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In the present investigation we have used thixotropic thorium phosphate and
thorium molybdate sols and gels as solvent media as they are transparent and
perfectly colourless and have studied a very simple reaction—the photoreduction
of ferric chloride by mandelic acid in light of wavelengths 366 and 436uu. The
kinetics of this reaction were studied, in details, in the aqueous phase by a number
of workers, notably by Eder, Jodin, Lemoine, Ross, Winther and Oxolt-Howe,
Kornfeld and Mencke, Ghosh and Purakayastha, Purakayastha, Allmand and
Young, Kornfeld, Talpade and Bavdekar.

In aqueous phase and with mandelic acid as a reductant, Ghosh and Pura-
kayastha (loc. cit.) have shown that (i) the reaction is zero-molecular with respect
to ferric chloride; (ii) the zero-molecular velocity constant increases with increasing

goncentration of the reductant and in fact, plotted against
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Az At (Reductant)
gives a straight line; (iii) the velocity constant is directly proportional to the in-
tensity of absorbed radiation; (iv) the velocity constant varies very slightly with
increasing concentration of hydrochloric acid; (v) the quantum efficiency was
found to be 1-06, 1-18 and 1-36 in wavelengths 488, 448 and 390uu respectively.

The reaction has been studied in media of (1) thorium phosphate and thorium
molybdate sols, (2) thorium phosphate and thorium molybdate gels, and (3) water,
and a comparative study of the photoprocess has been made under these conditions.

The reaction may be expressed by the equation,

2FeCly +CH;CH(OH)COOH = 2FeCly+2HC1+C0g+CeH;CHO.

Section A-——deals with the photoreduction of ferric chloride by mandelic acid in
unpolarised light of wavelengths 366 and 436uu.

Section B—deals with the photoreduction of ferric chloride by mandelic acid in
polarised light of wavelength 436pu.

Experimental.

The experimental arrangement was the same as was described by the acthors
in Part I of this series with the following alteration:—

(#) The reaction cell was 4 cm. X4 cm. X1 cm. thick and made of plane glass
plates fused into one another with a stopper at the top for measure-
ments in unpolarised light.

(b) For measurements in polarised light, a circular corex glass cell of 1 om.
thickness and 2-5 c.c. capacity was used.

Reagents :
Kahlbaum’s extra-pure ferric chloride, Merck’s extra-pure mandelic acid, thorium
nitrate, potassium phosphate (KH,POQ,), potassium iodide, hydrochloric acid and
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sodium thiosulphate and sodium molybdate supplied by B.D.H. were used. For
making solutions bi-distilled water was used.

Preparation of thorium phosphate sol and gel :

Thorium phosphate sol and gel were prepared according to the method of
Prakash and Dhar by mixing 0-25 c.c. of a solution of potassium phosphate (22-09%)
with 5 c.c. of a solution of thorium nitrate (48-14 g./litre), making the total volume in
all cases to 6 c.c. The mixture on shaking for 3 minutes and allowing to stand for
5 minutes gave a transparent, colourless and viscous sol which set to a firm gel after
4 hours.

Preparation of thortum molybdate sol and gel :

Thorium molybdate sol and gel were prepared according to the method of
Prakash and Dhar (loc. cit.) modified to some extent by Mata Prasad etal. 5 c.c.ofa
solution of thorium nitrate (48-14 g./litre) were taken in one test tube and in another
test tube were taken 1-5 c.c. of a solution of sodium molybdate (3%), 1-5 c.c. water
and 2 c.c. of HCI (0-1N). The solution contained in one test tube was poured into
the other when a white precipitate was formed, which on shaking for 5 minutes,
dissolved giving a transparent and colourless sol, which set to a firm gel after about
1 hour.

To study the reaction in the gel phase, the reactants were mixed in the corres-
ponding sol and allowed to stand in the dark until the reaction mixture set to a firm
and transparent gel. The set reaction mixture was then exposed to monochromatic
light.

To study the reaction in the sol phase, the reactants were mixed in the cor-
responding sol and exposed just after mixing to monochromatic light. The reaction
was stopped within 60 minutes during which the sol did not set to a gel. In order
to prevent the hydrolysis of ferric chloride, a certain amount of hydrochloric acid
was added to the solution of ferric chloride. When the reaction mixtures were
made in thorium molybdate sol or gel, a large number of air bubbles were always
found entrapped in the viscous liquid. Since these bubbles did not disappear
spontaneously, they were removed before pipetting, by the application of vacuum.
A clear reaction mixture was then obtained.

Measurement of the velocity of reaction :

Thorium phosphate as well as thorium molybdate gels, though thixotropic,
liquefy to a very viscous liquid on shaking vigorously and so it was found very
difficult to pipette out the exposed reaction mixture at definite intervals. For this
reason 2 c.c. of the reaction mixture were exposed in the reaction cell each time and
the whole amount was taken out in a stoppered conical flask after a definite period
and the ferric chloride was estimated iodometrically by titration, in an atmosphere
of CO;, with standard thiosulphate solution by means of a micro-burette. The
initial concentration of ferric chloride was determined in the same way.

