KEY
Calculations Involviiig Reactions (Stoichiometry)

(Stoichiometry) It is expected that students will:

1) relate the coefficients in a balanced equation to the relative number of molecules or moles (the
mole ratio) of reactants and products in the chemical reaction

2) perform calculations involving reactions using any of the following:

3) number of molecules

4) moles

5) mass

6). gas volume at STP

7) solution concentration and volume

8) perform calculations involving limiting reagent and percent yield

STOICHIOMETRY: the relationship between the amount of reactants used in a chemical
reaction and the amounts of products produced in the reaction.

1. The meaning of the coefficients in a reaction equation:

Example: Write a balanced reaction for the combustion of methane, CHa:

1CH4 + 207 ------ > 1CO2 + 2H0 + 891 kJ

e This equation indicates that 2 oxygen molecules react with 1 molecule of methane to produce
1 molecule of CO2 and 2 molecules of water (and 891 kJ of energy).

e The coefficients can refer to the number of molecules (or atoms) or it can also be described
in terms of the number of moles.

 The reaction always reacts with the 2 moles of oxygen to 1 mole of methane ratio. So, we
can related the amount of oxygen that reacts with the amount of methane needed. That is,
for a complete reaction, we need twice as much oxygen as methane.

e We can also relate the amount of the product produced if we know the amount of reactant.
If one mole of methane reacts with sufficient oxygen (2 moles), then 1 mole of carbon
dioxide and 2 moles of water is produced (and let's not forget the energy produced which is
891kJ). '

1CH4 + 203 ------ > 1CO2 + 2H20 + 891 kJ

Question #1: If 10 molecules of methane reacts with sufficient oxygen, how many water molecules are

produced? |O m0\ec, C/HH X %@. = QO VY\O\e,C HLO
L}

Question #2: In a reaction, 30 molecules of CO; is produced. How many molecules of oxygen reacted?

A0 mdec CO, x %z%i = GO malec O

Question #3: In reaction 3.2 moles of water was produced, how many moles of methane reacted?
33 moles 1O X ICHY /o0 = 1.6 moe) CHy
2. Using coefficients of balanced chemical equations to set up RATIOS

for calculations:



1CH4 + 207 ------ > 1CO; + 2H;0 + 891 kJ

We use ratios to set up equations. For example, if we knew the number of moles of CH4 that
undergoes a chemical reaction and we needed to find out information regarding the water, we
would use the following ratio:

1 mole CHas Q HZ o
2 moles of H20 | (/H\f

In fact, we use the balanced equation to set up ratios between any chemical present in the
chemical reaction (as well as energy, really!!).

For example, if we wanted to perform calculations between CHs and 02 we would use the ratios:

202 o or \UrL‘/Q,O;_

or if we wanted to find information between oxygen and water, we would use the following

ratios:
;202/9”7/0 v ;Hm/gm

Examples of calculations involving stoichiometric ratios:

1. How many moles of hydrogen gas are required to react with 2.5 moles of oxygen to produce
water ? (a synthesis reaction)

1) write a balanced equation: 2 HZ b O—L - g "}Z O

2) set up equation using ratio in such a way so you
cancel the units:

D5mol G, X % . 5.0 wol U,

2. How many moles of hydrochloric acid will be required to produce 0.40 moles of hydrogen gas
by reacting with zinc? (a single replacement reaction) _

70+ 200 v2nClh v K,
| M
O, 40O mo! Hz X I, = 0. 56wl HCI

3. How many moles of hﬁrogen will b.e‘required to produce 1.70 moles of ammonia, NH3?
(another synthesis reaction) 8 > + Ny =~ 2N 3

.40 m! NH3 x 3H, /aNHz = Q.55 mo) H’Z.
4. Consider the reaction: 3L+ 6F - > 2 IFs + I4F2
a) How many moles of IsF; are produced when 3.75 mole of I> reacts?

2335ma |, x [hF _ 125 mo ly ™
3



b) How many moles of Fluorine reacted if 3.07 x 10-> moles of I4F2 are produced?

CF -2 .
&6}%[0.%\(\0\ \sz X ""‘:F‘j" = \%““ \<‘0 ol FZ

¢) How many moles of IFs are produced when 0.035moles of F react?

