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1.

In a titration 29.0 mL of potassium permanganate solution was required to oxidise 25.0 mL

of 0.105 mol L-1 iron(ID) sulfate solution in the presence of dilute sulfuric acid. Calculate
the concentration of the permanganate solution. The equation for the reaction is:

MnO4- + SFe2+ + 8H+ — Mn2t+ +5Fe3+ + 410

25.0 mL of acidified oxalic acid solution required 31.2 mL of 0.0201 mol L-1 potassium
permanganate solution for oxidation, Calculate the concentration of the oxalic acid. The
equation for the reaction is:

2MnO4- + 5SHpCyOy4 +6H+ — 2Mn2+ + 10C0O5 + 8Hp0

The concentration of an iron(11) sulfate solution was determined by titration with

0.0214 mol L-1 potassium dichromate solution. 20.0 mL of the iron(ll) sulfate solution,
acidified with dilnte suifuric acid, required 20.5 mL of the dichromate solution for complete
oxidation. Calculate the iron(IT) sulfate solution concentration. The equation for the
reaction is:

Crp072- + 6Fe2+ + 14H+ -5 2013+ + 6Fe3+ + 7HoO

What volume of 0.0432 mol L-1 potassium permanganate is needed to.completely oxidise
25.0 mL of 0.108 mol L-1 $nCl in acid solution?

‘What volume of 0.0200 mol L-1 potassium permanganate is needed to oxidise 1.03 g
ammonium iron (IT) sulfate, (NH4)9Fe(SO4)5.6H0, in dilute sulfuric acid solution?

‘What mass of pure crystalline oxalic acid, HpCp04.2H20, will be oxidised by 25.0 mL of
0.0192 mol L-1 potassinm permanganate in the presence of 6 mol L-1 sulfuric acid?
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33.0 mL of oxalic acid solution is acidified with dilute sulfuric acid and oxidised exactly

with 20.0 mL of potassium permanganate solution. 5.60 x 102 mL of carbon dioxide at
S.T.P. is produced in the reaction. Calculate the concentrations of

(@) the oxalic acid solution, and
) the potassium permanganate solution.

1.00 mL of a 3.00% hydrogen peroxide solution was axidised with 0.0205 mol L-1
acidified potassium permanganate soluton. Assuming the density of the hydrogen peroxide

solution was 1.00 g mL-1 , calculate the volume of potassium permanganate required.

1.63 g of iron wire was dissolved in dilute sulfuric acid. The solution was filtered,
transferred to a volumetric flask and made up to 250,0 mL with distilled water. 20.0 mL of

this solution required 18.1 mL of 0.0209 mol L-1 potassium dichromate for complete
reation. Find the percentage of iron in the iron wire.

The percentage by mass of chromium is a mineral is determined by convertin g a sample of
known mass into sodium dichromate, and titrating an acidified solution of the sodium
dichromate with a standard solution of iron(II) sulfate. Using this method, 1.27 gofa
chromium-containing mineral was converted into an acidified solution of sodium

dichromate, which required 37.5 mL of 0.400 mol L-1 iron(II) sulfate to reach the
end-point. Calculate the percentage by mass of chromium in the mineral.

A 0.752 g sample of impure sodium sulfite was oxidised by titration with acidified
0.0993 mol L-1 K5CrpO7 solution. 17.2 mL of the dichromate solution was used in the
titrtation. Calculate the percentage purity of the sodinm sulfite.

A 3,08 g sample of haematite was dissolved in sulfuric acid, reduced to Fe?+ and diluted to
250.0 mL in a volumetric flask. A 25.0 mL sample of this solution was titrated with

0.0260 mol L-1 potassium permanganate solution. A volume of 28.7 mL of KMnO4 was
needed to reach the end point. Calculate the percentage of FepO3 in the haematite.

A sample of iron ore consisting of a mixture of Fe( and Fen013 was dissolved in dilute
sulfuric acid. The resultant solution was divided into two equal aliquots. The first aliquot
was titrated with a potassium permanganate solution containing 6.30 g of KMnQO4 per
litre, and required 15.0 mL for complete reaction. The second alignot was reduced with zinc

and the solution then titrated with the permanganate solution. 25.1 mL was required for the
second oxidation. Calculate the mass of each iron oxide in the original sample.

