Suggested Answers on Note (Chapter 10) P.1

Elements H C
Relative atomic masses 1 12
One mole weighs Ig 12g
Number of atoms in 1 mole 6 x 1023 6 x 1023
Number of atoms in 2 mole 2x6x10% 2x6x10%

Formula Term to describe its mass Molecular or Formula mass
H2O Molecular / Formula (1) x2+ (16)x1=18
Ca(OH)2 Formula 74
H2SO4 Molecular / Formula 98
Na2COs.10H20 Formula 286
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Symbol / Relative Formula mass / Molar mass
Substance | chemical atomic relative molecular | (mass of 1 mole
formula mass(es) mass of substance)
Magnesium Mg Mg =243 |1x243=243 24.3 g mol-!
N”éoggse” N2 N=140 |2x14.0=28.0 28.0 g mol-’
_ 2x16.0=32.0
(Sj‘i’(')f’(%“; SO, g)=_3]26i0 1x32.1=32.1 64.1 g mol-
' Total =64.1
12x16.0=192.0
O =160
lron(lll) _ 3x32.1=963 I
sulphate | €250 [S:e‘ 3?55] g [2Xx558=1116 399.9 g mol
' Total = 399.9




2.

Examples:

1. Molar mass of carbon dioxide =12+ 16 x2=44¢g
Mass of carbon dioxide =7.5x 44
=330g

2. Numberofmoleof Mg =24/24=0.1
Number of Mg atom = 0.1 x 6 x 1023
=6 x 1022

=1.5xlL
=1.5x6x102
=9 x 1023

3. Number of Na atoms

4. Number of moles of zinc ions=3 x 1024 / 6 x 1023
=5
There are 5 moles of ions in 3 x 1024 zinc ions.

5. (a) Number of SO2 molecules =0.35x 6 x 1023
=2.1x102
(b) One SO2 molecule contains 1 S atom and 2 O atoms
Number of atoms present =3 x2.1x1023
=6.3x 102
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. Relative Formula mass /
Chemical . .
Substance atomic relative molecular Molar mass
formula
masses mass
Hydrogen H=1.0 I
chloride HCI Cl=355 36.5 36.5 g mol
Ethanoic H=10
acid CH3zCOOH C=120 60.0 60.0 g mol-!
0=160
Aluminium H=10
hvdroxide AI(OH)3 O0=16.0 78.0 78.0 g mol-!
Y Al'=27.0
Magnesium C=120
cor%ono’re MgCO:s; O0=16.0 84.3 84.3 g mol-!
Mg =24.3

Number of mole of oxygen =20/ (16x2)
=0.625




3. (a) Molar mass of CxHox =210/ 2.5
=849

(b) 84 =12x+ 2x
X =6
therefore, the chemical formula = C¢Hi2

4. (a) Number of moles of Cu=12.7/63.5=0.2
Number of copper atoms =0.2x 6 x 1028 =1.2x 1023

(b) Number of moles of iron =3 x 1022 / 6 x 1023 = 0.05
Mass of iron = 0.05x 55.8 =2.79 g

5. (a) no.of moles of ammonia = 0.25
no. of ammonia molecules =0.25x 6 x 1028 =1.5x 1023

(b) One NH3z molecule contains 1 N atom and 3 H atoms
no. of N atoms = 1.5 x 1023

(c) no.of Hatoms=1.5x1028x3=4.5x 1023
(d) total number of atoms =1.5x 1028 + 4.5x 1028 =6 x 1023

6. (a) no.of mole of MgClo=1.2x 1024/ 6 x 1023 =2
mass of MgClo =2 x (24.3 +35.5x2) =190.6 g

(b) no.of mole of Mg2t =2
mass of Mg+ =2 x24.3=48.6 g

(c) no.ofmole of CIr=2x2=4
mass of CIF=4x35.5=142¢g

7. (a) no.of formula units =4.5x 6 x 1028 =27 x 1024

(b) One formula unit of K2SO4 contains 2 K+ ions and 1 SO42 ion
no. of ions =2.7x 1024 x (2+ 1) =8.1 x 1024