0.035mod F, x éﬁ% = 0.0 ZLmol |Fg

b
More Practice Problems: Remember to use Stoichiometric Ratios to solve the following
problems: N

5. Consider the reaction: CsHs + 502 ----> 3CO:2 + 4 H,0

a) How many oxygen molecules is needed to react with 12 molecules of propane, CsHs?
Qendec Ry x SOZ = COmelec O

b) How many moles of water is produced when 2.5 moles of oxygen react with enough propane?

25md 0z X ?g’f = 2.0wd H,0

c) How manyB&l\és"of COz is produced when 25 molecules of propane reacts with sufficient
amount of oxygen?

25 moloe (A\)H% X §_,.C:.Q.’!: = S melec GO,

d) How many moles of oxygen is needed to react W|th ufficient amount of propane to produce
3.0x10"2 moles of water? SO 2

3.0x1077 mol H,0 % L0 = 28105l 05
6. In the reaction: 3 Fe + 4 H,0 -——> Fe304 + 4 H>
a) How many moles of Fe30a is produced when 0.034 mole of Fe reacts with sufficient amount of

water? l?' O - ~al T
0.034 mol Fe X ;éﬁq = 0. OW ol Fey Oy

b) How many moles of water is needed to react with 13.5 moles of Fe?
8
12 S ol Fe x % = 8&0 o) Hz’,c}

¢) How many molecules of Fe3O4 are ppoduced when 250 atoms of Fe react?

3 O
250 Fe  x Zre = 83 molec FeyOy
3. Stoichiometry Calculations involving moles, mass, gas volume and
molecules:

e In any balanced equation, the moles of one chemical is related to the moles of another
chemical by the stoichiometric ratio.

e We can use this concept to make important practical predictions regarding a chemical
reaction. In the "moles” unit, we learned that the MOLE can be used to make calculations
dealing with mass, volume of gas, and number of molecules. So, in any reaction, we can now



use the information such as the mass of one chemical, and calculate the mass of another
chemical.

o The key to making calculations is to use the relationship between chemicals in a balanced
chemical equation. A good way to visualize the connection between the moles of the two
" chemicals in a particular problem is to use the "MOLE HILL".

moles / moIes\
chemical #1 chemical #2

balanced equation

3I+6F - > 2 IFs + 14k

The “MOLE HILL” is the relationship between chemical#1 and chemical #2. Since the mole is
related to mass, volume of gas and number of particles, we can use another diagram to illustrate
all the connections which can be made when performing stoichiometric calculations:

//‘\‘



mass mass
volume A volume
# particles # particles

Given some information (mass, volume, # particles) of chemical 1, we need to climb the *MOLE
HILL" (stoichimetric ratio) in order to find information of chemical #2.

Examples:

1. What mass of carbon dioxide is produced when 2.3 moles of pentane (CsH 12) are burned?

CsH12 + 8 02 ----> 5CO2 + 6 Hy0

D3me Cgh, x S0z | 44.0 45\03)
| Wy fvne

2. How many moles of Carbon dioxide is produced if 3.0 g of oxygen reacts with sufficient
pentane?

CsHip + 8 0p ----> 5CO2 + 6 H0O

3.03 67, X | mo) X —Q*Q“QL = OOgc‘YY\O\ CO;
A2.0 \3 O,
Q, 3. What mass of CsHs is required to produce 5.0x102 mole of H.0?
. /ﬁ) Jeed | -
LA 5.6x107 molHox ‘v'gf-’} 'x ALty W%q'?ﬁ 0. O%\ﬂ
| go 3 L‘ Hjﬁ | wo C&Hé)
4. What volume of fluorine gas will be needed to produce 5.60 grams of hydrogen fluoride by
reacting with hydrogen? Assume STP conditions.

F, + By —> QHF

e = F
Imo) . L x@4e =3 LR




Cy 0. = 0.

5. How many grams of carbon will react with 0.25g of oxygen to produce »carbon dioxide?

g dmol L&y 13 A C
O. 59 * saagxmzxﬁnf 0978

6. What mass of oxygen can be produced when 13.6 grams of sulfur trioxide are decomposed?

2503 —> 25 +30,

\2.60 x mel 36, . 32.0
J 80. 3)( 2505 * ’TWTQ% %,163 Or

7. What volume of hydrogen gas |s produced (STP) when 1.0g of magnesium reacts with

hydrochloric acid? m 8 } (Q H (/\ = ?Y\3 Q 2 ¥ H 2

\ 09 « dmol 'Hz. M
‘ X x v - . q 2 - (
M. 33 Mo l Mol O M

8. If 2.0L of hydrogen reacts with oxygen, what is the volume of water vapour produced at

sP? Wy + O - QW
a 2 v ! 2.0 a M Ou H 0

1. Consider the following equation :

3I2 + 6F2--—-> 2IF5 + I4F2
a) How many moles of I4F7 are produced by the complete reaction of 5.41 moles of fluorine?