A solution of commercial bleach is analysed to determine the percentage by mass of sodium
hypochlorite (NaClO) in the solution. 10,0 mL of the commercial bleach is pipetted into a
volumetric flask and made up to the 100.0 mL mark with distilled water, A 25.0 mL
aliquot of the diluted bleach is placed in a flask with excess potassium iodide. The iodine
produced is titrated with 0.845 mol L-1 sodium thiosulfate (Na28203) solution using
starch as an indicator. 17.9 mL of the thiosulfate solution was required for complete

reaction. Assuming the density of the original bleach solution to be 1.00 gmL-1,
calculate the percentage of NaClO in the bleach. The reactions involved are:

ClO- + 2 + 2HY — Ih + Cl + HyO
282032 + I - 84062 + 2I-
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WORKED SOLUTIONS
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FeSO4 “\al“\ 25mL
[Fet?] = 0,105M Y
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MnQOy + 5Fe+? + 8H+ - Mn+2 + 5Fe+? + 4H,O

FeSQ4
n=7? n(Fe?+) = CV
C=0.105M = (0.105 x 0.025
V =0.025L ~on(Fet) =0.002625 mol
1
n(MnQy} = 3 n {Fe+2)
= l x 0.002625
5
= 0.000525 mol
MnQy-
)
n = 0.000525 mol C =?
Ce2 _ 0.000525
0.029

V =0.029L - IMnOs™ ] = 1.81x10*M

=

MnQOy}=?

V{MnOy) = 29.0mL
=0.0290L




Ny [MnOy] = 0.0201M
25 mL V(MnO4) = 31.2mL
H2C204 = §(.0312L
ofrpfayatein)
2MnOy + 5H;C204 + 6H — 2Mn*2 + 10CO; + 8H,O

MnQy

n="7 n=_CV

C=0.0201m = 0.0201 x 0.0312

V =0.0312L s n(MnO, ) =0.000627 mol

5 -
n (H.C:0y) = 5 n( MnO 47)
5
= ——2- x 0.000627
=0.0015678mol
(HzC0,)
n=? C= i
\%
001
C = 0.0201 M - 0001678
0.025

V =0.0312L - [H,C,0,]=6.27x10"M




[ Cr2071=0.0214 M

."-,_
k 2
Ei;\eh] = \ OmL

V(Cr20+*) =20.5 mL
=0.0205 L

Cr207 -2 + 6 Fe +2 + 14H+ — 2Cr#3 + 6 Fe*® + 7H20

CrQr 2
n=7 n=CV
C=0.0214m = (0.0214 x 0.0205
V = 0.0205L <. 1(Cr,0,") = 0.0004387 mol
n{Fe +2) = 6 x n (Cr.07?)
= 6 x 0.0004387
= (.0026322 mol
Fe +2
n
n = 0.0026 mol C=—
vV
C=? _ 0.0026
0.02

V = 0.02L ~[Fe?]1=131x10"M




[MnOgs] =0.0432 M

ISnCh] = 0.108 M ! V(MnOy) = ?

RO,
rendasatatsl
(MnOy + 8H* + 5e- — Mn*2 + 4H,0) x2
(Sr1+2 — Sn* + 2e) x5
5.2MnO,” +16H" +55n* = 2Mn* +55n* +8H,0
SnCl,
n=7 n=CV
C= 0.108M =0.108 x 0.025
V = 0.025L s n(SnClLy) = n(Sn*) = 0.0027mol
2 24
n{MnO, )= 5 X n(Sn*")
= 2x0.0027
5
= 0.00108 mol
MnQOy-
n = 0.00108 mol Va2
C
C=0.0432m = 0.00108
0.0432

V=2 - V(MnO,”) = 0.025L




1.03g (NH4):Fe(S0a4)2 6H20

[MnO4] = 0.0200 M

V{(MnOg)=?

i Ere:
engegatob)
(MnQOy + 8H* + 5e - — Mn +2 + 4H;0) x1
(Fet? — Fe*3 + ) x5
- MnO,” +8H" +5Fe”” = Mn* +4H,0 + 5Fe*
Pe+2
m
n=7? n=—
M
1.03
m = 1.03g ="
392
M =392 g mol! son(Fe')=2.63x10"mol
1 2
n(Mn Oy) = s x n(Fe™)
=é~x 2.63x107
= 5.26 x 10+
MnQy
n = 5.26 x 104 mol V= lcf-
5.26x107
C=0.02M el
0.02

V=7 S VMnOy-) =2.63 x102 L




M ( H2C204.2H20) =?
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[MnO4] = 0.0192 M
V(MnOy) =25 mL
=0.025L
[m]
J’J k

e,

(MnOy + 8H* + 5e — Mn +2+ 4H,O) x2
(HoCoO4 — 2CO; + 2H* +2¢) x5

5 2MNnOy + 5HRC204 + 16H* — 2Mn+? + 10CO; + 8H.O + 10H+*

2MnOy + 5H.C:0; + 6H+* — 2Mn+*? + 10CO, + 8H,0

C = (1.0192 mol

V =(0.025L

n=_CV

= 0.0192 x 0.025

~oa(MnQ, ) = 0.00048mol

n (H::_C304 . 2H,0O ) = —;— X n(MnO[)

H,C0, . 2H

n = 0.0012 mol
m=7?
M =126 g mol!