8. (a) no.of moles of CaCl,=3.3/ (40 + 35.5x2) =0.03
no. of formula units of CaCl, =0.03x 6 x 1028 =1.8 x 1022

(b) no. of chloride ions = 1.8 x 1022 x 2 = 3.6 x 1022

9. No. of HoO moleculesin 1 mole = 6 x 1023
Mass of one HoO molecule =18/ 6x 1023 =3 x 1028 g

10. (a) Molarmass of Be =9 g
1 mole Be atom = 6 x 1022 Be atom =9 g
Mass of 1 Be atom=9/6x102=15x 1028 g



(b) Mass of 1 SO, molecule = (32+2x16)/6x 102

=1.06x 1022 g
11.
Molar mass Number of Number of
. Mass of moles of
Chemical of molecules /
Substance substance | substance .
formula substance formula units
(g mol1) present (g) present present
(mol)
Niregen | No, 46 59.8 130 | 7.8x102
dioxide
Lead(ll) PLO 223 44.6 0.2 1.2x 102
oxide
Ammonium 5.4 x 1024
carbonate (NH4)2COs 96 864 ? formula units
12. Remark: L is the Avogadro’s Number
Substance NU:::;: of Mass (g) Number of particle
Chlorine molecule 5 142 Cl2 molecules: 2L
(Clp) Cl atoms: 4L
Phosphorus P4 molecules: L/2
(P4) 0-5 62 P atoms: 2L
Sulphur Se molecules: L/2
(Ss) 0.5 e S atoms: 4L
.. SO2 molecules: 2L
Su'ph(‘grg')ox'de 2 128 IS atoms: 2L
g O atoms: 4L
) . Total no. of ions: 2.4 x 1024 = 4L
Sodw(rEGhédHr)omde 2 80 Na* ions: 2L
OH-ions 2L
H atoms: L
. . S atoms: L/2
SUlp(EUS”g ()jc'd 0.5 49 O atoms: 2L
24 H* ions: L
SO4% ions: L/2
SUCTose C atoms: 6 x 1022=0.1L
(C12H22011) 0.00833 2.85 H atoms: (0.1/12) x 22L
1212211 O atoms: (0.1/12) x 11L
Hydrated copper(ll) H.O molecules: 5L/2
sulphate 0.5 125 Cu?*ions: L/2
(CuSQO4.5H20) SO42 ions: L/2
Hydrated sodium H.O molecules: 20L
carbonate 2 572 Na* ions: 4L
(Na2C0O3.10H20) COz% ions: 2L




/.
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no. of moles of CO2=12/24=0.5
mass of CO2=0.5x (12+16x2)=2209g

no

no.

No.

no.

No.

No.

no.

.of moles of NHz3 =6 /24 =0.25

of moles of Cl, =4.56 /24 =0.19
of molesof O2=6/24=0.25

of O, molecules =0.25x 6 x 1028 =1.5x 1023
of O atoms=2x1.5x 108 =3 x 1023

of molesof No=4.2/28=0.15

volume of N2 =0.15x24=3.6 dm3

of NHz molecules =0.25x 6 x 1023 =1.5x 1023

Gas Mass of 1 Mass of gas Number of |Volume of gas
mole of gas present moles of gas at r.t.p.
H2 209 0.40 g 0.20 mol 4.8 dms3
CO2 4409 40g 0.091 2.18 dms3
SO2 640¢g 1609 0.25 6000 cms3
O2 320g 39.68 g 1.24 mol 29.76 dms3
no. of mole of CHs =1 /24 =0.0417
no. of molecules = 0.0417 x 6 x 1023 = 2.5 x 1022
Molar mass| Mass of e 6l No. of gas Vel
Gas (g mol1) as (a) moles of molecules | 995 atr.t.p.
g gas g gas (dm3)
Ho 20 1.0 0.5 3 x 102 12.0
O2 32.0 12.8 0.4 2.4 x 102 9.6
CO2 44.0 22.0 0.5 3x 102 12.0
CHgs 16.0 2.0 0.125 7.5 x 1022 3.0
SOs 80.0 20.0 0.25 1.5 x 1023 6.0
U“kr)‘(own 17.0 4.25 0.25 1.5 x 1023 6.0
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Number of moles of methane gas

= volume of methane gas / molar volume of gas
=1.0dm3/ 24.0 dm3 mol-!

