
Applications of Stoi chiom etry
1. How many grotns of coJciutn chJoride con be prepored from 60.4 g of calcium oxide ond 69.0 g of

hydrochloric ocid in o double displocement reaction?

CaO + 7l\(\ >
@,*1 @.o1 ? I

/  l i l  4  A A0.  \  /  |  : " t  :e :c . , . \ /  t rose+A,)  = ,D.  1f -..r-
56.o17't' gt^o/ I rrral Co.O /\ 7.ol 1

lbq .o  aHc{(ffi elnt) l##X "o "r #) = rcs e
.'. t05 g I CoCl, cr,*t be P,c/a'cd

2. How mony grloms of oluminum sulfote fortn when 6.7L g of oluminum reocfs with 12.95 9 of sulfuric ocid?

Z , A . t r  3 U L g + +  M r ( s d * ) s  r  s H ,
bnll  tz,q*g ?rqss{

/ l''''''''''''''''�:+sssssssssssssss�t , , \ ( l ,*or hl,(s)*t)/ s+ z,tss aai.\ = 42.5q
\  "LSevVglrwl J\ Z n t hr / l  r*t/ 

'---J

l 'W )1 t-*tltl,(y't\/ s'rz.$2e63,\ = 6.abg
I  qg,oft 18,!nl)\  3 ruv' ' l  Hr9)+ l l  wt I

:, l5,,ob S A(r (sq)= &"*
3. Aspirin, 6Hao1 is prepored rr 

?l[3,Trxt],"i t#8::i:lJ*r* 
onhvdride. ctF100s:

Tf 4.@ g of salicylic ocid are hqted wiih 8.0O g of acetic anhydride, whot is the theor.ef ical yieJt? Tf
the octual yield of ospirin is 4.36 9, what is the percent yield?

(W )/ tn,t ctth(4\l ,ro.t(,0rz:.,\ = s.zzJ
\ TTtzz e4 fl,,*tll I ^o t c-, tlt (L )l frl) \

. . .  5,22 S AsTir :n

Z5ict /  '  
# ; -  wo

VoAurrc/ = 'Ylvova{i,n( 3ie['l

= g3.b 2o y:clo{
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4. Oilof wtntergreen (methylsolicylote) is prepored by heating solicylic acid,GHoOr, with methonol, CH1OH:
CtHoOg+ CFIgOF+ + GHeOs + HzO

If 4.50 g of solicylic ocid is reocted with excess methonol ond the yield of oil of wintergre" is 3.73 g,
whof is thepercerfi yie}&

?o 5ield : 
ffi; 

x K)o : 1s.z ?. yietd

5. In on experiment 10.80 9 of butanoic ocid, C+HeOz, was heoted with 3.40 g of ethonol , CzHsOH,to produce
ethyl butcnoate, C5HpO2, ond ruoter. Whot is fhe theoreticol yield of the ethyl butonoote? Tl f he octml
yield wos 5.57 g, whot is the percent yield?

C.1FlgO" * C-lleO(l + GU'-Oz* il, 'O
to,W7 S..tO: 7 tw{f,�t

(to;? l,C:Yr, \/ !-'*t cr,[oa-)/ " b.tbt>@+,\ = t*z(g
t AB .\oL tszSl,#l ll I r,^p t C+H eo, ll ftiat I

/ 9..1ps,Ct ttqott 11 t ''et 4bt,a.%\/no. ruo o8s ,) - g.E7 s
[ 

- 
+ulo6 o+\tn'l l l @ou /t-- 

-"nt 
J

\ 4 ruo rd - i c J  ) i a l /  =86 .1  g  ZJ i e t , l  =  
# *Db .b5 ,O2"y ; cU

6. Phosphorus oxide is extrocted from phosphote-contoining rocks by reoction with silicon dioxide found in
sond:

rr 1.oo r or sond rhat is rc.o iff:f?3*li'";].:ffiHi",l*,"* ote*ophosphorus &coxide
could be produced?

( t . o o e ) ( o , 6 0 c l )  =  O . b l o  E  S ; O r =  b o o ' 4  E  b ' w * t 6 t S S ' D .

( t@. \ l  , , ^ " t . ,  ? ! ,n \ f  
t ss .  es1  oLs ,  

\ -  47zooo  j
\ bo . og+3 slnol / l 6 '.1 s;o" / \ t '^t /

= *12 b P*0,,

I 
q:p t C-,Wr ) / I r,^o I GHsfr\/,. z. wq rr-g ,\ _- 4.16a

I  t ja .Eze4 5t*t  l l  |  - ,1 C, l4td, Jt 
-nol/  "  ' -J
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7. A tonk of impure corbon monoxide contains 6.8 g of oxygen impurity per 10O.0 k9 of gos. The oxygen is
remored by reacting it with cobolf$I) oxide:

How many eroms of impure eos con ,:7r?,;,:r'ii2"f;it rhroush o cotumn conroinine 4r.e s of
coboltGl) oxide?

