Applications of Stoichiometry

1. How many grams of calcium chloride can be prepared from 60.4 g of calcium oxide and 69.0 g of
hydrochloric acid in a double displacement reaction?

CalO + 210 = Call, + H. O
(0.4 4Ca0 /1 mol Ca C“‘t-)(uo.% )= 120
56. O77¥3/mo/ . L mol a0 mo‘

5.0 5 HCf
I mel Gall
3l 40 44 o/l >( meol Haz>(“0'%+73.:> = 1055

105 4 .g Call, com be prc/a.r((/
2. How many grams of aluminum sulfate form when 6.71 g of aluminum reacts with 12.95 g of sulfuric acid?

ZA\T 3” SO..‘. - lewq) 1—-3”;_
bl 12954 7ma$s

b7l gA) | ol Al,(S0¢)\ /342,153 28 >_
(26.66164—3/m1>( WY ’)( 4 )= 42.5

(\2.‘}5 & H, S0y ( [ mle(so,),ws‘n 15388 ¢ ) = 15-0b ¢
98 .01 463/ml I\ 3 el H,S04

e )5065 A‘Z(SQ‘,)-_:, ‘;-;rm—

3. Aspirin, GHgOy is prepared by heating salicylic acid, C;H:Os, with acetic anhydride, CsHOs:
C7Hs03+ C4HO3 9 CoHgO4 + C:H40;
If 4.00 g of salicylic acid are heated with 8.00 g of acetic anhydride, what is the theoretical yield? If
the actual yield of aspirin is 4.36 g, what is the percent yield?

400 6 CHaUs V[ Lol Gl 04 \/120. 012 4 | = 5.22
mel j

(St deua ol Yo voa,) - i

o 5. 22 4 Aspw.n prot'u.ctc/ W(omﬁcu/ﬁ‘e/c/
?u\yd‘of = L'L?’é « 100 = 3.6 205&/0/
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4. Oil of wintergreen (methyl salicylate) is prepared by heating salicylic acid, C;HsO3, with methanol, CH;OH:
C7H60'3 + CHaOH -+ CeHsO3 + Hzo
If 4.50 g of salicylic acid is reacted with excess methanol and the yield of oil of wintergreen is 3.73 g,
what is the percent yield?

(‘LSOﬁ C—,He_()*s)( \Mﬁ@s (152,145% 72_;2“> ““'/~9éﬁ

12802284 g/mel /\ | el CoHeOz

Do Sie[d = g__E‘) x 100 = 75.2 2. Hl'efc(
450 4

5. Inanexperiment 10.80 g of butanoic acid, CsHsO;, was heated with 3.40 g of ethanol, C;HsOH, to produce
ethyl butanoate, C¢H20,, and water. What is the theoretical yield of the ethyl butanoate? If the actual
yield was 5.57 g, what is the percent yield?

CquOz M C;H;DH - Cbun-oz. + H0
10.20q 3,404 7 Muss

(lO.E_O5 Cy 02 ( | ol ngﬁ)&>(llb.lb(>08_g_>= 1<h.24
88 0L B28/m) N | pol CyHeOe ol

(w (\mbl QH«;OL>(HG.WO 08_3_‘01) - 8.575

Bl .08 04 5/ me] I mol (,HsOH
Mugoreh'cod 3.‘¢lal =851 4 A yelc( = %5'377_ « 100 = 60 % yield

6. Phosphorus oxide is extracted from phosphate-containing rocks by reaction with silicon dioxide found in
sand:

2C03(PO4)2 + 6SIOz > 6605003 + P40]o
If 1.00 t of sand that is 60.0 silicon dioxide is used, how many kilograms of tetraphosphorus decoxide
could be produced?