= 0.042 mol

Number of methane molecules = number of moles of methane gas x L
=0.042 mol x 6.02 x 1023 mol-
=2.5x 1022

Number of moles of gas

= volume of gas / molar volume of gas
= 600 cm3 / 24 000 cm3 mol-!

=0.0250 mol

Mass of gas = (78.98 - 77.53) g=1.45¢g

Molar mass of gas = 1.45 g / 0.0250 mol = 568.0 g mol-!
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Urea

CO(NHz)2 % N=[28/ (12+16+28+4)] x 100% =46.67%
Sodium nitrate

NaNO3 % N=[14/ (23+14+48)] x 100% =16.47%
Aqueous ammonia

NH3 % N=[14/(14+3)] x 100% =82.35%
Ammonium sulphate

(NH4)2SO4s % N=[28/ (28+8+32+64)] x 100% =21.21%
Ammonium phosphate

(NH4)3PO4s % N=[42/ (42+12+31+64)] x 100% =28.19%

Complete the following table:

Relative | Formula mass / | % by mass of each
Compound| Formula | atomic Relative element in the
mass molecular mass compound
Sodium Na = 23.1 % Na = 39.4%
chioride | N9C! | cr=355 58.6 % Cl = 60.6%
H=1.0 %H=11.1%
Water HO 1 5=160 18.0 % O = 88.9%
Zine In=65.4 % In = 65.8%
hvdroxide In(OH). | O =16.0 99.4 % O = 32.2%
Y H=1.0 % H = 2.0%
. H=1.0 % H=2.0%
SUPPUIC | Has0s | 5=32.1 98.1 %S =32.7%
0=16.0 % O = 65.2%

Formula mass of MgSO4e7H.O = 246.4
% by mass of water in MgSO4e7H20O =7 x 18 / 246.4=51.1%

Formula mass of CaClaenH2O =111.1 + 18n
% by mass of water in CaCloenH2O =18n / (111.1 + 18n) = 49.3%
= n=6

Formula mass of Na2COgzexH2O = 106 + 18x
no. of mole of NaxCOgzexHO = 14.3 / (106 + 18x)
no. of mole of HHO =9 /18=0.5
mole ratio of Na2COzexH2O : H O =1 : x
[14.3/ (106 +18x)] /0.5=1/x
= x=10
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Element

Cu

Cl

Mass of element / g

47.4

52.6

No. of mole 47.4 / 63.5=0.75 52.6 /35.5=1.48
Relative no. of mole 1 2
(Mole ratio)

The empirical formula = CuCla
If the formula mass is 270, then the formula is Cu2Cly
If the formula mass is 540, then the formula is CuaCls
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Element Mg C ®)
Mass of element / g 28.6 14.3 57.1
No. of mole 1.2 1.2 3.6
Relative no. of mole 1 1 3
The empirical formula = MgCOs
Element Pb o)
Mass of element / g 1.374 -0.126 = 1.248 0.126
No. of mole 0.006 0.0079
Relative no. of mole 3 4
The empirical formula = Pb304
% by mass of O in compound X =100-40- 6.7 = 53.3%
Element C H o
Mass of element / g 40 6.6 53.3
No. of mole 3.33 6.7 3.33
Relative no. of mole 1 2 1

The empirical formula = CH20.

Let the molecular formula of compound X be (CH20)n, where n is a positive

integer.

Molar mass of (CH20)n = 60.0 g mol-!
(12+1x2+16)xn=60

= n=2

The molecular formula of compound X

= (CH20)2

= CoH40O9




In 100 g

Element C H
Mass of element / g 85.7 14.3
No. of mole 7.14 14.3
Relative no. of mole 1 2

The empirical formula = CHo.

