b)

d)

b)

c)

d)

2C,H,, + 130, = 8CO, + 10H,0
2.46 g
246 g H,0x ~MHO 1 ol H,0
. X T - _ = LU m
&Y R 9802 ¢ H,0 ot
246 g H,0x L0 2molCHy s ol Ll
. = u. mo
&P X 1802¢ H,0 * 10 mol H,0 40
1 mol H,O 2molC,H, 358.14gC,H,,
246 g H,0 x X = 1.59gC,H,,
18.02¢gH,0 10 mol H,O I mol C,H,,
46 ol LMOIHO  13mol0, 320080, _ .
. X X X = J.
&Y 1802 H,0 © 10mol H,0 &= 1 mol O, LR
cC,H,O + 30, =» 2CO, + 3H,0
25 mol C,H,0 x —— 1, 75 mol O
m X = m
* 25eY % ol C,H,0 o
30 mol 0, x L EHO e om0
MO X T mo10,  © M e
30 mol 0, x 21LC0: _ 54 1ol O,
3 mol O,
23mol CO, x =D 35 010
m X — ¥ ___ = D 1IN
O X 5 mol CO, o
41 mol H,0 x =219 _ 41 o1 0
MO X T olH,0 ~ T MO
2 mol CO,
41 mol H,O X ——————— = 27.3 mol CO,

3 mol H,O



3. Fe,0,(s) + 3H,(g) = 2Fe(s) + 3H,0(1)

a) 2 mol Fe
25 mol Fe, O, x m = 50 mol Fe
7 omolFex 2O s
e S molFe — O MO
<) 1 mol Fe,O, 159.7 g Fe,0,
120 mol H,O x = 6388 g Fe,0,

3mol H,0 1 molFe,0,

4. N,H, + 7H,0, = 2HNO, + 8H,0
a) 7 mol H,0,

2.68 mol N,H, x m = 18.76 mol H,0,
2 egmolN,H, x 2MOHNOL s HNO

68 mol N, H, x ==~ N, mo ;

<) 8 mol H,0

2.68 mol N,H, x m = 21.44 mol H,O
5.  WO,(s) + 3H,(g) ==> W(s) + 3H,0(1)

250 g ? g ? g

) 250 « WO 1 mol WO, 1 mol W 183.84 g W 198 « W
a X X X =
EWS X 93184 WO, T Tmol WO, = 1mol W &

b) 1 mol WO, 3molH, 202gH,

250 g WO, x = 653 ¢gH,

231.84 g WO, © 1 mol WO, = 1 molH,
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SHEET 6 ANSWERS

1. 16.0 g of Ca,C reacts with 42.0 g of H,O according to the following reaction:
CaCy(s) +2H,0(1) — C,Hy(g) + Ca(OH),y(s)

a) Determine which reactant in the limiting reagent.
b) What mass of C,H,(g) and Ca(OH),(s) is produced.
c¢) Calculate the excess mass of the excess reagent

CaC,(s) + 2H,0(1) — C,H,(g) + Ca(OH),(s)
160 g 420 g ?g 7g

a) This question is usually not asked directly. If there is information given about two or more
reactants, this step MUST BE TAKEN.

Consider CaC, :

16.0 g CaC, x % = 0.250 mol CaC, available

0.250 mol CaC, x % = 0.499 mol H,O required
Consider H,O :

42.0 g H,0O x % = 2.33 mol H,O available

2.23 mol H,0 x % = 1.17 mol CaC, required

therefore the limiting reagent is CaC,

b) These are examples of typical final questions.

1 mol C,H,  26.04 g C,H,

2 1
0.250 mol CaC, x 1 mol CaC, ¥ Tmol C,H,

= 6.50 g C,H, produced

1 mol Ca(OH), 74.10 g Ca(OH),
1 mol CaC, * T mol Ca(OH),

0.250 mol CaC, x = 18.5 g Ca(OH), produced

c¢) This is not a typical question but it helps to point out that there will be left overs for the
excess reagent.

2 mol H,O N 18.02 g H,0
1 mol CaC, 1 mol H,O

0.250 mol CaC, x = 9.00 g H,O consumed

mass H,O excess = (mass H,O available) — (mass H,O consumed)
(42.0 ¢ H,0) — (9.00 g H,0)
= 33.0 g H,0 remains after reaction




2. Consider the following reaction at S.T.P. If 35 g of tungsten trioxide reacts with 15 L of Hs
at S.T.P., what mass of tungsten is produced?