= —2— x 0.00048

= 0.0012 mol

m=nM
={0.0012 x 126
S H G0y . 2H,0) = 1.51 x 101¢



[MnO4]=7?

[H2C204] = ? V(MnOx) = 20 mL

=10.020 L

| > V(CO;) = 560 mL

sniiciie)
(a) (FI2C204 [1 2CO, + 2H+ 2¢) x5
(MnOy + 8H* + 5e- — Mn*2 + 4H,0) X2
o 5HSC04 + 2MnOy + 16H+ — 10CO; + 2Mn+2 + 10 H + 8HO
5H:CoQ4 + 2MnOy + 6H* — 10C0O; + 2Mn+? + 8H-.O
co,
n=>7 - 14
22.4
V=0.56L _0.56
224
n(COs) = 3.025mol
n (H.C:04) = ¥ xn (COy)
=1 x0.25
= (0.0125 mol
(H-C50:)
n= 0125 mol C= -
|74
C=? _ 0.125
0.035

V = 0.035L FHzCani =357x101M




(b) n (MnOy) = é xn (COy)

= lx 0.025
5
= (.005 mol
(MnOy)
n = (.005 mol C= i
1%
C=7 _ 0.05
0.02

V =0.02L = IMnOy] = 0.250M
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1mL

(MnQy + 8H~ + 5e- — Mn*2 + 4H 20)
(H2O2 — Oy + 2H~ + 2e7)

s 2MnQOyg + 5H-05 + 16H+ — 2Mn+2 + 50, + 10H* + 8H,0O

2MInQy 4+ 5H.O, + 6H+ — 2Mn*? + 50, + 8H,O

(Hz00)

n="7

m = 0.03g
M = 34gmol -

n(MnQy)} =

n
n= —

M
_0.03

34

o
7

S n(HROs) = 8.82 x 10+ mol

[MnO+] = 0.0205M

VMnOs)=?

N onfro

x n (H0,)

—x 8.82 x 104
5

=3.53 x 10+ mol

MnO, -
n=3.53x104mol

C =0.0205m

V=7 S V{MnOy) =1.72 x 102 L

V=2
C

_3.53x107
0.0205




IRON WIRE
163 g

250mL

[Crs052- 1 =0.0209M

V(Cl‘sz’z ') =181 mL

=0.0181L

=

1/2‘

Cr:072 + 14H* + 6e- — 2Cr+2 + 7H0

(Fet2 — Fet+3 + ) x6

.+ CrO72 + 6Fe*? + 14H* — 2Cr+? + 6Fet? + 7H,O

Cr:0y-2

n="? n=CV
C =0.0209M = 0,0209 x 0.0181
V =0.0181L = n(Cr:07-2) = 0.00037829mol
n (Fe*?inaome = 6 xn {Cry072)
= 6x 0.00037829
= {.00226974 mo
250
n (FeDinzsome = —— x n (Fe+2hn 2omL
20
= @ x 0.00226974
20
= (0.02837 mol
Eer2
n = 0.02837 mol m =nM
m=7? = 0.02837 x 55.8
M = 55.8gmol-1 s m(Fe+?) = 1.583¢g

m(Fe) = m(Fe+2)

1.583

% Fe = x 100
3

= 97.1%




10.

Fe ] =0.400 M
Chromium Ore {Fe ™
127 g V(Fe*) = 37.5 mL
={0.0375L
e
:;.'N‘f‘}*bi

(Cr2072 + 14H* + 6 — 2Cr* + 7IL0O)
(Fe*2 -~ Fetd + ¢)

S Cra02 + 6Fer2 + 14H+ — 2Cr+3 + 6Fe*3 + TH,O

Eex2
C=04m = 0.4 x 0.0375
V =0.0375L s n(Fe+?) = 0.015 mol
1
n{Cr,0,2) = E x n (Fet?)
|
=— x 0.015
6
= (.0025 mol
Cr+3
n = 0.005mol m=nM
m="? = (0.005x 52
M = 52.0 gmol?! com(Cr®) =0260 g
%ofCr = 0.26 x100
1.27

20.5%



11.

Impure Na:SO3
0.752 g
% Purity = ?

[Cr20+] =0.0993 M

V(Cr207*) =172 mL

=0.0172L

-
[ ]
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(SO + H:O  — SO42 + 2H+ + 2e7) x3
Cr.O72 + 14H* + e — 2Cr+3 + 7H.O

Cra072 + 3503 + 14H* + 3H;0O — 2Cr+3 + 35042 + 6H* + 7H0
Cro072 4 35032' + 8H+ — 2Cr+3 + 35042‘ + 4H,O

Cr0r?
n=7? n=_CV
C =0.0993M = 0.0993 x 0.172
V =0.0172L = n(Cr:072) = 0.00170796 mol
n(Na;SO3) = 3 xn (Cr07?)