SH m By x g = 0.902emd WFe

b) How many moles of fluorine are needed to produce 4.52 moles of IF5?

4 $2 ool 1 xg.{‘% = 136mol K

c) What mass of iodine is needed to react with 7.63 grams of fluorine?
1630 x Imd , AiFg 2538y 55590
8@@& 3 Vs J el .



d) What mass of IFs5 is produced by the reaction of 154 grams of iodine?

\'5'—}9 x Imd y AVFs % aa).99 %8q.gﬂ¢%
953(63) 5 ol

CsHi2 + 802 ----> 5C02 + 6 H0

a) What mass of BOTH products (separately) are formed when 105 g of pentane (C5H12) are
burned ?

ol SCO, L 4Y.0q _
10563 X ﬁg 1ty lmo? - 3&‘9 (/07’
1059 x e x 6H.O 1g.
0 x 1804 = jsg. O
R0 §C6Hm I mol 3 o
b) What mass of oxygen is needed to produce 66.0 g of water, according to the above reaction?

66, 08 X ‘MO‘ x 02 é%_,e_]‘) = '5%3 Oy

2.

rc———c——

l€- 03 [ f‘%z,ﬁ Iwo

c) What volume of CO: gas is produced (assume STP conditions) if 2.00 g of oxygen reacts W|th
sufficient pentane.

2.004 0, x dmol  8CO, y 23 UL | 5435 L o
3. 5C + 2S03 ----> 2 + 4CO

a) How many moles of carbon disulfide are produced by reacting 241 g of carbon?

Mg C x Imd 15 - -
3 X = o@x = 4. 02 vl

b) If we wish to produce 7.60 g of carbon disulfide, what mass of carbon should we use

3.0 .__.Q.\. ,if‘__ E_Q -

2Cu0 ---->"2Cu + O3
What mass of copper would result from decomposing 101 grams of cupric oxide?

WO x Imol £3.5
019 7“53)( ZWO Mﬁ %0 ?3@

4NH3 + 702 ----> 4NO3 + 6 H20

What mass of water is produced by the reaction of 3.40 grams of ammonia according to the
above reaction?

3U0gN¥z x Imel | €0 ‘WM . 686 9N
372 Ty 0y T . |

4.

5.

§



6. CoCl2:6H20 ----> CoClz + 6 H20

If you used 4.67 g of the hydrate, what mass of water would be driven off?

h6tg x lme) x GHo 1809 o
3 g Qf?;,q i CoCh u-'ﬁub 1ol = 4. 13 he

7. Given the reaction: 3 H2 + N2 ---> 2 NH3
a) Calculate the volume of N2 gas at STP, needed to react with 2.33 g of Ha2?

5232»3“7. X .L“l‘i’l x_ﬂ:‘}- X é“%ﬂ&m@ %\?QLNL

hrogen gas react with enough

b) Calculate the volume gas of NH3 produced if 3.0Lofh
nitrogen gas. H,)_ y Ny 32N

2 0LH, x ___ﬁ__;; .. 0. Ni'\g

Examples:

1. 3 H2 + N2 ---> 2 NH3 + 92KkJ

a) How many litres of hydrogen are required to produce 5.0 litres of NH3 at the same
temperature and pressure? Assume STP conditions.

SOL Ny x 3‘?@3 = 1.5 W,

b) What amount of energy is released when 5.00 grams of NH3 are produced?

5003“%3’( !I“’-;\ X ii;:g = |13.5eT

1>, 0
c) Given the reaction above, what mass of %rogen is needed to produce 889.0 kJ of energy?

B890KT x Nao  , Q%05 = 3F0aMg

O— z

aAa s ) e ol



2. 2 C10H22 + 31 02 ---> 20 CO2 + 22 H20 + 13483kJ

a) What volume of CO3 is produced when 17.4 litres of oxygen is used?