WO,(s) + 3Hy(g) — W(s) + 3H,0(aq)

350 g 15.0 L ? g
Consider WOj :
35.0 g WO, x % = 0.151 mol WO, available
0.151 mol WO, x % = 0.453 mol H, required
Consider H, :
15.0L H, x % = 0.669 mol H, available
0.669 mol H, x % = 0.223 mol WO, required

therefore the limiting reagent is WO,

1 mol W 183.84 g W
X
1 mol WO, 1 mol W

0.151 mol WO, x = 278g W




3. What mass of H,SO, can be produced from 50.0 g of SO, , 15.0 g O, and an unlimited
amount of H,O 7 The equation is:

250,(g) + O,(g) + 2H,0(1) — 2H,S0,(aq)
50.0 g 150 ¢g ?g

Consider SO, :

1 mol SO :
50.0 g SO, x Wgsci = 0.780 mol SO, available
1 mol O :
0.780 mol SO, x WISOZ = 0.390 mol O, required
Consider O, :
1 mol O
15.0g O, x ﬁgi = 0.469 mol O, available

2 mol SO,

4 1
0.469 mol O, x ol O,

= 0.938 mol SO, required

therefore the limiting reagent is SO,

2 mol H,SO, N 98.09 g H,SO,
2 mol SO, 1 mol H,SO,

0.780 mol SO, x = 76.5 g H,50,




4. 40.0 L of O, react with 19.6 L of methane (CH,) at S.T.P. according to the reaction shown
below. What volume of water and carbon dioxide are produced at S.T.P.

CHy(g) +205(g) — COy(g) + 2H,0(g)

19.6 L 40.0 L ?7L@S.T.P. ?7L@S.T.P.
Consider CH, :
1 mol CH
196 LCH, x ———4  _— (.874mol CH ilabl
96 LC 4X22.414LCH4 0.874 mol CH, available
2 mol O
0.874 mol CH, x %CHZ = 1.75 mol O, required
Consider O, :
1 mol O :
40.0 L 02 X m = 1.78 mol 02 available
1 mol CH
1.78 mol O, x %1024 = 0.892 mol CH, required

therefore the limiting reagent is CH,

2mol H,0 22414 L H,O

= 392LH
1 mol CH, * Tmol H,O 59 20

0.874 mol CH, x

1 mol CO, N 22.414 L CO,
1 mol CH, 1 mol CO,

0.874 mol CH, x = 19.6 L CO,




5. What is the maximum mass of carbon dioxide that can be produced by the reaction
between 15.0 g of propane (C3Hg) with 60.0 g of oxygen gas?

CyHg(g) + 50,(g) — 3CO,(g) 3CO,(g) + 4H,0(g)

150 g 60.0 g ? g
Consider C;Hjg :
15.0 g C3Hg x % = 0.340 mol C4Hjg available
0.340 mol C;Hg x % = 1.70 mol O, required
Consider O, :
60.0 g Oy x 312‘%1’%0022 = 1.88 mol O, available
1.88 mol O, x %ICE)I;IS = 0.375 mol C4Hg required

therefore the limiting reagent is C;Hg

3 mol CO, N 44.01 g CO,
1 mol C3Hg 1 mol CO,




6. What mass of iron(I1I) oxide is produced when 20.9 g of iron(II) sulphide reacts with 10.0 L
of oxygen gas at 105.5 kPa and a temperature of 42 °C? What volume of sulphur dioxide is
produced at S.T.P.?

4FeS(s) + 704(g) — 2Fe,04(s) + 4S0,(g)

209 ¢ 10.0 L 7g ?7L@S.T.P.
105.5 kPa
42 °C
Consider O, :
PV
n = —
P = 105.5 kPa RT
vV = 100L 105.5 kPa x 10.0 L
n=>" n = )
, g3l a5 15k
kPa - L K - mol
R = 8.314
K - mol
T =42°C—31515K n = 0.403 mol O, available
4 mol F
0.403 mol O, x 2 2LES ) 930 mol Fe§ required
7 mol O,
Consider FeS :
1 mol FeS
20.9 g FeS x % = 0.238 mol FeS available
7 mol O
0.238 mol FeS x erzfﬁ = 0.416 mol O, required
therefore the limiting reagent is O,
2 mol Fe,O; 159.70 g Fe,O
0.403 mol O 23 23 = 18.4 g Fe,0
Ot E 7 mol O, * 1 mol Fe,O4 & Fe2ts
4 mol 22414 L
0.403 mol O, x 20150, 50y _ 5161 50,