(W ,) l 'N,. \ /=t 'e7t,e,\s s,t ls oz
L 1+.43% g/*, / L * rnvl &o 1l *'t I

5.l l  s 0I = 9.t go" x s 1S.z Lq .\ds ca.ttz
x Vb go> )oo 'o V5 gas J 

Ye p*r'f e/

8. rironium is produced from rhe ,,T'J::,7;[,?;:!l 
,;,oo_lrlg"o""r*

How mony kirosncms or titonium "* uXiri""1t?;ft;T1?'il,",

I t r,^S,'tr = IOOO E5 .: l.@ r ,85 ", 1r (r

I l .oo 
^ ro6.U 

]/ |  ,ryvt T:ct+\/ |  rr.ot T.- \/ + 1_eB a, \
\  "q .61eb glu" l  l \  I  ,uol  TO,- / \  I  r ,ot  T:C[+ l l ,  i^)

=  5 1 7  + o e .  r o 3 3 5

9. Antimorry is ustnlly found os the minerol stibnite, SbzSg. Pure ontimony con be obtoined by o two-step
Processr 

2sbzss + 9oz tsboo + 6soz

How mony erorns of oniimony con be "oii,*;ffii.fflr.our?,rn,r"t

/  
l .oo '  to3 I  Sbzs.) /  I  * , t  Sb. ,01 \ /  4  nor  SL \ / rz t .us.  \

\  3zq.b18 glnol / \  z ' ,1 Sbrsr / [  |  uol Sb.p6 /t  ^ot I

E -lt l  
S Sb
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10. Cool from o certoin mine contoins 2.8O% sulfur. When the cool is burned ot o power generoting stotion,
the sulfur is conwrted to calcium sulfite. If 120O.O f of cool is burned ot the power plont eoch doy, whof
is the doily oufput of colcium sulfite?

5 * or -> So.,
So. '  Co,o ) &So.

t .
( \ z o O ' o t  ) ( o . o z 1 a )  E  3 3 . b b  S  =  3 , ' ? , 6  ' 1 0 7 3  S

l@\f I  ^no\So.\/r nrol C"cA\ /rtr,  r+zzj,\
( gz .Dtdo Jl*l /t I -tot s /L t turot SO- , L t+ot I

= tzS %1 b6z -b  3
= lZ L t ft Sos pet ,lay

11. The moss percenlage of chloride ion in o 25.0O mL somple of seowqter tros determined by tifroting the
sorrple with silwr nitrote. cousing the precipitction of silwr chloride. It required 42.58 mL of 0.2997 M
silwr nitrote solution to reoch ihe equir,olence point in the titrotion. Whot is the nuss percenlage of
chloride ion in fhe seowoter if its density is 1.025 g/nt"?

Cl' { & *O, -a hgCl + I.lO, 
-

? nrner 42.& r'L
o-Lqq1 A

Mol :  L-V-  (oz%1$>Cr.o+>1br- )= optz1b

(o.tztr" '"rl blccl) /t ".19..^ \l 3r,$5t3, ) =v  ' \ t n ^ r r  
A g N 0 3 / [  n n o l  I

4  f l -  r t -
lcs L t = t'/U55 U_ . t0 () =-  

f f i ss .  
I

rcl ,t^t3,
6, !525
+tz Sct-

ntdgs of sehlaltl'� = QS'oo ̂ ,L) (t ' oz5*, ) 
- zsbz{s

o.+sL t "17 Z
& - x , . , , l i  f f i z
25,62\ 5

CT
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L?. AspirinS (CgHeOq) is produced commerciolly from solicylic ocid (C7H6O3) ond ocetic onhydride (CcHoOs)
according to the eqtntion:

C7H6O1+ C+HoOt + fa{s}4* CzH+Oz
o) If oll of fhe solicylic ocid is anverted fo ospirin, how much soticylic ocid is reguired fo prepore 175 kg

of ospirin?