N, x 20602 . B
* 210~ H\l.lm QC)L
b) What amount of energy is released when 1.00 gram of C1gH22 is burned?
- ' <3 |
L 60qx mol x 134¥3KT
9% 1500~ AGeh, - 173k
3. 4NH3+502-->5H20 + 4 NO + 905kJ

a) What mass of NO is produced when 2.0 moles of NH3 react?

4Noe 2004 _ 00,04 NO
Q.Qr(’w‘ NHg xm ’ Lol - 3

b) What volume of NH3 is required to react with 00 litres of oxygen?

300L 0, x _ANBz = HyounHy

<0,
4 NH3 + 502 ---> 6 H20 + 4 NO + 905kJ

¢) What volume of gaseous water is produced along with 2.83 litres of NO?

2.83L NO % %{-ﬁ—) =14 25 H,O

d) How much energy is produced when 2.70 grams of NH;3 are burned?

Wy x lmd | 09K |
23 0g NH; 705" Tk, - 35.9¢s

e) If 200.0kJ of heat are produced, what mass of both products are also formed?

6120 1€.08 = 23.9 4 M0
JOOKT X ey X m;’? 2299 Ha

- el P oy TN y
Q00T , dalwet ,ﬁgﬁ&‘%t“ = 26.59 NO
¥ ! .
4. Nitromethane, a fuel occasionally used in som‘eq}é% racers, burns according to the following
reaction: :

4 CH3NO2() + 3 Oz(g) ------- = 4 CO2(g) + 6 H20() + 2 N2

a) What is the volume of CO:z is produced at STP if 0.335g of nitromethane burns?

0,335 lvo ! X ‘j_g__@;, x 4 1230 Co
3354 x é).ag Goano, Tt O3 cop




b) What volume of Oz is required to produce 0.250g of CO2?

0. 2560, C dwd o 36, L 2=, 0%5_
J 02 " 440y * uto, | Imed

c) How many molecules of N2 is produced when 3.0g of nitromethane burns?
0%2 L
3'06 X Imo) M Zﬂ'ﬁ_ X 6&1«%& Lgmiﬂ%‘z‘d
6\.0 9 4O NO Tro

d) If 3.0x 10?* molecules of nitromethane reacts, what mass of CO2 is produced?

W \ma\ 2. L{L{O <
3.06 10" m«x\d"ﬁ -w«Qqu%MO x _‘.a---ﬂ QQQSC.Ou

e) If 2.0 g of CH3NO: reacts with sufficient oxygen, calculate the number molecules of CO: that

duced. v
|sp.ro uce 9‘%% %m@\ X HC% ‘K; @ 62{»_5;”@ g& 0 % \{)2.2..
? {,{ b o >
Chemistry 11 Stonc iome ake Home Test
Name: Date: _ block:
Write a balanced equation and then solve each problem showing work and place the (\_ |

answer with correct significant figures and units on the space provided:

1. How many moles of water can be formed when 0.23 moles of hydrogen gas is burned? (3

marKS)QM2 ¥ 07’_ > &P\LO

0. 33 mo H‘L ® M
v 0.23mol

2. Sodium metal reacts vigorously with water to form hydrogen gas and NaOH. In a
demonstration, the teacher placed 1.2 grams of sodium into water, calculate the number of
moles of hydrogen gas that would be generated in this reaction.

(3 marks ) \\‘O\ ¥ HL - l.%}_ & ‘\saz_,c

| 2g x lmol bmol Mo
33% &N& s 0. 026 mol

10



SN

3. Given the following reaction: 4 NH3 + 5 02 ---> 6 H20 + 4 NO + 905kJ

a) What mass of NO is produced when 0.230 moles of NH3 react ? (3 marks)

0. 230wl NH@ X i‘ﬁp x 3009
%NH\,} bono | u
ans. @‘qeﬁ NO

b) What volume of NH3 is required to react with 1.40 litres of oxygen? Assume STP conditions.
(3 marks) ’

LMoL O, x lmd «ﬂﬁﬁz y UL
SBUL E062 lnel

ans: ’l (lL- MH%

¢) How much energy is produced when 0.700 grams of O, are burned? (3 marks)

6.9004 G, x md , 1058
3209 S0 2486 ks

ans:

e) If 2400 kJ of heat are produced, what mass of NHs reacted? (3 marks)
avooks x UNMz . 13.09 -
Q0S¢T fmol
ans: l 80 0\ N H 3
7

4, How many grams of aluminum oxide are formed when 8.0 g of oxygen gas react completely
with aluminum? (4 marks )

302 v4A > 24,0,

8.0g x Imel x 820y 1028 7, A0,
23,0 20, bnol | 3

ans:

5. Calculate the energy produced when 3.0g CioH22 reacts with oxygen? (4 marks)

11



2 C1oH22 + 31 02 ---> 20 CO2 + 22 H20 + 13483kJ (

3.60gximd , 13483%T
I3 05 20oh2

ans: ' L‘ 2 \43

4. Stoichiometry Calculations Involving Molar Concentration

Note: The volume is the volume of solution and not the volume of gas at STP.