7 mol O, * T mol SO,




7. Nickel metal can be highly purified using the Mond Process:
Ni(s) +4 CO(g) — Ni(CO),(g)

In the first step of this process nickel metal is reacted with carbon monoxide under high
pressure and heat to produce a gas product known as nickel carbonyl (Ni(CO),). If 40.0 g of

nickel metal is reacted with 5.00 L of carbon monoxide at 60.75 atm. pressure and a

temperature of 875 K, calculate the resulting total pressure of all gases at 25 °C and total
volume 5.00 L. Hints: nickel is the limiting reagent, Dalton’s Law of Partial Pressures could be

used to solve this problem

Calculate the amount of CO(g) available:

LV
P — 60.75 atm kPa x —0l320 kP pa RT
1 atm
V = 5.00L 0 - 6155 kPa x 5.00 L
=7 - .
S o PLLLMLI R
R_83141<13a-L K - mol
77K -mol
T = 875 K n = 4.231 mol CO available

Calculate amount of CO(g) consumed in the reaction:

1 mol Ni 4 mol CO

40.0 g Ni
& X 5869 Ni ~ 1 mol Ni

= 2.726 mol CO consumed

Calculate the amount of CO remaining (unreacted):

amount CO remaining = (amount CO available) — (amount CO consumed)
= (4.231 mol CO) — (2.726 mol CO)
= 1.505 mol CO remains after reaction

Calculate the amount of Ni(CO), formed:

ImolNi 1 mol Ni(CO),

40.0 ¢ Ni
008 Nix Ze 0Nt © 1 mol Ni

= 0.6815 mol Ni(CO), formed

Calculate the total amount of gases after reaction:

total amount of gases = (amount CO remaining) — (amount Ni(CO), formed)
= (1.505 mol CO) + (0.6815 mol Ni(CO),)
= 2.186 mol of gas remains after reaction




Calculate the pressure of remaining gas:

P _ nRT
P =7 v
V = 5.00L
kPa - L.

n — 2.186 mol gas 2.186 mol x 8.314 amo x 298.15 K

. P = ‘
R = g3k 5.00 L

K - mol
T = 25°C - 298.15 K P = 1084 kPa
1 at
1084 kPa x ———2 __ _ 10.696 atm

101.325 kPa




Sheet #7
. CaCOs 2 Cal) + (02

I mei CalOs I mpl CO2 20414 (0
b) 2259 CalOs ¥ \00.08({?53_603 frrol Catos X imei C0a — 50389 L CO2
actual yie
c) % yicld = Theorehical yicld * 106 s
22.2 L CO=
= 50388 L *100%,
_ = 55.97 %
v (5Dq
2. Fe + Cu504 = F€504 + Cu
consider Fe !
lmolFe
509 Fe *ssgusgFe ~ 08952 mol Fe (availakte)
ol Cuso,, i
08953 mol Fe X TpotFe 7 08953 mol CuSOn Lrequured)
consider Cud0y*
Imﬂ'CuSO;;

1509 Culoy ¥ 153.6084 cuso.,:O.Cis':i‘B mel Cus0y (asailabic)
x| piciFe, _
023%9% mol CuSoy " Il cus0y = 3.94392 ol Fe (rchmrd)
 Fe g the amng reagent,

imol Ol 63.5%gC0 _
o) 0.8953 moiﬂ_‘r’acciln‘alf'—c *Traolca ~56.99%9g Cue

2g -
e) “hyiedd = suga3gcu X 100%e
=75.58 %

B 2CHe + 702 = 6Ha0 + 4C0:
I ol CoHe X &emMmal HaD xlS.Ol;gHzO__

_403 CaHe x30.0703 CaHe © 2ol CaMe ~ ImolHa0 — 78929 H20
blg H20

: P/ogic|d= 71829 H20 X 100 %s
. =83 46 %
4. MgaJ\jz toH.0 = 2 NH3 + 3M9COH).1

consider MgaNz "
[ mol MaaNs
50\09 MgaN2 ¥ 1pu.a2qg Mgsl. ~ 0. 49454 mo] MgaN’g (availacle)
bmol Had
04454 mol MgaN2 * trrot Mgala = 2,724 mol H20 (required)