(ffir)( *f#a){ 
rsa tzL'tu,) - r 3y tLL vq

: 13* vg
b) If only 75.0% of lJle solicylic ocid is conrarted to ospirin, how much solicylic ocid would fu, rquired to

w"{"'e ttu *!!fl'U 
= l'.o- x = I-11 t'5 s4\;cr6e:L ac;d' 'qo1l

x I  o0.0
c) ff solicylic ocid cosfs $lO.OO/kg ond ocefic onhydride costs $13.0o/kg, which compound would you

choose as the limiting reactont in order to how the most economicol process? Justify your onswer.

<1,e aca{i c a ^l^Sd ,rt{t cos+s ftlNL prlutr.cf*. 30><
:Ano.tcl u* ?a Ubfu os Foto-,'bQ , a'vtd ;+ nt^^lrt
br d/1^ ,[ l-t i firrj r<clr.;lr aa"t.

d) Whot is fhe theoretical yield of ospirin if 2O5 k9 of solirylic ocid ore ollowed to react with 140.0 kg
of ocetic onhydrideZ

[ 2.0+ x to'q-Lutg\ / r yr c"Hr v\1uo, ,to 'r*,\ = 261 s1 t.t 3l .
t lsT .lz.z 8+ Slnv.l / t | ,,* | hllro, l\ 7"ol t

I 
t!!o!t - to' s cr'lrf:) 

1/ ',,""t,9$l,rl )/rro.r(ao r- 2,\ = z +) Db() .q7,( lo z,oe7 8+ e/'*l/ t 5*11o, /t Tl ) e

4trvorA;cJ yi"td .: 2+1 B a.splrin
e) If the actml yield of ospirin from port (d) as 20? kg, whot is the percent yield?

?" 5ickl = TeYl x po = 81.8 ?o 5le ld2+1 k5
f) Whot would you hor,e to chorge for o kilogrom of ospirin to covrer the cost of the ruw nroteriols?

(Ignorc the cost of labour. electricity. rmchinery, toxes, etc.)

(ws. q.wr. 
) 1r +pl g- H" I r\ /rge .tzzs* q.l -- 1b1 n Gpro, *ilr ftil .tbo tz O/r*l /! I ".ot Cql{gp.f / [ in, t f,

('ffi, X i*iffi-) ('"..oer 6{*) : 41 j ct H bos
t -. - \z- ApplicutionsofSfoichiometry-Answers-kge5ofll 

l^ttfu{

[0.)b1 VgC-rHe osX'to &n )* (odar15 Ca[e-)(re.oo7r; .? * ]5,0y*, asfititl



13. The Solr,uy process is an importont commerciol nrethod of preporing sodium corbomte. In the first step
of this process, ommoniq, wcter ond corbon dioxide react to produce ommonium bicarbomte. This producf
is then freoted in the second step with sodium chloride to ollow conwrsion to sodium bicqrbomte. Fimlly,
fhe sodium bicarbomfe is heafed, ond sodium corbonofe, corbon dioxide, ond wofer ore produced. ff this

Process is iniiioted with o streom of ommonio flowing ot the rote of 4O.O L/s, of whot note must corbon
dioxide be supplied in the first step? How to.rch sodium chloride (in grums pen second) is required to

Permit the second step to occur os reguired? Finclly, how nuch sodium corbomte (in groms), ond how
much corbon dioxide (in litres), are lornvA ewry second under these conditions?

N[, + HrO * cOL + titbl+ W(Dz

N\Hcc l ,  +  tJaCl  +  NaHCO.*Nl ' l ' {C/
2 NaICO= i+ Nar@. t cQz + HrO

/@ \ I t:4' \ / zz.+r.) = 4o.o L(oz
t zz.q ,/*l JL=ffinu'/l nbr l

\* 5k,e .; CO, ,u*{ be suPPLiel "t' 4o0 '/t '

| 4o.o L Pt\( ffi^;, ) t #) tffffi ,n(A) P' rI z'+"')
= tO*5

z"dsfep + to{ e/s 
I Nl "C[ f s ft6u i''<d

I qo.o L tctL\ | | *l Ntlrlkrr.\/ lrot lUfl(/r \/l^,,nh,qr., \/ tos,q&r!_ 
)t '

\zz,4u/rwt /( r"ffi7ti*'ro,l'l{4/[-ffitlro,/t w,J
: 1 * - b 1

ft"ol *eg t g{. be/s Na,CO: prodrru/

g+}$ ,){t 
'u,rruH*ncor\/r-,..or Mko-l \f t'q!4. -\/, z.+ L \\2^wNl /\ r,* r,$[-/ tmnTFrqjl ilnill(r, )t' 

