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Questionl (10 marks)

1-Define: (4marks)

Solvent-
The solvent does the dissolving; and the solvent is commonly the major fraction of the mixture.

Titrant- the reagent added to a solution containing the analyte and whose volume is the signal

Equivalence point-
The point in a titration where stoichiometricall equivalent amounts of analyte and titrant react.

Indicator
A colored compound whose change in color signals the end point of titration

2- Sketch a titration curve for the titration of 50.0 mL of 0.100 M Fe?* with 0.100 M Ce*"ina
matrix of | M HCIOy. Eg=0.76V  Ec=1.7V (6marks)

Fe2t(aq) + Ce**(aq) = Ce*(aq) + Fe¥*(aq) )

Moles Fe2t = moles Ce**
or
MFcVFc . NICCVCC

Solving for thé volume of Ce**

 MgVee (0100 M)(50.0 mL)
T Mc (0.100 M)

= 50.0 mL

Ve
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e [Fe?*]
E = Eredvre2+ — 0.05916 In Fe']

The concentrations of Fe?* and Fe?* after adding 5.0 mL of titrant are

(Fe*) = moles unreacted Fe’*  MpeVie — MceVee
total volume Vee + Ve

: (0.100 M)(50.0 mL) - (0.100 M)(5.0 mL) a8 x 102 M

50.0 mL + 5.0 mL

moles Ce** added ~ McVee
total volume Vie + Ve

[Fe**] =

(0100 M)(5.0 mL)
50.0 ml + 5.0 mL

=9.09%107° M

Substituting these concentrations into equation along with the formal potential for the Fe®*/Fe?* half-reaction,
we find that the potential is

8.18 x 1072

E = +0.767 V — 0.05916log| —— — ——
9.09 < 103

] = +0.711 V

At the equivalence point:

[Fe**]

Eeq = EFe’*:’Fe“ = 0.0591610g [Fe3+]‘

[Ce’*]

Eeq = Egercer = 00591610
g = Leetice E[Ce“]‘
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Adding together these two Nernst equations leaves us with

[FCZJ' l [Ce” ]
[FCH][CCH]'

At the equivalence point, the titration reaction’s stoichiometry requires that

[Fe?*] = [Ce*]

2Eeq = Bpovjper + Egerijoer — 0.05916 log

[Fe**] = [Ce™]

The ratio in the log term of equation, therefore, equals one and the log term is zero.

Ce3t

E = Egcarjcer+ — 0.05916 log el
4+

[Ce™™]
For example, after adding 60.0 mL of titrant, the concentrations of Ce* and Cei+
are .

[Ce**] = intial moles Fe?* Mg Vi,
~  total volume Vie + Ve

- (0.100 M)(50.0 mL)

= 4.55x 107 M
50.0 mL + 60.0 mL

moles excess Ce'* _ Mc. Ve, — Mg Ve,

[Cet*] =
total volume Vie + Voo

_ {0.100 M)(60.0 mL) — (0.100 M)(50.0 mL)
50.0 mL + 60.0 mL

=9.09x 107 M

Substituting these concentrations into equation gives the potential as

= > 102
E = +1.70 V — 0.05916 log 455 1 = 1.66 V
9.09 < 103

Voalurmae Cat-
Crrm >

Wolurmae CaS-
Crvs L)

s.00 SS5.00 E
1To0.00 o. 731 GO.O00 1TSS
1s.00 o.7as &65.00 1.7
ZOo_ OO0 o. s TOo.0o0 1T.68
Zs . oo o.7e7 = .00 1.8
=o.o00 o.TFTT B0.00 TLe9
as.oo o. 789 as. oo 1.6
a0.00 o.a203 =S0o.00 1.6
amn.o00 o.B23 o500 1.7o

so.00 100.00

Percent titrated
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Question2 (10marks):

1- Calculate and sketch qualitatively correct titration curve for the following acid-base titration:
25 mL of 0.1 M NaOH with 0.05 M HCI (Smarks)

Moles HCl = moles NaOH

A/Iavn = Mbvb

where the subscript ‘a’ indicates the acid, HCI, and the subscript ‘b’ indicates the

base, NaOH. The volume of NaOH needed to reach the equivalence point, there-
fore,is

/
_ M,V, _ (0.100 M)(50.0 mL) — 250 mL
My, (0.200 M)

Veq =W

Before the equivalence point, HCl is present in excess and the pH is determined by
the concentration of excess HCI. Initially the solution is 0.100 M in HCI, which,
since HCl is a strong acid, means that the pH is

pH = -log[H;0%] = -log[HCI] = —log(0.100) = 1.00

The equilibrium constant for reaction 9.1 is (K,,)™!, or 1.00 x 10", Since this is such
a large value we can treat reaction 9.1 as though it goes to completion. After adding’
10.0 mL of NaOH, therefore, the concentration of excess HCl is

moles excess HCl ~ M,V, - MV,

[HCI] =
R total volume V, +V,

(0.100 M)(50.0 mL) — (0.200 M)(10.0 mL)

= = 0.050
50.0 mL + 10.0 mL M
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giving a pH of 130,

moles excessNaOH _ MyVy - M,V

total volume V, + V,

[OH7] =

_ (0.200 M)(30.0 mL) - (0.100 M)(50.0 mL) 0015 M

50.0 mL + 30.0 mL

To find the concentration of H;0", we use the K., expression

Ky  100x107™"

- =800 % 107"
OH7] 00125

[H;0*] =

Volurme (ML) of Titrant
O.00

s.00
10.00
15.00
20.00
=22Z.00
24900
2500
Z26.00
28.00
30.00
25.00
“10.00
a45.00
S50.00
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-—— Equlvalence point

1 T 1
10.00 20.00 30.00 40.00 50.00
Voelume NaoOH (mL)

2- Commercially available concentrated hydrochloric acid is 35% w/w HCL. Its density is 1.16
g/mL. Using this information calculate the molarity of concentrated HCI (3marks)

d=1000x1.18= 1180g/L
M=0.37x1180/36.5= 11.96M

3- The maximum allowed concentration of chloride in a municipal drinking water supply is
2.5x10% ppm CI". When the supply of water exceeds this limit, it often has a distinctive salty
taste. What is this concentration in moles Cl7/litre?

(atomic weight =35.5) (2marks)

250x102mgCl- 1g  1moleCl-
L 1000mg  35.453 g Cl-

=7.05x10> M

With my best wishes
Dr:Hend EL Sayed Gadow
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