(100 £) (0.600) = 0.600 £ Si0, = bOO. kg = b.0Ox 10%g SO,

(AW:.> [ el Py Q,9>(2es. 28 odg >_. 412 000,
LO . 0243 S5/mel b mel S04 o)
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7. A tank of impure carbon monoxide contains 6.8 g of oxygen impurity per 100.0 kg of gas. The oxygen is
removed by reacting it with cobalt(II) oxide:
4Co0 + Oz > 2C0203
How many grams of impure gas can be purified by passing it through a column containing 47.9 g of
cobalt(IT) oxide?

(4”3 Co0 (l_@_l_Qz [Sl.qseai>: 51l ¢ O,
rws! 5

74,4326 o/mo) | \ 4 mol (o0
5llg0, = £24% < = 752 kg oas Can
x kg gas  100:0k5 5% be purifed

8. Titanium is produced from the mineral rutile, TiO;, by a two-step process:
Ti02 + 2C|2 +2C>» TiC|4 +2C0
TiCls + 2Mg + Ti + 2MgCl;
How many kilograms of titanium can be obtained from 1.00 t of rutile?

Lt rubly = 1000 kg = 10O * fo"j cuh’G

(\.oo « 10F ¢ 3( I sl T:cl.;}( | ol T. (47-33_5

9. 8328 gl J\y mol TIO. A1 mol T, ok
= 599 H40€. 1033 4
= 599 kj T

9. Antimony is usually found as the mineral stibnite, Sb,Ss. Pure antimony can be obtained by a two-step
process:
25b;S;5 + 90, + SbsO, + 6S0;
$b406 +6C -+ 4Sb + 6Co
How many grams of antimony can be obtained from 1.00 kg of stibnite?

(\.oot lbsﬁﬁhkgs)(l mol S, 0, (4 el Sb »(121.75__1

ESC'. 098 5/mo) 2 rol S‘O;ga 1 mol Sb‘-fOL ol

= M7 58)0
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10. Coal from a certain mine contains 2.80% sulfur. When the coal is burned at a power generating station,
the sulfur is converted to calcium sulfite. If 1200.0 t of coal is burned at the power plant each day, what
is the daily output of calcium sulfite?

S + o)_ _'> SOZ
SOZ B Ca,o 2 C&SO‘S

.
(\200-04-)(0.02,30) = 32.bL S = 2BEx107g S

2,30 « 10"55)(' mo\ QO;_>(\MH\20. 1422 4 >
22.06k Ale] JU L mol S JUY mol SO ol

= 125 888 (b2 .b 4
= 120 ¢ (4S0s pe/c‘aj

11. The mass percentage of chloride ion in a 25.00 mL sample of seawater was determined by titrating the
sample with silver nitrate, causing the precipitation of silver chloride. It required 42.58 mL of 0.2997 M
silver nitrate solution to reach the equivalence point in the titration. What is the mass percentage of
chloride ion in the seawater if its density is 1.025 g/mL?

el o+ AﬁNOb - Aﬁa + 1\703_
7 mass 472.58 L

0-2997 M
vol = (V= (0297 22 ) (p.o4288 L) = 09276 mol ANO;
6.4525
(012 wol m)(t md U7 \[28:4534 ): 452 5
Ab | wol %I\)O.;)L mol

mass of seavater = (26,00 mL)(1.025g, ) = 2562

_ _ 0.452 .77 %
% (U = sl 00 = 24 - 497 % CL
Yodad uss 25,625 ¢
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12. Aspiring (CsHsO,) is produced commercially from salicylic acid (C/H.Os) and acetic anhydride (C4H:03)
according to the equation:
C7H603+ C4H603 - CgHeO4 + CzH40z
a) If all of the salicylic acid is converted to aspirin, how much salicylic acid is required to prepare 175 kg
of aspirin?

(1.15 x lo% 4 C1H6Q4>( Lol GH, O )( 128. 122 81‘,9‘> = 13 (bl. WL
o : >

1€0-1b01Z & /omo) 1 ol GaleO4
= 134 ky
b) TIf only 75.0% of the salicylic acid is converted to aspirin, how much salicylic acid would be required to
prepare 175 kg of aspirin? . . .
13(.‘: k: - —_l__s_-_(_)__ X = \-lci \fb Sﬂ\t(&'&(, aa(i WJ'(J
x )00.0

¢) If salicylic acid costs $10.00/kg and acetic anhydride costs $13.00/kg, which compound would you
choose as the limiting reactant in order to have the most economical process? Justify your answer.

