Chemical Equilibrium in
Solution

[,(aq) + I (aq) = I;7(aq)

The activity coefficient in general is approximated by
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Ka: [I;]7 =KC
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Meaning of [X]:
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[X]==% wherec,,c, are concentration of X in mol/L
0

and concentration of the standard state: 1 mol/L

In effect [X] is the concentration value of X, in mol/l
and no unit is involved.

The strategy is to establish the reaction equilibrium in the aqueous
solution which is in contact with an organic layer.

This establishes a second (partition) equilibrium system in
addition to the reaction equilibrium.

1,(ag)+ 1 (aq) = I;(aq) I,(org) = I,(aq)
e ﬂ K = l,(aq)
CH,CI, I,(org) I,(org)
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For the chemical equilibrium,

I,(ag)+1"(aq) = I;(aq)

The thermodynamic Equilibrium constant is defined as;
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implies Ve =Von, =1 from the above approximation.
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I,(aq)+1"(aq) =I5 (aq)

To determine the [I,] one can use the quantitative reaction with the
thiosulfate ion.

I,(aq)+ 2520372 (ag)=21"(aq)+ 840672 (aq)
To calculate the concentrations of the three species in aqueous
solution direct reaction method is not feasible as it disturbs the

reaction equilibrium. Only the total concentration [I,(aq) + I;7(aq)] is
easily determinable, not individual values.

I,(org) = 1,(aq)

k= 1=(@0)
I,(org)

At a given temperature partition coefficient k is a constant for a
given equilibrium between the two phases.

If k is known or established, one can find the I, concentration in
organic layer, and use K to find the I,(aq) concentration.



Determining k

Aqueous Layer

CH,ClI, layer
titrate 10.00mL
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Aqueous layer
titrate 25.00 mL

Aqg. volume [ S2037]

______________ [T CH,Cl, layer Aqueous layer Run CH2CI2(25mL) (100 mL) Vol CHzCl2 [S2037]
titrate 10.00mL titrate 25.00 mL No. Molarity 12 Molarity Kl mL mL
Aqueous Layer ) ) 1 0.080 0.0 10.00 0.10 25.00 0.01
Run CHzClz(25mL) (100 mL) Burette  Molarity | Burette  Molarity 2 0.040 0.0 10.00 0.10 2500 0.01
Size,mL S203° | Size,mL  S20 3 0.020 0.0 1000 0.10 2500 0.01
No. Molarity 12 Molarity Kl . - - - d -
1 0.080 0.0 (D) 50 0.1 10 0.01 CH,Cl, layer Aqueous layer
2 0.040 0.0 (DI) 50 0.1 10 0.01 titrate 10.00mL titrate 25.00 mL
3 0.020 0.0 (DI) 10 0.1 10 0.01 .
4 0.080 0.15 10 0.1 50 0.1 Run Vol (mL) [1, org] Vol (mL) [l aq]
5 0.040 0.15 10 0.1 10 01 No. 0.1M 5,05~ 0.01M S,05” X
6 0.080 0.03 50 0.1 10 0.1 1
i
Ry, B
CH,CI, layer Aqueous layer

Determining K,

titrate 10.00mL

titrate 25.00 mL

Aqueous Layer

Vol CHz2Cl2 [ S203°] Ag. volume [ S203°]

Run CH2CI2 (100 mL)
(25 mL)

No.  Molarity I2 Molarity Kl mL M mL M

4 0.080 0.15 10.00 0.10 25.00 0.10

5 0.040 0.15 10.00 0.10 2500 0.10

6 0.080 0.03 10.00 0.10 25.00 0.10

CH,CI, layer Aqueous layer
(use -10mL pipette) (use 25-mL pipette)

Run Vol (mL) ~ [lorg]  Vol(ml)  [l;aqkow [ly*aq] [I*aq] K
No. 0-IMS;,05 0.01M 5,05~

4

5 — — -

6 (1@ ]=[1 )], ~[15 @]

Titration Reaction

Titration of the aqueous layer

Determining K,

Aqueous phase

Battery ar originally about
halt full of water 3t 25.0°C
{from thermastat bath | _— Folded dry towsl for

thermal insulation

Aqueous layer
titrate 25.00 mL

CH,CI, layer
titrate 10.00mL

Aqueous Layer

1, + 2820[2 =21"+ SAOG’2 of the reaction mixture: Run  CH2CI2 (100 mL) Vol CH2Cl2 [S2037] Aq. volume [ S2057]
’ (25 mL)
or _ i i
=[l,(aq)]+[1; (aq)] of the No.  Molarity I2 Molarity K mL M mL M
I; +25,0,” =31"+5,0,~ e 4 0.080 0.15 10.00  0.10 2500 0.10
3 equilibrium system 5 0.040 0.15 10.00 0.10 25.00 0.10
6 0.080 0.03 10.00 0.10 25.00  0.10
. mol | 1
@ 'endpoint! ———2—=— [;]
mol S,0," 2 _ Llsdg
| CH,Cl, layer s layer ¢ [1,1,017]
_ -2 se -10mL pipette! se 25-mL pi| a
[IZ]VIE _5[3203 }VSZO;Z (u pipette) (u pip
1 (YA Run Vol (mL) [l org] Vol (mL)  [2adlew [Il,aq]  [Il;¥aq] [I1aq]
= -2 -2
[1,] =,[520372 5,0 No. 01N 5,05 0.01&/
2 Vv,
2 4 1 L _
5 (1@ ]=[1"(aa)], - [ 15 (@) ]
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