Lonsider Fl20
lmolH2e

30.09 H20 ¥ 335g4:0 ~ 1. 6653 mot Hz0 (available )
I mol Maalz

16bS2 ol H20 “GmoiHe0 = 0.2776 mol MgaNz (_rqurcrl)

- HaOusthe timiting reagent.
3ol Matod}, BB 39 MaloH),
L6653 mol Ha0 ¥ & miol Hao *x imol Mgtorla il T 4€.554 g Mg(OH)J.
409 MgCOH),
- o Uield = SE55ag 0= X100 %

= 82.%7%

{continued on next page )



5.

P=9g kPa

v=T L
2 mpl NHa _
N= 16653 mol Hz0 ™ Trmol Hzo  ©.5551 mol NH3

kPa L

R34 ol K

T=25°C +27315 = 298.5K

nRT
V="p kPa b
_0.555Imol ¥E.3i4 5T r 2985 K
A8 kPa.
=04
(oFNH2)

H % yicill wasthe saime

oML NHz X €227 %

TILS63 L NHs

N. + 3H, = 2 NH2

conzider Nz

tmol Ma
oL N2 X Z2%90Nz ~ 0. 446l moi Na (avalabic)
ZpnntHa o
Doadbelmel N Toosire -~ L 338 3 ot ia Lr-cqwrr(;)
consider Ha
FrplH2
25 L Ha ¥ 224 w2~ L IS4 mol Hz (avaiable )

Il miol No
L4 mal Ha ¥ 3mel Ha 703718 mol N2 (requiied)

Yo Ha s the limiting reagent
2mot NH; | 22 4IFL NHE

LUSHmol He X ZmolHa © ImiolNHs 16,667 L NH3
IS L MH3

*lo yicld = I5.667 LNHz X |ppe
 89.99¢ /e

. 302 441 = 2A1,04

Consider O

Yol Oa _
FL 02 X Zuios ~0.2230 mej 02 {available)

4osi Al
0222l mol 0z * Zmoloa ~ 0. 2975 mol A (requred )
Corsider R
lynol Al
291\1 yzb.%lg AT 0.0741 mot Al {available)

3mal0; -
0.074 mol Al © ¢moitl ~ 0.0556 mol Oa (rcq-,vr‘fd)

Y AT isthe limiting reagent
2mol Al205 _ 101.961g Ma0s
D079 mol Al ¥ Tmol A1 lrrotAlz0a -3-7733 AM20s
L9502 ALl Q-
“/e yreld =37789 AMzos ¥ 007

= 78.08 °/s




7 a)ZngO $""ng + 02

101,325

ot Tatm. 101325 kPa
_V:? L
| ol H_g;O lmol Oz _
n= SOD_quch T7.79g Hgs0 ZmolHgal ~ 0.599% mol O
Ka
R=28.31% mo K

T=185°C +273.15 = U585 K

0.5993 ol 0z * 2.314 EP& L L 4ep sk
I01.325kPa.

D =22.54L0L O
asL QOa

Uo yicld = 22529102 x100%

V=

&= 30849 %
lmolHgz o "fwm g x 200.599Hg _
b) 5009 Hg20 * 4171743 Hga0 “ 2 mol Hga0 * Jimoitlg ~ 480.825g Hg

<) o o 3|cld was the same,
450.6259 Hg X 30.249 %
=148.%524749 Hg

d) The mass in b) would be 'awcertothe experimertal observahoins becansce aus & rarderts reccver

- an h‘qmds orsotidzin a rcacdion.

g 2Fe.0s @ 4Fe + 302

; 561t FeaDa g5.5LFe 03 lecacaoy Fg,‘_o_,,y lorod FerOs , 4ral Fe 55,8459 Fe
{2200+t 1ronore * 1oot iron a;-.?t loot Fea0a 1€ FeaO3 59.687g Fea 03 " ZmoiFea20s ol Fe
Fe

* jo00000g Fe ~ 4092.92%t Fe