Let the molecular formula of compound Y be (CH2)n, where n is a positive

integer.

Molar mass of (CHz)n = 56.0 g mol-!

(12+1x2)xn=>56

= n=4
The molecular formula of compound Y = (CH2)4
= CyHs
In 100 g
Element C H o
Mass of element / g 60.0 4.50 35.50
No. of mole 5 4.5 2.22
Relative no. of mole 9 8 4
The empirical formula = CoHgO 4.
In 100 g
Element C H o
Mass of element / g 26.09 4.35 69.56
No. of mole 217 4.35 4.34
Relative no. of mole 1 2 2
The empirical formula = CH202
Let the molecular formula be (CH20)n
Therefore, n (12+ 1x2+16x2)=46 = n=1
The molecular formula = CH202
(a)
Element Pb o
Mass of element / g 62.1 68.5-62.1=6.4
No. of mole 0.3 04
Relative no. of mole 3 4

(b) 2PbO + PbO7 = Pb3O4
PbO : PbO2=2:1

The empirical formula = Pb3Oa4



In 100 g
Element H S (@)
Mass of element / g 2.40 39.0 58.60
No. of mole 2.40 1.22 3.66
Relative no. of mole 2 1 3
The empirical formula = H2SO3
(@) (i) massof H=9x(2/18) =1g
(i) massof C=5.8-1=4.8g
(iii)
Element C H
Mass of element 4.8 1
No. of mole 0.4 1
Relative no. of mole 2 5
The empirical formula = C2Hs
(b) (i) 1.2/M=0.5/24 = M =57.6 (molecular mass)
(i) Let the molecular formula = (C2Hs)n
n (24+5)=57.6 = n~2
Molecular formula = C4H10
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Example 1:
2H2(g) + O2(g) ——>  2H:0(g)
2 moles 1 mole 2 moles
0.5 moles 0.25 moles 0.5 moles
4 moles 2 moles 4 moles
1 volume 0.5 volume 1 volume
0,5 L molecules 0.25 L molecule 0.5 L molecules
40 cm3 20 cms3 40 cm3
Example 2:
Cu20(s) + H2(g) — 2Cu(s) + H20(0)
1 mole 1 mole 2 moles 1 mole
0.25 moles 0.25 moles 0.5 moles 0.25 moles
2 moles 2 moles 4 moles 2 moles
X volume 1 volume X volume X volume
0 molecule 2L molecules 0 molecule 2L molecule
X cm3 30cms X cm3 X cm3

X = very small
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Ca(s) + 2H20(l) — Ca(OH)2(aq) + Hz2(g)

Number of mole of calcium provided = 2.1 / 40 = 0.0525

According to the equation, 1 mole of Ca reacts with 2 moles of H20.
Number of mole of H,O needed = 0.0525 x 2 =0.105

Mass of HoO needed =0.105x 18 =1.89 g

Number of moles of Fe2O3 = 63.8 / 159.6 = 0.4
Number of moles of Al required =2x0.4=0.8
Mass of Alrequired =0.8x 27 =21.6g

Number of mole of S= 5.5

Number of mole of SO2 = 5.5

Mass of SO, formed =5.5x (32 + 16 x2) =352 g
Volume of SOz formed inr.t.p. =5.5x24 =132 dm?3

Number of mole of Pb =74.6 / 207 = 0.36
Number of mole of PbzO4 required =0.36 / 3=0.12
Mass of P304 =0.12x 685 =82.3 g

2CuO(s) + C(s) — 2Cu(s) + CO2(9)

Number of mole of CuO =15/79.5=0.189

Number of mole of C provided =1.5/12=0.125

According to the equation, 2 moles of CuO react with 1 mole of C.
0.125 mole of C needs 0.25 mole of CuO for complete reaction.
However, there is only 0.189 mole of CuO provided.
CuO is the limiting reactant or limiting reagent (or C is in excess).