= 3 x0.00170796

= 0.00512388 mol
Na,50;
n = 0.005124 mol m=nM
m=7? = 0.005124 x 126.1
M = 126.1 gmol~ som{Na;503) = 0.646 g

% of Na;50; = —8—%—?— 100




12.

3.08g
Hematite 250mL
(Impure)
D/o FEan =7

(MnOy + 8H+* + 5e - — Mn *2 + 4H:0) x1
(Fe2 — Fe*3 + ) x5

-~ MnO,” +8H" + 5Fe** = Mn** + 4H,0 + 5Fe™®

MnQy-
n=7 n=CV
C =0.0260M = (1.0260 x (.0287
V =0.0287L S n(MnOy) = 0.0007462mol
n(FeDipnsme = 5xn(MnOyg)
= 5x0.0007462
= (L003731mol
250
n (Fe*2)in50mL = T X n (Fe+2)in 25mL
250

= —— x 0.003731
25
= (0.03731 mol

MnOy-1=0.0260 M

V(MnQy-) =28.7 mL
=0.0287 L




n(Fe*)i, hematite = n{Fe2+), analysis

= (.03731mol
1
n{Fe;03) = — x n{Fe3)
2
= }— x 0.03731
2
= (.018655 mol
EFe;On
n = (1L.018655 mol m=nM
m=?7? = (0.018655 x 159.6
M =55.8 + 55.8 + 48 ~.m (Fe 05) =2.977338 g
= 159.6 gmol!

. % PFexOsin hematite = 2.977338 x 100
3.08
= 96.666
= 96.7%



13.

TITRATION 2

TITRATION 1

[MnOq] = 6.30 g/L

=1M

V(MnOy) = 25.1 mL

=0.0251 L

[MnO4] = 6.30 g/L
=M
VOON =150 Wl | | Be0 Fer0s
m(FeQ)="?
& ; m(Fe:03) = ?
SOLUTION SOLUTION
RSERICYS
;‘*Mllgﬂr ;
(MnOy + 8H* + 5e - — Mn *2 + 4H:0) x1
(Fe*2 — Fe*® + g7 x5

~MnO,” +8H" +5Fe*> = Mn" +4H,0 + 5Fe*

MnOy
n=7? n=CV
C=0.0399 M = (0.0399 x 0.015
V =0.015L s n{MnQy) = 0.0005985mol
n(Fe*?) = 5xn (MnOy)
= 5x0.0005985
= (.0029925mol
Tota}_ Numb er Of Fe+2( Titrated only Half)
n{Fe*?) = 2 x 0.00298
= (0.005985 mol
EeO
m
n = (.005985 mol n= —
M
m=7? m=nM
M=558+16
= 71.8 gmol-! = (0.005985 x71.8

~.m (FeO) = 0.4297g
= 0430g




MnQy-

n="7
C=0.0399M
V=00101L

* Volume Differential

n=CV
= (1.0399 x 0.0101
Son(MnQy) = 0.000402mol

5 x niMnOy)
5 x 0.00402
0.00201 mol

n(Fe+2)

Ihon

Total Number of Fe+3( Titrated only Half)

n{Fe+?) = 2 x 0.00201
= (.00402 mol

n(Fe;0s) = 1 x n(Fe3+)
2
= l x 0.00402
2
= 0.00201 mol
Fea()y
n = 0.00201 mol m=nM
m=7? = (.00201 x 159.6
M =55.8+ 55.8 + 48 s.m{Fe03) =0.321 g

=159.6 gmol-!



14.

[62047] = 0.845 M
COMMERCIAL V(5:0:> } =179 mL
BLEACH 2 10mL 100mL =0.0179 L
p =1.00 gmIL* N 25mL
8 3 . %

% NaOQCl=7? i / ,

{ A’/\-.

I Excess

KI

ClO- + 2I- + 2H+* - ClI- + I: + HO

282032' 4 Iz — 8405 - 4 21I-

Nax5, 3

n=7? n=CV

C ={.845M = (.845 x 0.0179
V =0.0179L = 0.1512 mol

1
ilz) = —2- x n(5:05%)
1
= — x 0.01512
2

= 0.007562 mol

n(ClO’) = n(z)

= 0.007562 mol



100
E— X 1n (ClO')in 25mL

n (ClO)ia 100ml. Vol Flask

= @ x 0.007562
25

= (.03024 mol
NaCl0
n = 0.03024 mol m =nM
m = ? ={.03024 x 74.5
M = 74.5 gmol =2.253¢g

2.253

~ % of (NaC10) in bleach = 0 x 100

= 22.53
= 22.5%