“he acehe a/vx\AQAn‘oU osls  nove /W]Gvc you
Shonld wee s UM as pos=ble  amd shodd
be dAu \,thi‘h‘ng veactant.

d) What is the theoretical yield of aspirin if 205 kg of salicylic acid are allowed to react with 140.0 kg
of acetic anhydride?

2.0% » 1054 CiHe03\[ | mol CqHp Qu\[180.160 124 )_:
[ 138 .122 84 g/mo] )( ] ol c,H,,O_,X wol 2"739/'/_‘/

( l.«}oos/o‘_s_ﬁsﬂ»@z) (\ ol CollaOy
[0 2,085 84 o/mol/\ T ool C KOs

%orz-fa‘(wpaicld = 247 kj ASPirin

e) If the actual yield of aspirin from part (d) is 202 kg, what is the percent yield?
Zo Sie.\d = 202k x 100 = 818 % yre fol
2471 kg

f) What would you have to charge for a kilogram of aspirin to cover the cost of the raw materials?
(Ignore the cost of labour, electricity, machinery, taxes, etc.)

10004 CaleOy L mol GH O 128 172 84 )
<180 A0 12 /e (\n\o\ CF(HQOq ( —2“,) = 761 ) C;H(,O: ned

1000 § (qHeO4 (Lol CuH@
( )&O.\bm;b/mly( T wot C:Heoi ( 102, 689 64%'\ = 5674 CyHy0s

huded
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13. The Solvay process is an important commercial method of preparing sodium carbonate. In the first step
of this process, ammonia, water and carbon dioxide react to produce ammonium bicarbonate. This product
is then treated in the second step with sodium chloride to allow conversion to sodium bicarbonate. Finally,
the sodium bicarbonate is heated, and sodium carbonate, carbon dioxide, and water are produced. If this
process is initiated with a stream of ammonia flowing at the rate of 40.0 L/s, at what rate must carbon
dioxide be supplied in the first step? How much sodium chloride (in grams per second) is required to
permit the second step to occur as required? Finally, how much sodium carbonate (in grams), and how
much carbon dioxide (in litres), are formed every second under these conditions? .

NW, + H,0 + 0, » WHy KOs
NEYHCOy « NaCl > NahtcOs + NHC
2 Nal(oy 25 Na,05 + @, * K0

40.0L NH; ([ sl COL>(2,24L) .0 L (O,
22.4 Yml L ol NHy

%5'\'&(3 - (0, must boe Supp,.f?c{ at H0.0 S/

Lo.o L t\)’r\j (1 ol N\-L,H(,O_s)(\ mol Ua.q ) 8.2 77_3_(>
{ 22.4 Yol 1L Lol 0y Lo | N”%HCDB -

ans\—ep > o4 8. JO7 Nall is wcgul'r(d

(qO.OL wﬁ)( ! ool 1M Ws)(nmmxuws (mwaw, (zos.azzré_>
Znu“do.uﬂ)

22.H Ymo) lao ! NH | sl N MG ol
= ﬁ‘l—-bj

Es‘nd sﬁp -7 c)“f.bg/s NGLCD; onde

OL 1\3\'\} [ MO\NH*HLD’;) [ mol Nali0s | wmol (D
—_= . L3 I wmol Lt 2.4 L
@2 H Y mo) ( | a0l Uy ( L ol qu”‘%)(zmlmH@B(z 1 Wol>