Number of moles of Cu formed = 0.189

Mass of Cu=0.189x63.5=12¢g

Number of moles of CO2 =% x 0.189 = 0.0945

Volume of CO; formed = 0.0945 x 24 = 2.268 dm?

Mg(s) + 2HCI(ag) — MgClz(aq) + Hz(g)

Number of mole of Mg = 0.144

Number of mole of MgCl, =0.144

Mass of MgClo formed = 0.144 x (24.3 + 35.5x2)=13.72 g
Number of mole of Hz(g) = 0.144

Volume of Hp formed = 0.144 x 22.4 = 3.23 dm?

2A1,03(l) —— 4Al(l) + 302(9)

Number of mole of Al=5.4/27=0.2

Number of mole of Al2Osreacted =0.2/4x2=0.1
Mass of Al,Ozreacted =0.1x (27 x2+16x3)=10.2¢g
Number of mole of Oz formed =0.2/4x3=0.15
Volume of Oz formed = 0.15x 24 = 3.6 dm?3



10.

1.

12.

13.

14.

15.

Number of mole of sodium carbonate = 5.3/ 106 = 0.05
Number of mole of HC| =2 x 0.04 = 0.08

Sodium carbonate is in excessll!

Number of mole of carbon dioxide = 0.08 / 2 = 0.04
Volume of carbon dioxide = 0.04 x 24 = 0.96 dm3

Number of mole of copper(ll) oxide = 15.9 / 79.5=0.2
Number of mole of hydrogen = 0.2
Mass of copper=0.2x 63.5=12.7 g

Number of mole of sulphuric acid = 3 x 0.025 = 0.075

Number of mole of hydrated copper(ll) sulphate = 0.075

Molar mass of hydrated copper(ll) sulphate = 249.5 g

Mass of hydrated copper(ll) sulphate = 0.075 x 249.5 = 18.1725 g

NH4Cl + NaOH —— NH3 + NaCl + H2O

2NH3 + HaSO4 —— (NH4)2SO4

Number of mole of ammonium sulphate = 2.64 / 132 = 0.02
Number of mole of ammonia =0.02 x 2 =0.04

Number of mole of ammonium chloride = 0.04

Mass of ammonium chloride =0.04x 53.5=2.14 g

CaCOs3(s) + 2HCI(g) —— CaClz(aqg) + H2O(g) + CO2(g)
Number of mole of CO2 =1.43 / 44 = 0.0325

Number of mole of CaCO3 = 0.0325

Mass of pure CaCO3 =0.0325x 100 =3.25 9

% by mass of CaCOs in the sample = 3.25 / 3.8 x 100% = 85.5%

Number of mole of N =84 /28=3
Number of mole of NoN3 =3 /3x2=2
Mass of NoaN3 =2 x (23+ 14x3)=130g

(a) Number of mole of LIOH=50/(7+ 16+ 1) =2.08
Number of mole of CO2 absorbed =2.08 / 2=1.04
Mass of CO; absorbed =1.04 x 44 =45.83 g

(b) Number of mole of CO2= 100/ 44 = 2.27
Number of mole of Li,CO3 = 2.27
Mass of Li,CO3 =227 x (7x2+ 12+ 16x3) =167.98 g

(a) 2Ag20(s) — 4Ag(s) + O2(g)

(b) Number of mole of Ag =6.52/ 108 = 0.06
Number of mole of Ag,O =0.06 / 4x2=0.03
Mass of Ag20O =0.03 x (108 x 2 + 16) = 6.96g
% by mass of Ag2O = 6.96 / 8 x 100% = 87%



16.

17.

18.

Hg(l) + Bra(l) —— HgBr2(s)

Number of moles of Hg present = 21.5 / 200.6 = 0.107 mol

Number of moles of Brp present = 15.6 / 159.8 = 0.0976 mol

According to the equation, 1 mole of Hg reacts with 1 mole of Brz to produce 1
mole of HgBrz. During the reaction, 0.0976 mole of Bro reacted with 0.0976 mole
of Hg. Therefore Hg was in excess. The amount of Bry limited the amount of
HgBr2 produced.

