chemical sl A5 g ) pall Asilia Sl
equation:

ﬁNﬂfi] + FEEGE[.‘H — ENQEU{Q} + EFE{I}
If 4.35 mol of Na and 0.63 mol of Fe;0; are used s Fe;03 = 0.63 mol x= Na = 4.35 mol a255u 12
in the reaction el

Which of the following is the limiting reactant? fasmall Joliiall o8 L Laa #i'

NE'.:D
Fe:0a
Ma

e



Example:

In the following reaction, if we use 100 g of sodium Na and Na agaseall e 100 g Laxssad 1] (Jal Jelal b
100 g of iron (11l) oxide (Fe;03), what is the limiting reactant? ol delial Lo Fe 05 (M) waal) 2Sl 56 100 g5

bNa() + Fe,035) — 3Na,0O) + 2Feyy)

Molar Mass: 1dd galt AliSJN
Na =23 g/mol 23 g/mol = Na
Fe,0s: = 160 g/mol 160 g/mol = Fe;0:
Na
Fe
Fe,0;

NaZO



Example:

Hematite Fe,O; and carbon monoxide CO react Alsladll 385 CO (5080 sl Jsl an FEy 05 cusilaggll Joliny

according to the following balanced chemical equation : ralall d5gygall dliasl)
_}
FEZOS(S) -+ BCO(g) 2FE(5} -+ 3C02(g)
If 25.0 mol of Fe,0; and 3().0 mol of CO Jelall 2 CO (4 30.0 mol s Fe 0y e 25.0 Mol aaaul 13)

are used in the reaction

Which of the following is the limiting reactant? Promall Jeliidl oo L Les ol



Example:

Which reactant in the following reaction is in excess when 9.5 grams of Ca(OH)- is reacted wiih
0.8 grams of H,PO,?

3Ca(OH); + 2H3P04 — Cas(POg)s + 6H,0

(JA) CalOH),
()B) H4PO,
0C) CazPOy);
D) HL0



Example:

. Nickel-Iron Battery In 1901, Thomas Edison
invented the nickel-iron battery. The following
reaction takes place in the barttery.

Fe(s) + 2NiO(OH)(s) + 2H-0(]) —
Fe(OH)z(s) + 2Ni(OH)2(aq)

How many mol of Fe(OH); is produced when
5.00 mol of Fe and 8.00 mol of NiO(OH) react?



Example:

One of the few xenon compounds that form is

cesium xenon heptafluoride (CsXeF7). How many
moles of CsXeF-; can be produced from the reaction
ot 12.5 mol of cesium fluoride with 10.0 mol of

xenon hexafluoride?
CsF(s) + XeF4(s) — CsXeF-(s)



Example:

Alkaline Battery An alkaline battery produces
electrical energy according to this equarion.

Zn(s) + 2MnOs(s) + H-0O(l) —

Zn(OH)z(s) + Mn>Os3(s)

a. Determine the limiting reactant it 25.0 g of Zn and
30.0 g of MnO; are used.

b. Determine the mass of Zn(OH), produced.
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determine the limiting reactant and the excess reactant in a chemical reaction

# Figure 7 With insufficient
oxygen, the burner on the left burns
with a yellow, sooty flame. The
burner on the right burns hot and

clean because an excess of oxygen is
available to react completely with the

methane gas.

7 Saadi+ st e

Textbook + figure 7




Why use an excess of a reactant? Many reactions stop while
portions of the reactants are still present in the reaction mixture.
Because this is inefficient and wastetul, chemists have found that by
using an excess of one reactant—often the least expensive one-reac-
tions can be driven to continue until all of the limiting reactant is
used up. Using an excess of one reactant can also speed up a reaction.

Figure 7 shows an example of how controlling the amount of a
reactant can increase efficiency. Your lab likely uses the type of
Bunsen burner shown in the figure. If so, you know that this type of
burner has a control that lets you adjust the amount of air that mixes
with the methane gas. How efficiently the burner operates depends
on the ratio of oxygen to methane gas in the fuel mixture. When the
air is limited, the resulting flame is yellow because of glowing bits of
unburned fuel. This unburned fuel leaves soot (carbon) deposits on
glassware. Fuel is wasted because the amount of energy released is
less than the amount that could have been produced if enough
oxygen were available. When sufficient oxygen is present in the
combustion mixture, the burner produces a hot, intense blue flame.
No soot is deposited because the fuel is completely converted to
carbon dioxide and water vapor.



Example:

In a bunsen burner flame, what does a yellow color signify?

CH4lg) + 205(0) — COo(g) + 2H0(g)

. A) Methane gas is the limiting reactant
() B) Oxygen is the limiting reactant.
() C) Carbon dioxide is the limiting reactant.

(_) D) Water is the limiting reactant.



pabeasdl felaz] sl s ceailet e laRall e dadadiall dacd ]l o ncam
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Calculate the mass of excess reactant that remains after the reaction is complete

Bumall s + LS

. Lithium reacts spontaneously with bromine to

produce lithium bromide. Write the balanced Textbook + chapter assessment
chemical equation for the reaction. If 25.0 g of

lithium and 25.0 g of bromine are present at the
beginning of the reaction, determine
a. the limiting reactant.

b. the mass of lithium bromide produced.
c. the excess reactant and the excess mass.



GOOD LUCK MY
LOVELY STUDENTS
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