= 20.0 L

Bl Step > 20040 €0, Hreduad
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14. HCN is a poisonous gas. The lethal dose is approximately 300.0 mg HCN per kilogram of air when inhaled.
a) Calculate the amount of HCN that gives the lethal dose in a small laboratory room measuring 12 by 15
by 8.0 ft. The density of air at 26°C is 0.00118 g/cm’. .
MasS D{' Ouny A voor~

- '
L\Z -ft)(lZ ih ((‘)i%“a‘]():n ~ 35S Ol cm - (o OOllgﬁ,t ‘)(% ’77456‘&&)
= 48 UL g
\Z3n | ¢ = 487,2607m -
bese) (122 ) (2em ) = 48 ky

[ 3 . = 243, 8405¢
L% (‘Z ")(o 239370 - Lﬂh&«o dOS(

l AT L =(3000ms [ ke a../')
(VW v OO M~ .
v = (257607 w45 7. 200‘::..-.)(2%3.8%(‘0\) X 48 kg alr

= 1943% mg = 14
= 40 T &35 o’ 2 9
b) If the HCN is formed by the reaction of NaCN with an acid such as H,SO,, what mass of NaCN gives

the lethal dose in the room?
2NaCN(s) + H.S04(aq) * Na,SO4(aq) + 2ZHCN(g)

/ 14 g HCN Xz ! M“X‘Hw—"”ﬁ:)’ 26 ¢ Na¢N

27.025 bt g/me) /\ 2 mot WCN

¢) HCN forms when synthetic fibres containing Orlon® or Acrilan® burn. Acrilan® has an empirical
formula of CH.CHCN, and so HCN is 50.9% of the formula by mass. A rug measures 12 by 15 ft and
contains 30 oz of Acrilan® fibres per square yard of carpet. If the rug bufns, will a lethal dose of
HCN be generated in the room? Assume that the yield of HCN from the fibres is 20% and the carpet
is 50% consumed.
Conversions: 1em=0.39370in, 1ft=12in, 1kg=2.20461b, 1lb=160z

2 {—k 4.0 bawds \S -fl,d 3—6‘3'676“ 20 L(G.VJS
cug > (40 3MX%-9basz§ - = sgubnl Oowds

20
Poanund 0{ Acvilom 19 vug - (3002 pr 36&14)(5:33%4@&)
= FbOo0z—~ OO o2
oz)(‘l b ( = 102 kg
6 0= A\ 2 2040 Ib 17.0
Qe——”ew;xoso Y= gt ki ferilin (80 %o consuned )

w()

2.5
Amou,ni (H;f; £o)(0-50) - 2 ks NEN - g thaorelice
Ade Lcl of HCM . @10,
(-2:5“ kj)(o 20) < 0.2Z kg o 5%99 > Yes Yhis wil
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15. Vinyl chloride is the raw material for the production of commercial plastic called PVC. Vinyl chloride
contains only carbon, hydrogen, and chlorine, and it burns in air (oxygen) to form carbon dioxide, water
vapour, and hydrogen chloride. If the combustion of 2.152 g of vinyl chloride produces 3.029 g of carbon
dioxide and 1.257 g of hydrogen chloride, what is the empirical formula of vinyl chloride?

_CMCly O, = __(0,+ _N0O+ _H(

2.\523 3‘02,?5 [-2‘575
COZ mol = 3.0chci -~ O0.0b8 225 579 wol Co,
‘H.oo%g)/ml

- 0.0 825 515 wol ¢
= 0.226 b%0 38 4 C in Ompound

RO wol = 1,287 4 ~ 0.02¥ 475 246 el HC

Y 25.453 g /mo]
= 1.222 25l 011 g Cl s compaund

—Totad mMass - wmass C - wass Ol = nuss H
20524 - 0.82hg - 12225 = 0-103lg

C H Cl
0. €260 4 0-1031 ¢ @1.22Z ¢
2.0\ 9 /mel | .00 S/mel 35453 §/mel
0-06223 mol 0-1023 mo) O- 03¥YE rmo/
O .03¥YE 0 .03¥Y8 003448
2 3 ]

L0 HLC)
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16. Menthol, the substance we can smell in mentholated cough drops, is composed of carbon, hydrogen, and

oxygen. A 0.1005 g sample of menthol is combusted, producing 0.2829 g of carbon dioxide and 0.1159 g of
water. What is the empirical formula for menthol?