;. n,,
trJ S\ry+ 2o.o L/, C(), ,,A**(
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14. HCN is o poisonous gos. The lethol dose is opproximotely 30O.0 mg HCN per kilogrom of oir when inhaled.
o) Cofculote the omount of HCN f hot gi\€s the lethol dose in o srnotl fabonotory room measuring 12 by t5

by 8.0 ft. The density of oir ot 26oC is 0.00118 glcm3.
M1,4la#ss o( a'ir in v&r-

[ ts +t) f rz :",\/  ,  .E =,^. \ = ' ts-r,zdtcrc' - -  
LTtt  lb 'a la1oia )

te f,, ( fr)ffi*,r) 
= z\3.?4(nc^

=  L t $  t f  6  s
= + 6 L g

t^hJ dot
= 7z*o,v / ks o';r)

x +e 4 a.trr/a lr,rnrr Jb roo tF'

the letholdose in the room?
ZMCN(s) + f{2SOa(oq) + t{oz$O4(oq) * 2HCN(g)

!* cJ"a iri'r,,* Xqs 1'?,'.a' ̂]O rs' ?v 6{c'-)
tY {3q m5 = , ' l

/Hqt lcN-  \ |L , " - r_
( T:"zs b* g/nol /\ z ,'t

IO"CN !+i ,ors-?,f1y, \ __
t+cN A 7"t J

=6 g lJaCN

c) HCN forms when synthetic fibres confoining Orlon@ or Acrilono burn. Acrilon@ hos an empiricol
formulo of CHaCHCN, ond so HCN is 509% of the formulo by moss. A ru9 meosures 12 by 15 ft ond
contoins 30 oz of Acrilon@ fibres per sguore yord of corpei. If the rug bufns, will o lethol dose of
HCN be Eew*ated in the room? Assunre thot the yield of HCN from the fibrcs is ?:}%snd the ccrpet
is 50% consumed.

Conrersions: 1 cm = 0.39370 in, lft = l?in, Ikg : l.lQ46 16, tlb = L6 oz

12 +1, = *.o 51'1rs..-,rs fcz{ = 
HwJ. 1.o,1o"4s

(^g; ('-tB $a*1.f,*e*'lt) 
= # "6uo't 30"'ds

An*n*ri ol Acrilut i't ,,ug i (soo, fn 1V*/)(Ha61*A )
= 3fu bAa oY

+efr. h3
11,o

$ tlcrila'p (g e c.o*v^',-ud )

H k^, ,lahl - ,ss,1/uore/trJ
4 , 2  

r

(&%"4G*)(*h,,r) =
6tebb)(o.so ) = #

Amrrwnl Hclv 
8'5

. -

A"I*,1,'6.;7cl' o f HuJ
= (% k.1 ) (o.zo ) =

+.3 r

t1o q
O , F V q  o r  $ f f i q '

4 J J
O , n

=) Ycs Vllit urill
.1.--O
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15. Vinyl chloride is the row rnoteriol for the production of commerciol plostic colled PVC. Vinyl chloride
contoins only carbon, hydrogen, and chlorine, ond it burns in oir (orygen) to form corbon dioxide, wofer
\,oPour, ond hydrogen chloride. If the combustion of ?.15? g of vinyl chloride produces 3.O29 g of corbon
dioxide and 1.257 g of hydroEen chloride, whaf is fhe empiricol formula of vinyl chloride?

-. C*lJsCl" n -C, -? (.o, * *- tl-o + - Flc[
2 ,1523

COz Mol = 3.OZct 1
Ll*.oolbg*v I

3 ,Oa 3 1 , 2 5 1 3

= O, O bg ezs 511 rv'ol CO,

: O .ob| AZ 5 5?t rvol L

x lz..Oll g/r*l
:r 0 ,gZfo b*O g8 g C in ai,*g',u"J

Y AS. ' f53  S / * l
=  \ . L z z " s L  o r 1 3  C \  i n  c o v P a s t

- y\Aass Cl = r.�russ lJ
l . 7 z z 5  t  O ' l 0 3 l g

\{t\ vno\ = \.25'1.1 : o . C>3 y +ls z+q rwt Hcl
Sb.*Loo r ' [5lr ' .of _ O .o=.i  r f-?s z*q rnol Cl

.--tol*l yn41^ss

Z .152  5

c
yf,zbb J
17.ot l  9/* l

0 . tl looeL 3 r'no I

Lt .o7'l'.{ &

z

w
O.IO3l -s
l,oo1q+ g/nol

WI
o .oTv{  g

3

.'. Cz Fls0l

c l

W s
3sf53 3/,*l

o- o7v.l8 ruol
o.oSvyo 

-

I

y\^ASS L

€ o. 8z"bL5
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16. Menthol, the substancewe con stnell in mentholqted cough drops, is composed of corbon, hydrogen, and
oxYEen. A O.10O5 g somple of rrenf hol is combusted, producing O.?8?9 9 of corbon dioxide ond O.1159 9 of
woter. Whot is the empiricol fornu.rlo for menthol?