Examples: (
1. a) The main component found in Tums™ is CaCOs. Stomach acid contains a dilute solution of

hydrochloric acid, having a concentration of 0.0010M. If a tablet of Tums™ contains 0.70 g of
CaCOs, calculate the volume of stomach acid that will be neutralized by the tablet B

CGCO& ¥ ;2 U - OQC:%% o ”\szg |
W%azﬁ) b {“‘Ql

0.309 CaCO3 x o) UG = 0,014 mol M

E()@%ﬁ 5@0@3
V= Ve = 0.0Mmel 4 soiom = IHL

b) What volume of COzg) at STP is produced if 0.10L of 0.0010M HClI reacts with excess amount
of CaCOz?

Mol = Mx\/ 0.00 0 X 0,10 L = LA X6 mo]

\(\)X\Q’L\W\Q\ HU % . 1C0- X QQ He = (). OOHL_.

2 Hd ! Mc}*s L

12



2. What volume of 0.24M NaOH is needed to neutralize 10.00mL of 0.320M H,S04?

0.01000L x .320M = 2.2 %10 3o Hy S0

3.2 X 10" %mol W, 60y » 2Na0k = ¢ U} o md Natd
FH,50y

-3
L:-&s 6 1x 10, 6024 ¥ 0.026% L or 26 mL

Definition: Titration is an analytical technique used to determine the concentration of an
unknown solution. To carry out this analytical method, the chemist would measure accurately
the volume of a solution of unknown concentration and react with a solution of known
concentration. The volume of the known solution is determined by finding what is called the
EQUIVALENCE POINT (stoichiometric point). This equivalence point occurs when all the ratio
of moles of each specie involved in the reaction equals the exact ration as determined from a
balanced equation.

3. In a titration, 10.00 mL of a vinegar solution (acetic acid) is reacted with a 0.10M NaOH
solution. The volume of NaOH when the equivalence point has been reached is 23.30 mL. What
is the concentration of acetic acid (CH3COOH) in vinegar?

Noow + CHsCO0H = Natk,coo + HoO
) I0Mx 0.02330L  [0he00% o | = 0232u

sy Ty

= | fadiq 010000
Mgt NaOk 0 |
4. What volume of 0.200M KOH is needed to react with 250.0mL of 0.150M HsPO4 in order to
produce a solution of KH2POa.

KOW ¢ HéPOq > KPou +Ho0

7
0.2500. x (S0 X | Mw% X . L HORLLR
! ‘%,3} Y“Qm é A 00 ™4 J—

Qi

CQ\QE‘Z f NQEC@3 - Cally § aMadd

5. If 50.0 mL of 0.20M CaCl; reacts with sufficient amount of Na,COs, calculate the mass
CaCOs produced in this reaction.

0.0500L x (.20M x 1Calls 1001y <) Qg
KMMM R \Cﬁé{%z gﬁ’”@”v i

Wﬁ@% gﬂi«% 2
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6. Aluminum reacts with sodium hydroxnde solution to produce hydrogen gas as illustrated by

the reaction: ( I
2Als) + 2NaOH(aq) + 2 H20¢) ---------- > 2 NaAlOz(aq) + 3 Ha(g) -

What volume of a 3.00M NaOH solution is needed to produce 50.0L of hydrogen gas?

50.0L x lmol o 2Na0% o L~y 5001
galie 2k, 3 .00

1. What volume of 0. 222M I-H is needed neutral.}g’S(;?mL of 073%! Mg(OH)z"a b

0.0500Lx 0.3+ m % b = O L
N — ! maéaﬁ‘)z 0.2224
Mol W\awmzn

2. A 10.00 mL sample of Ca(OH): is titrated with 33.04mL of 0.0122M HCl.
a) What is the molarity of Ca(OH)2?

X ). % \_ﬁ\ . - . %iﬁ,ﬁ({?%{) EL,, Q
O.0330Mux C.0\2e™ ¥ 2@&1 z X @@m@m

= 0.020M4

b) What mass of Ca(OH)2 is dissolved in the 10.00 mL sample?

