ADVANCED H GER

CHEMICAL EQUILIBRIUM

Every reaction is reversible:

Equi l'i bri um

f
_ ' N
A + B = c o+ D

A chemcal reaction is in equilibriumwhen the conposition of the
reactants and products remains constant with tine.

Since there is no further change in the concentrations of reactants
or products, there is no further change in free energy i.e. DG =0

W nust not confuse this value of DGwith G, - G, often given the
synbol D& to distinguish it from DG

i.e. D@ =G - G
DG = change in free energy as the reaction strives to reach
equi | i brium
Equilibriumis reached when the rate of the forward reaction equal s

the rate of the back reaction.

The rate of the forward reaction depends on the concentrations of the
react ants:

rate; o« [A[B]
=> rate, = k[ A][ B where k; = rate constant for forward reaction

The rate of the back reaction depends on the concentrations of the
product s:

rate, « [C[D
=> rate, = k,[C[D] where k, = rate constant for back reaction
At equilibrium

ratef = rateb

=  kK[A[B] = k,J[A[D

K « - Lla
s [AITE]

where K = the 'Equilibrium Constant'.
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For the general reaction:

aA + bB = «c¢C + dD
K = [Cle[Dd
[Alc[B]d
Concentrations may be expressed in noles or pressures.

The larger the value of Kthe greater the yield of products.

Notice that K is independent of particular concentrations or
pressures in a given reaction. Kis also unaffected by catal ysts.

K does, however, change with tenperature and, sonetines, pressure.

Exanpl e

GH,(9) + 2H,(9) — C,Hy( ) DH = - 312 kJ

Using Le Chatelier's principal, Energy (E) is a product and pressure
(P) is a reactant:

C,H,(9) +  2H,(0) + P = C,Hs(9) + E

[ C,Hgl
[ C,H,][ H,]?

Increasing the tenperature increases the energy E forcing the
equilibriumto nove to the left. This would reduce [CH;] and increase

[CH,] and [H,]. This would therefore reduce the value of K

Increasing the pressure forces the equilibriumto nove to the right
increasing [CH;] and reducing [GH,] and [H,]. This would therefore
i ncrease the value of K

In reactions which do not involve a change in pressure, changing the
pressure woul d have no effect on the equilibriumconstant e.qg.

H,(9) + 9 = 2 HA (9)
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EXAMPLE 1

GH,(1) + CH,CO0H( 1) = CH,COOC,H;( 1)

0.1 nol C%Fh was allowed to react with 0. 04 nol C}ECCCH at 100C.

The total volunme was nmade up to 1 litre with an inert solvent so that
all reactants and products will be in the liquid phase.

This is described as 'honpgeneous equilibrium - all species are in the sane
phase.

I n heterogeneous equilibriumthe species are in nore than one phase

e.g. Pb2*(aq) + 20 - (aq) —_ Pbdl ,(s)

When equil i brium had been established the m xture was found to

contain 0.036 nol CH;COOC,H;

Cal cul ate the equilibrium constant.

ANSWER:

The equilibriumconcentrations are as foll ows:

CH,COOC,H, = 0.036 nol I-1
CH, = 0.1- 0.036
= 0.064 ol |-1
CH,COCH = 0.04 - 0.036
0.004 nol -1
K = [ CH,COOC,H.]
[ GH,] [ CH,COCH|
= (0. 036)

(0. 064) (0. 004)

= 140.63 nol |-1
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EXAMPLE 2

N,( 9) + 3H,(9) — 2NH,( 9)

The total pressure of gas at equilibriumat 450 0Cis 45 atm

The pressure of the individual gases present (partial pressures) are:

N,(9) 10.35 atm
H,(9) 31.05 atm
NH;(9) 3.60 atm

(a) Calculate the equilibriumconstant.

K = [NH]Z
[N][H)]3

[ 3.60] 2
[10. 35] [ 31. 05] 3

4.18 x 10-5 atm2

(b) The partial pressure of H,(g) is increased to 35.00 atm
Cal culate the new partial pressure of NH;(g) at equilibrium

[ NH;]

AK [N][H]?)

&(4.18 x 10-5 x 10.35 x [35.00] 3)

4.31 atm
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SOLVENT EXTRACTION J L

If a solute is in contact with
two |iquids which do not m x,

——— | odi ne
di ssol ved in
Met hyl benzene

e.g. lodine in contact with _
—— lodine

Wat er and Met hyl benzene, di ssolved in
Wat er

an equilibriumis eventually established when the rate (a) of

di ffusion of lodine fromthe Mthyl benzene into the Water is the sane
as the rate (b) of diffusion of lodine fromthe Water into the

Met hyl benzene:

I ,(in Methyl benzene)

A
b

a

v

I ,(in Water)

K = [I, in Methyl benzene]
[l,in Water]

This particular equilibriumconstant, K is known as the Partition
Coefficient. It depends on the two imm scible |iquids involved, the
solute and the tenperature.

lodine is much nore soluble in Methyl benzene than in Water. The val ue
of the partition coefficient is quite high.