Number of moles of HgBr2 produced = 0.0976 mol

Molar mass of HgBro = 200.6 + 2 x 79.9 = 360.4 g mol-!

(a) Mass of HgBr2 produced = 0.0976 x 360.4 = 35.2 g
(b) Mass of Hg reacted = 0.0976 x 200.6 = 19.6 g
Mass of Hg left = (21.56-19.6) g=1.9 ¢

(a) Number of mole of TiCls present = 4.75x 107 / 190 =2.5x 105
Number of mole of Mg present = 1.46 x 107 / 24.3 = 6.01 x 105
Mg was in excess.
Theoretically, number of mole of Ti produced = 2.5 x 105
Theoretical yield of Ti=2.5x 105x48=1.2x 107 g

(b) %yield=1.06x107/1.2x 107 x 100% = 88.3%

(a) Number of mole of Li present=8.28/7=1.18
Number of mole of N2 present = 10.6 / 28 = 0.37
oo N2 was in excess.
Theoretically, number of mole of LisN produced =1.18 / 6 x 2 = 0.39
Theoretical yield of LisN =0.39x (7x3+ 14) =13.65 g

(b) % yield = 3.97 / 13.65 x 100% = 29.08%
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Molar mass of MNO2 = 54.9 + 2 x 16.0 = 86.9 g mol-!
Mass of MnO2 in the nodule = 0.0400 x 86.9 = 3.48 g
Percentage by mass of MnO3 in the nodule = (3.48 / 15.0) x 100% = 23.2%

(a) To prevent the condensed water from running back to the tube and crack
the hot glass.

(b) Test the liquid with dry cobalt(ll) chloride paper.
The liguid turns the paper from blue to pink.

(c) To prevent ‘sucking back’ of the liquid.

(d) Formula mass of FeSO4exH2O
=(55.8+32.1+4x16.0) +x(2x 1.0+ 16.0)
=151.9 + 18x

1 mole of FeSO4exH2O contains x moles of H20.
i.e. (151.9 + 18x) g of FeSO4exH20O contain 18x g of H20.

30.6 g of FeSO4exH,O contain 13.9 g of H20.
18x / (151.9+18x)=13.9/30.6 = x=7

(a) Suppose we have 100 g of glucose, so there are 40.0 g of carbon, 6.60 g of
hydrogen and 53.4 g of oxygen.

Carbon Hydrogen Oxygen
Mass of element
in the compound 4009 6-60 9 349
Relative atomic 120 10 16.0
mMass
N%ngrﬁ; mg'fs 4007120 6.60 /1.0 53.4/16.0
. = 3.33 mol = 6.60 mol = 3.33 mol
combine
Moleratio of | 549 /3331 | 460/333=2 | 333/333=1
atoms

the empirical formula of glucose is CH2O.

(b) Let (CH20)n be the molecular formula of glucose.
Relative molecular mass of glucose =n(12.0+2x 1.0+ 16.0) = 30n
30n =180 = n=56
the molecular formula of glucose is (CH20)¢ or C¢H120s.



4.

(a) Method 1

2Fe(OH)3(s) — Fe20s(s) + 3H20(g)

Molar mass of Fe(OH)z = 55.8 + 3x (16.0 + 1.0) = 106.8 g mol-!
Number of moles of Fe(OH)3 = 5.35 / 106.8 = 0.0501 mol

According to the equation, 2 moles of Fe(OH)s give 3 moles of H,O upon
heating.
number of H,O formed = 3/2 x 0.0501 = 0.0752 mol
Molar mass of HO =2x 1.0 + 16.0 = 18.0 g mol-!
Mass of H,O formed = 0.0752x 18.0=1.35¢g

Method 2
2Fe(OH)3(s) — Fe203(s) + 3H20(g)

Molar mass of Fe(OH)3z = 55.8 + 3 x (16.0 + 1.0) = 106.8 g mol-
Molar mass of HoO =2x 1.0+ 16.0 = 18.0 g mol-!
According to the equation, 2 moles of Fe(OH)3 give 3 moles of H.O upon
heating.
2 x 106.8 g of Fe(OH)3 give 3 x 18.0 g of H2O upon heating.