0.0202+ x 0.01000 L X Falg = 6.0l 53

lnne

3. Given the following reaction between mercury ion and chloride ion:
Hg+(aq) + ‘2C|-(aq) """"" > HgC|(s)

A 25.0mL water sample containing mercury ion, reacts with 10.0 mL of 0.0133M CI. What is the
concentration of mercury ion in the water sample?

0.0100 x 6.0133u,, Hg* x |
NN 2C-  O.0250L
ol CI- U

C.OCz6eM 1




PoCn0z), + 2K = Pbly v ZKNO3
4. 25.0 mL of 0.10M Pb(NOs). reacts with sufficient KI solution. Calculate the mass of Pblxs)
produced in this reaction.

|5

02500 X 0NOM y Pbly 6la - 1.159

6,.0250\u X L2 \P\ou\loﬁx ‘ms\ﬁ |
MQ\V

5. A 10.00 mL sample of phosphoric acid solution is titrated with a 0.200M NaOH solution. The
endpoint is reached when 17.03mL of NaOH is added. Calculate the concentration of the H3POa
solution.

H3POs + 2NaOH ------ > NazHPO4 + 2H0
o. mom % 00103, 1HIPO | o
N N 2Naov . 010000
el Baok

0.130M

6. In a chemical reaction, 0.225g of solid BaSO4 is produced. If 100.0mL of a solution of
Ba(NOs)2 of unknown concentration is mixed with excess amount of Na2SOs solution, calculate
the concentration of Ba(NO3)a.

Bo (W03), + NOLEOu > BasOy » 2MNatly

0. 2280 % tmel y 1820, L = 4.6« 107
233, \%g | Ba&Oy ONGOOL

7. In order to analyze a sample of rock for iron, the rock was reacted with acid. The iron in the
rock is converted into Fe**(aq). The concentration of iron cation is determined by reacting with
dichromate ion as illustrated by the reaction:

Cr207% (aq) + 6 Fe**(ag) + 14H*(aq) ------- > 2 Cr3*(aq) + 6 Fe3*(aq) + 7 H20q)
If 17.0 mL of 0.133M dichromate ion is required to titrate (exact stoichiometric ratio) with 25.00

mL of Fe?* solution,
a) What is the molarity of Fe?*?

0.0130L x 01234 x g > « |
0447 0.0250L

= 0.543m

15



b) What mass of iron is present in the 25.00mL sample? ( 7‘

wmw

Most of the time when we have a reaction, we add too much of one reactant or another.
Because of this, onlyone of the reactants is completely used up and the other will have some
remaining. In order to solve stoichiometric problems, the reactant that we run out of first (called
the limiting reagent) is the one we MUST use in the calculations. Reason ? We do not know how
much of the other reactant is actually used and how much is in excess (INXS).

Example #1 : Ba + S ---> BaS
If we have 10.0 grams of each reactant a) which will be used up first ?
b) what mass BaS will be produced?

,Bﬁ

</

1

< Py

example #2 - 5 ' = !‘3'35 s
A double replacement reaction takes when 60.0 g of zinc chloride is mikXed with 60.0 g of
hydrogen phosphate. When the reaction is complete, determine the mass of each remaining

particle.

3 ZY\O b 2H5PO 4 -} Zr\g(%q) v AN o
- 60s/136, g [6oyMs0s |0 fom e
C.440 @ &2

- 3}\ AL T 2 : 0‘3% S ‘PX *%X

O‘* 3\8“«@\
X Q8,09 |
21,29




3. a) If 10.0 g of hydrogen reacts with 10
amount.

.0 g of oxygen, determine the reactant that is in excess

G.QQSMO\ X EWQQ - Hs
| imdﬁj

¢) Calculate the mass of the reactant that is in excess that is left over?