-Cr l - lvO* + o '  +  -CP.  . - l { ro
O. ttD51 0,2T2ol5 O. tt54 5

O, ooo b't5 >

lq ,4rl

C,oH*C

0,000 b+Sz nul ()

0 .ooo b+a z

I

(F, ntol' O.$ZLq =
t+.Wt|3lnot

HrD rnol = D+9fu _ = O,1ob.f 83 rrtol *ro
f 8 . O t 5 2 8 $ / r w l  t Z =  0 . o t z e 1  r u r o l l l

x t .aol t*

aolo,t flt^ss
0 .  t o o S 5  a

Emp,r i  co)

j r v s s 1 - r v a s s H =  i l A . $ 0
} 'O1 ' t L l  5  

-O .Orzg1  
5 - -  D 'o lO3Z  $O

D.oo 6+ZA ruol CO-
? o'oo6'tzE rvol C

t (  tZ,oU g/  n" l

6r**lq,

O , 0 T 7 Z \  t  4
O lZ .  Dl t  STmol

0 '0o U*zZ r'4ol c
0,000 bLtSL

q ,qb

I .oo-) 7r+ Sh,^"l
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17. The choracteristic odour of pineopple is due to ethyl butyrute, o compound contoining corbon, hydrogen,
ond oxygen. Combustion of ?.78 mg of ethyl butyrote produces 6.32 m9 of corbon dioxide ond 2.58 m9 of
wqter. Whot is fhe empirical formulo of tltr-, compound.

- C x ! { v O r  * - O -  * ( 9 ,  +  - i l - O
Z.1b ng

'(Dz 
rnol = Q:OOh3z6

+q. Dolb3lnol

b.szry 2.56 rg

= 1.13L x lo' 4 ̂ ol (!)-
: l '+z6 * lo-* ̂ ol C

+.1cr l  x  la 's

s . q 1 1

,( tz.btl 3/uol 
s D , oc,t llzs 3 c

l6,qlq* 3/ru)

4.7otl , ts-s nal 0
2/,77 / r /o-3

l

i l -D rnol = 0.A)z;5,8 1. = l,+32 * lo-Y -ol HrO
t f t , p11? ts tmo l  rZ  =  2 ,8 (o l r tCs - ' l yyo l  H

y l.ot>-\Q'l gtnol = 2,e87 " b-trt]

A+wl rv s6 rnass C ft&ss ll = Mass 0
O,OoTTgt O.oot ' tzt5 - O.OAIZW1 5 

s 0'000 zbbs g O

6v*pi" I cal fo, n*lq

*.1q I " b-3

2 , 1 q 9

CuH b0

12. D t\  glr.* l

l. '136 *lb'1 ,.,.oLL
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5,7{: rg

18. Nicotine, a component of tobocco. is composed of corbon, hydrogen, ond nitrogen. ASSgOmg somple of
nicotine wos cotnbusfed, producing 14.242 nig of canbon dioxide and 4.O83 mg of wdter. Whof is fhe
empiricol fortnrlo for nicotine?

C0. rnol -- O .0 t lz+Z t
1+,W16 g/no\

lJr-O Mo I 5 ,0.06*o93 .3
lB,otSZS gluol

To+o"l mass rv\Ass C
'  

-  ^n 0-$sLL1 3
O.oO 523))

3,24 x lO-* ,r7o[ CO.
= J 2ru *. tO'* mol 4.

^  1 2 . O l l  g / n o l  =  0 . @ 3  8 8 7  3 C

2,2/ob4 ,  tO-V t .u , t  H. .O
t( / = 't.53?3t, tO'{ mol lJ

Y  t . @ 1 q 4  3 / r c 1  
' 4 ' 5 6 9 8 ' b a g H

rvrass H =-' rvlrtss AJ
o.ooo *{"ob g = 

o, ooo qouf|N

o.ooaqo6z6 N

I . Oolqq g/ nrl

L,47I r  Ns nol 0
L, +rl ' /o'3

I

+ . S j a *  r o 1 r u t H
L. +11 * Io'$

E^girical $r-ula

0 . 0 o 1  e | l  g  C
tz.otl  gl 'ni l

3.23o r tc-l "'.ol C
b-Y-11 'x lo'5

5.oOz 1'oot '

CrHr N
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