Mass of HoO formed = 5.35x (3x 18.0)/(2x 106.8) =1.35¢g

(b) Suppose we have 100 g of the oxide, so there are 72.4 g of iron and 27.6 g

of oxygen.
Iron Oxygen
Mass of element in the
oxide 72.4 9 27.6 9
Relative atomic mass 558 16.0

Number of moles of

atoms that combine | 7 2-4/958=130mol | 27.6/16.0=1.73mal

Mole ratio of atoms 1.30/1.30=1.00 1.73/1.30=1.33

Simplest whole number
ratio of atoms

1x3=3 1.33x3=4

the empirical formula of the oxide is Fe3Oa.



5.

()

(0)

(a)

(0)

27nS(s) + 302(g) — 2ZnO(s) + 2502(g)
2ZnO(s) + C(s) — 2Zn(s) + CO2(g)

Molar mass of ZnO = 65.4 + 16.0 = 81.4 g mol-!
Number of moles of ZnO = 48.8 / 81.4 = 0.600 mol

According to the equation, 2 moles of ZnO require 1 mole of C for
reduction to give 2 moles of Zn.

number of moles of Zn obtained = 0.600 mol
number of moles of C required = 0.600 / 2 = 0.300 mol

(i) Mass of Zn obtained = 0.600 x 65.4 = 39.2 g

(i) Mass of C required =0.300x 12.0=3.60 g

2Al(s) + 3CuSO4(aqg) — Al2(SO4)3(aq) + 3Cu(s)

Number of moles of Al reacted = 1.61 / 27.0 = 0.0596 mol

According to the equation, 2 moles of Al react to give 3 moles of Cu.
number of moles of Cu produced =3/ 2 x 0.0596 = 0.0894 mol

Theoretical yield of Cu = 0.0894 x 63.5 = 5.68 g

Percentage yield of Cu = (2.58 / 5.68) x 100% = 45.4%

4KO2(s) + 2H20(g) + 4CO2(g) — 4KHCO3(s) + 302(Q)
Molar mass of CO2 =12.0 +2x 16.0 = 44.0 g mol-!
Number of moles of CO2 exhaled = 14.0 / 44.0 = 0.318 mol

According to the equation, 4 moles of CO2 require 4 moles of KO, for complete
reaction.

number of moles of KO, required = 0.318 mol

(a) Molar mass of KO2=392.1+2x16.0=71.1 g mol-!

Theoretical mass of KOz required =0.318 x 71.1 =22.6 g

(b) Since the process is only 80% efficient, the mass of KO, required

=22.6/80%=2839
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MnOz(s) + 4HCI(ag) — MnClz(aq) + Clz(g) + 2H20()

Molar mass of MNO2 = 54.9 + 2 x 16.0 = 86.9 g mol-!

Number of moles of MnO» present = 217 / 86.9 = 2.50 mol

Molar mass of HClI = 1.0 + 35.5 = 36.5 g mol-!

Number of moles of HCI present = 274 / 36.5 =7.51 mol

(a) According to the equation, 1 mole of MnO2 reacts with 4 moles of HCI o
produce 1 mole of Cl,. In this case, the mole ratio of MNnO; to HCI was 1:3.
Therefore all the HCIl would be used up. The limiting reagent was HCI.

(b) Number of moles of Cl, produced =7.51 /4 =1.88 mol
Molar mass of Cl, =2 x 35.5=71.0 g mol-!
Mass of Clo produced =1.88x71.0=133 g

(c) Number of moles of MNO2 used = 7.51 / 4 = 1.88 mol

Mass of MNO2 used = 1.88 x 86.9 = 163 g

Mass of MNO2 (excess reagent) left = (217 -163) g=54 g