427%me ! x 2&5

L rvg

4. If 50.0mL of 0.100M HCI. is allowed to react with 30.0mL of 0.200M NaOH, which

reactant is

in excess? \'\a N NQOH »‘a C\
| [e.0050]0.0060 |

ﬁa»éwwwwxw-‘w-w%ww
i
| - 0. 0050
Tl T M 7SS )
AT

& |0 |0.000
5. t mass of Br; is €ed when 25.0g of K>Cr.07, 55.0 g of
reacted according to the equation: 4

KCr207 1 6KBr +‘7H2$04 --=f--- > 4Ks504 4 Cr(SO4)3 + 3Br2 + 7H20

X

eae;aﬁ.gu@mw;@ )
0. 0054

KBr and 60.0 g of H2504 are

0.00S 06

& )




Sometimes 100% of the expected amount of product cannot be obtained from a reaction. ( N
Percentage Yield — amount of product actually produced as a percentage of the expected ’
amount.

Mass of product obtained
Percent yield = x 100%
Mass of product expected

e Reasons for reduced yield:

1) reactants may not react
2) reactants may be less than 100% pure
3) products are lost

e Another important term'is percent purity
Mass of pure reactant

Percent purity = x 100%
Mass of impure reactant

Examples:

1) When 15.0 g of CH4 is reacted with an excess of Clz according to the reaction
CHs + Cl2 - CHsCl + HC ' C j
a total mass of 29.7 g of CHsCl is formed. What is the percent yield of the reaction?
First find the mass of CH3Cl expected (assume 100% yield)

5.0 CHy Lmel  x CHC 5059 - 4?'33
‘{6.05 | CHy Imol

#4.%0 >
s - 2.8/
2) What mass of KoCOs is produced when 1.50 g of KO is reacted with an excess of CO2

according to the reaction
4KO2 + 2CO2 > 2 K:CO03 + 302

% yield =

If the reaction has 76.0 % yield?
First calculate the mass of K2CO3 produced (assuming 100% yield)

.50g x Imel y 2¥C0y 18820 = | HY( 42076 =
| Tla  A4KO2 Yool J
Now introduce the fact that the percentage yield is 76% which reduces the mass of K2CO3

expected.
3) If 100.0 g of FeO produce 12.9 g of pure Fe according to the reaction

2Fe0+2C+02-—-> 2Fe +2CO2
What is the percentage purity of the FeO used? ’Z(i

100.0g x 'mol x 2Fe . 55B¢ = 121 o0, ..
Py a0’ 2209 < Mg " Plless



First calculate the mass of pure FeO which forms 12.9 g of Fe

Percentage purity = ‘ é) 67
. 0

4. The roasting of Siderite ore, FeCOs, produces iron III oxide:
4 FeCOs + 02 -> 2 Fe203 + 4 CO2

a) A 15.0 g FeCOs sample is 42% pure. What mass of Fe;03 can the sample produce?

Imol . 2Fe,04 .64 = 4 34
l5\05 x 042 = _...,..,,......“5 %3 X Aﬁ*aﬁ% lma} Oj

b) A second sample of FeCO3, with a mass of 55.0 g, is roasted so as to produce 37.0 g of
Fe203. What is the percentage purity of FeCOs?

2R0s 1S4y, 3T 9 319 00

319" m

55,00 x |mol X -
% \\533 X YfeCoy im@i

c) A 35 g sample of pure FeCOs produces 22.5 g of Fe203. What is the percentage yield of the
reaction?

0 Imd  x2Ea0s x 15969 gy 335 100 =923%
W58 U fecop  mned jmeﬁ

d) What mass of siderite ore with a purity of 62.8 % is needed to make 1.00 kg of Fe;03?

16000 = 2%  x=z15620 x lmo) x 2F8,00 o Sh.ba =
X 100 J WS % %%% mﬁ% 3 9&09

Answers: a)4.34g (b) 97.6% (c)93.3% (d)2.31x103g

1. In an experiment, 50.0 mL of 0.60M CaCl, solution is mixed with 75.0 mL of 0.40M NaCOs
solution. The solid product produced is filtered and allowed to dry. The following data is
recorded:
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Mass of filter paper: 1.07 g
Mass of filter paper + CaCOs: 2.27¢g (

a) What is the balanced equation?

CaClz v+ Nof0z = 2Natl + (aloy

b) What reactant is the limiting reactant'P
aCly | Moy Ned | Calls

% , l6.6%0% G G| OFSXx 0.4
_10.03016.036

c) What is the theoretical yield? C,

0:030x 0%} 33""36 O |6 | 0020

d) WLat is the % yield of the experiment?
gat  128.100= 40,07

2. Ina ﬁas@‘ 15.5 grams of aluminum metal are placed into a flask. In this flask, it is also placed (

46.7 grams of chlorine gas. If the product formed is aluminum chloride,

a) Write a balanced equation:
X {%WW 6

2A +30, > 2K05 A\{

b) determine the limiting feactant. O élﬁm @ ’ ‘ _—
O -2 | r2x -
2 | -0‘439;
o136| O | oM23

b) calculate the mass of aluminum chloride produced.