__Cx Hyoz + O, — ~CO, + --Hz,O

010054 0.22294 O.1599
Ooz mel = Q.ZQZfI = D.00L422 ol (0=
“44. 009 g/me) = 0.006428 ol C

¥ 12.0ll g/mel = 0.07721 66

H,O0 mel = D.116%94 = 0.00b433 mol H,0
1801528, /rel X2 = 0.01z87mol H

¥ 1.00094 = 0.012.9'76 H

TTotal mass - mass ¢ - muss H = nass O
0.10055 —~ 0.012l4 ~o.0uzﬁ16: 0 .01032 30

E"W\P‘.rtcwt F%(Mu.,(’\

0.0T12] 4 € 0.01247 r H 0.01032 60
® 12.0\l g/mol l.oc1a4 g /mel 18,9994 g/me

0 .006422 Ml L. 0.0128 T molH  D.000 L4552 mol O
0.000 Y45 2 0.600 Lbt5 2 0.000 452

9.9 19 .84 |

C\onoO
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17. The characteristic odour of pineapple is due to ethyl butyrate, a compound containing carbon, hydrogen,
and oxygen. Combustion of 2.78 mg of ethyl butyrate produces 6.32 mg of carbon dioxide and 2.58 mg of
water. What is the empirical formula of the compound.

_CXH‘IOZ ""-—OL —> __.COL + ___.HLO

2.1 vy b.32mg 2.58 my
’COZ mol = OvOObSZﬁ ~ .43 *10'4 mol (O
44,0098 §/ms | = L4z6 < 107 mo) C
X lz.ouj/mol = D-OOI7Z‘53 ¢
HLD mo| = (.00248 = 1432 x 10" Y mol H,0
18,015 2% A/ o) x2 = 2.84 516" mol H

¥ 1.06794 o/ms] = 2.887v/o'3/f

Trokal pass - rmass ¢ - mass H = mass O
0.00218¢ - 0.00112<¢, ~ 0-0002887 ¢ = 0-000 7665 ¢ ©

EMP‘\HUJ F;D rnw.lq

o.oor_rzsﬁ C D.000 2881 -~ H 000 ol

12.00 ¢/mol WeepLl 57ml 18,494 g/mo)

1426 < (0™ mal 20045106 md . 4790 > 055wl O

+.74] <)o~ 4.74/ x/0°8 479/ ¥ JO°S
2.948 5.979 J

CaHO
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5.250 my

18. Nicotine, a component of tobacco, is composed of carbon, hydrogen, and nitrogen. A-§4§O-m§ sample of
nicotine was combusted, producing 14.242 mg of carbon dioxide and 4.083 mg of water. What is the
empirical formula for nicotine?

COZ mol = 0.0HZ'-FZﬁ = 3,236 x 10~ mol COz.
44-00983#\(0\ = 3,236 « 10°f mol €
K \2.0ll g/mol = 0.003 88756

H,O mol = 0.0040834 . 2.2664 * 0™ mol KO
18.01528 glmol X 2= 4.5328% 107 mol H
X 1.00794 a/mel = 4 SC88 x I67g o

Total mass -~ mass ¢ - mass H = mass N
- 0cosesl - 0000%kEBy =
0.00 5250 O.OOOQObzﬁ N

Emto‘mica,f Formula,

0.008 40626 N
0.003 2814 C o.ooo%ésaﬁ_&

J d \J
12.0ll g/mol 1.067154 g/mal 1Wm1
3,23 ¥ 1677 o) C 4532 0 10l H £.47F <05 el 0
b1} x160°° L4 «i0°® L4711« 10®
‘ , I
5.002 —7.006

CoHoN
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