Solvent extraction is a techni que which nmakes use of this
partitioning of a solute between two |iquids.

Say we had a m xture of |odine JL
contam nated with Sodi um chl ori de.

W can extract the lodine fromthis

m xture by shaking the mxture in a ——— I odi ne

separating funnel containing di ssol ved in

Met hyl benzene and Wt er. Met hyl benzene

Most of the lodine will diffuse into 1l sodiumchloride

t he Met hyl benzene | ayer. di ssol ved in
Wt er

Sodi um chl oride is much nore sol ubl e
in Water than in Methyl benzene - nost
of the Sodiumchloride will diffuse

into the Water | ayer.
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Wat er - sol ubl e organi c acids can be separated from water-insol ubl e
inmpurities by shaking with Ethoxyethane/Water. The organic acids
diffuse into the Water layer; the inpurities diffuse into the

Et hoxyet hane.

PROBLEM

(a)

(b)

25.0 cn® of a solution of Butanedioic acid in Water required
37.0 cn® of 0.1 nol |-1 Sodi um hydroxi de for conplete reaction:

2NaCH +  CH,(0OoH), ->  CH,(CONa), +  2HO

Cal cul ate the concentrati on of the Butanedi oic acid.

ANSWER:

No. of m noles of NaCH 37.0 x 0.1

3.70 mnol es

=> No. of mnoles CH,(COOH),in 25.0cn® 1.85 mnol es

=> nolarity = 1.85
25

0.074 nol |-1

25.0 cn® of the sane solution of Butanedioic acid in Water was
now shaken with 25.0 cn® Et hoxyet hane and all owed to cone to
equi libriumat 25 0C.

The 25.0 cn® aqueous (Water) layer now requires only 31.0 cn® of
0.1 nol |-1 Sodi um hydroxide for conplete reaction.

Cal cul ate the partition coefficient:

K = [But anedioic acid in VWater]
[ But anedi oi ¢ acid i n Ethoxyethane]
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ANSWER:

No. of mnoles of NaCH 31.0 x 0.1

3.10 m nol es

=> No. of mnoles CH,(COOH) ,in 25.0cn®
Wat er

1.55 mnol es

=> nmolarity of CH,(COOH),in 25.0cn® Water = 1.55

25

0.062 nol |-1

=> No. of mnoles CH,(COOH) ,in 25.0cn® 1.85 - 1.55

Et hoxyet hane

0. 30 m nol es

=> molarity of CH,(COOH),in 25.0cns = 0. 30

Et hoxyet hane 25

0.012 nol |-1

=> K = [Butanedioic acid in Water]
[ But anedi oi ¢ acid i n Ethoxyet hane]

=> K= 0.062
0. 012

= 5.17

PAPER CHROMATOGRAPHY

Put a tiny spot of a mxture of red and blue dyes at the end of a
pi ece of paper and dip the paper into Ethanol. The Ethanol flows up
t he paper, dissolves the dyes and carries themup the paper.

Paper
P @] Bl ue dye
M xture of red O Red dye
and bl ue dyes \
N -
| [ | [
| } Et hanol | J

Wiy do the dyes separate?
The dyes are partitioned between two phases:
° The Stationery Phase
I n paper chromatography' this is the water held on the paper.
° The Mbbil e Phase

In this case - Ethanol.
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The Et hanol dissolves the two dyes and begins to drag them al ong the
paper. The BLUE dye is less strongly attracted to the stationery
phase than the RED dye. The BLUE dye therefore noves faster along the
paper and thus separates fromthe RED dye:

Mobi | e phase Mobi | e phase Mobi | e phase
R —> e— @
& —» —> ®
Stationery phase Stationery phase Stationery phase

Paper chromat ography can be used to separate many solids e.g. amno
aci ds and sugars.

GAS-LIQUID CHROMATOGRAPHY (GLC)
G.Cis used to separate gases and volatile |iquids.

The nobil e phase is a gas known as the 'carrier' gas, usually
Nitrogen or Helium The carrier gas drags the mxture into a heated
coil packed with the stationery phase - a liquid (e.g. a silicone
oil) held on a solid support (e.g. Celite).

Careful control of the oven tenperature ensures that volatile |iquids
in the mxture quickly becone gaseous. The gas mi xture is then
carried through the coils by the carrier gas. Each conponent is
attracted to the stationery phase by different anounts. Wakly
attracted conponents flow nore quickly and begin to separate from
nore strongly attracted conponents.

Each conponent is detected as it emerges fromthe other end of the
coil. The detector records the time taken to travel through the coi
(retention tine) and the anmount of each conponent as a peak on a
chart.

Retention times can be used to identify the individual conponents.

The separated conponents are coll ect ed.

Sanpl e

\’

Det ect or [’IJ=[:] Col | ect or

Carrier gas

Anpunt

Retention tine

Oven

G.Cis used to neasure accurately the anmount of alcohol in a driver's
bl ood.