\U438mo\ 1835 =58 .5
© § \mweg o 3

c) What is the compound that is in excess? By how much (mass) is it in excess?

Al : 0136 x% gé’Pj
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e) If this reaction produced only 15.0 g of Aluminum chloride, calculate the percent

1500 w00 -as.en
5§.5¢9

2. Aluminum reacts with oxygen gas to produce Aluminum oxide. If 50.0 g of each reactant is
placed in a reaction vessel, and allowed to react.
a) What is the balanced equations?

b) Which reactant is the limiting reactant? A\ ; er k\‘bﬁ %
— 7 S0/ €W/ 22 o

1.85 L LS6 i

dx —1.39 {r2y o

¢ 10 o |oge®

c) What is the theoretical yield? That is, What is the mass of the product that would be
produced according to theory?

| Ogq
6‘ﬁ@5mo\ X w%;‘g‘g = qu 43
d) Which reactant is in excess? By how ﬁuch (mass) is it in excess? |

O + ONFmix 3209 - 54 g

Ik

e) If the reaction produ

ced only 22 g of the product (this is the experime;ntal ield),
] for thi -

A -

w;;} is

1. Consider the following reation:
2H2(g) + Oy(g) --—----- > 2 H20(g)
Identify the limiting reactant in each of the following mixtures:

a) 50 molecules of hydrogen and 25 molecules of oxygen.
b) 100 molecules of hydrogen and 40 molecules of oxygen.
¢) 0.50 mol of hydrogen and 0.75 mol of oxygen.
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d) 0.80 mol hydrogen and 0.75 mol of oxygen.
e) 1.0 g of hydrogen and 0.25 mol of oxygen.
f) 5.00 g of hydrogen and 56 g of oxygen.

2. What mass of carbon dioxide is produced in the reaction that will occur when 16.0 g of EACH
reactant are mixed and then reacted according to the following equation? (11.0g)
CHs + 202 ----> CO2 + H20

3. In a chemical reaction, 18.1 g of potassium are reacted with 14.0 g of oxygen to produce
potassium oxide. a) Determine the limiting reactant and the mass of the product.  (21.8g)
b) What is the reactant that is in excess quantity. By how much (mass) is it in excess? (10.3g)

4. Nitrogen can be prepared by passing gaseous ammonia over solid copper (II) oxide at high
temperature. The product of the reaction is copper and water vapour. If a sample of 18.1 g of
NH; is reacted with 90.4 g of CuO, which is the limiting reactant? How many grams of Nz is
formed? (10.6 g of N2)

Given the following reaction:  2NH3 + 3CuO ---- > N2 + 3Cu + 3 H20

5. When a mixture of silver metal and sulphur is heated, silver sulphide is formed:

16 Ags) + Ss(s) == > 8 Ag:S (s)
a) What mass of Ag:S is produced from the mixture of 2.0 g of Ag and 2.0 g of Se?
(239)
b) What mass of which reactant is left un-reacted? (1.7 g)
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g Nach = Lot + Nalz
When 21.8 g0

(\ 1, f silver mtrate are reacted with an excess amount™of sodium chloride, 17.6
g of silver chloride are formed. If this is a double replacement reaction, calculate the percent
yield of silver nitrate.

Q.80 x Imol x IAqCL 143, ‘Lg
%8 |69 ij lﬁ@N%g lmel 3. qﬁ

2. When 5.44 g of copper are reacted with an excess of oxygen, 5.10 g of copper Il oxide
are formed. Calculate the percent yield of copper Il oxide.

200 + Of 2200

SUUa x lmol Lo ‘Ms? = 6.8\
) 636\0}X Y ’ I btcyé% xioo = 9%

3. Ammonia, NHs, is produced by reacting elemental nitrogen and hydrogen at certain
temperatures and pressures to achieve a maximum yield. This process is called the Haber
process, after the man who invented it. If 21.9 g of nitrogen are mixed with sufficient hydrogen,
then 26.4 g of ammonia are produced. Calculate the percent yield for this reaction.
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