The pH of the reaction mixture was determined potentiometrically by using
glass electrode. The pH of different mixtures were kept constant by required
quantities of HCl or KOH. The pH of the reaction mixture was varied by adding
HCL

Measurement of intensity :

The intensity of radiation absorbed by the reaction mixture was measured in
the same way as was described in Part I of the series. The intensity of absorbed
radiation was measured by noting the deflections when the light passed through
(a) pure solvent, i.e. water or pure sol or pure gel, and (b) the reaction mixture.
The difference in deflections in the two cases gave the intensity of radiation
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absorbed by the reaction mixture. It is to be pointed out here that thorium
phosphate and thorium molybdate sols and gels have got no absorption in 366 or
436uy. There is no difference in the absorption of the sol before and after
gelation.

It was found that the intense yellow colour produced by mixing mandelic acid
with ferric chloride solution in water became pale yellow in media of thorium
phosphate as well as thorium molybdate sols and gels. The extinction coefficients
of ferric chloride were measured in different media by means of intensity measure-
ments, keeping the concentration of mandelic acid greater than that of ferric chloride
(Mandelic acid)

(FeClg)
wavelengths and in different media were found in the following way: the deflections
in the galvanometer were noted, first of all, with the solvent alone and secondly
with ferric chloride and mandelic acid mixtures of known concentrations. The
molecular extinction coefficients of ferric chloride were then calculated according
to the equation,

and the ratio constant. The extinction coefficients at different

1 I
€=cd logso —(:
where € = molecular extinction coefficient,
¢ = concentration of ferric chloride in gm. mol. per litre,
d = thickness of the reaction cell in cm.,

and I, I, aré the incident and transmitted radiations measured. The extinction
coefficients of ferric chloride were also measured in presence of varying quantities
of thorium nitrate. The results are tabulated in tables 1 and II.

Tasie I.
(A) phase
366  Aqueous . .. 16290
. Thorium phosphate sol .. 106-2
' Thorium phosphate gel .. 106-2
’s Thorium molybdate sol .. 217-6
4 Thorium molybdate gel .. 217-6
436 Aqueous .. .. 610-3
» Thorium phosphate sol .. 476
»» Thorium phosphate gel .. 46-2
s Thorium molybdate sol .. 521
' Thorium molybdate gel .. 52-1
Taewe IT,
A = 366up

Concentration of ferric chloride = 1-94 x10-4M
5 mandelic acid = 2:24 x 10-4M

(Thorium nitrate) 104 . . . . . 0 2-3 6-9 13-8 20-3 33-2
€vriii i 1629-0 11730 7390 5657 4385 3661

From table IT we can see that even a small amount of thorium nitrate lowers
the extinction coefficient to a great extent.

The reactions which do not take place in the dark were carried out at 25°C.
The experimental data, are recorded in tables III to XV. The reaction was found
to be zero-molecular with respect to ferric chloride. In the given tables, in media

of thorium phosphate sol and gel, —2—: = zero-molecular velocity constant = changes

in concentration of ferric chloride in 2 ¢.c. of reaction mixture per minute in terms
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of o.c. of 0-0029N thiosulphate and in media of thorium molybdate sol and gel,
%tf = changes in concentration of ferric chloride in 2 c.c. of reaction mixture per
minute in terms of c.c. of 0-0017N thiosulphate.

In the tables, § = temperature; I35, = number of quanta absorbed per c.c.
per sec.; G = Initial concentration of ferric chloride in gm. mol. per litre and
b = Initial concentration of mandelic acid in gm. mol. per litre; y = Quantum
efficiency.

SroTIOoN A.
Determination of the order of the reaction.

TasLe IIT.

Medium == Thorium phosphate gel; A = 436pu; @ = 25°C.; @ = 6-23X10-3M; b = T4 x10-3M;
Igps, = 300-7%x1013; pH = 1-74

0-0020N— A=

H 3
Time thio for AL 16
2c.c.
reaction
mixture
(I) o 4-30 7-67 from (I) and (IT)
(II) 60 3-84 7+50 from (II) and (III}
(III) 120 3-39
7-69 (mean)
TasLe IV.

Medium = Thorium molybdate gel; A = 366uu; § = 25°C.; @ = 6-1 X 10-3M; b = 7T-4X10-3M;
Taps, = 107:0X 1013; pH = 1-42.

. 0-001TN— A% , .
Time 1o for 2 c.c. rxa 10t
reaction
mixture
T o 7.30 9-3 from (I) and (IT)
(IL) 30 702 9-0 from (1I) and (11T)
(IIT) 60 6-76
(IV) 90 647 9-3 from (IIT) and (IV})
9-2 (mean)

Effect of varying the concentration of ferric chloride.
Tasir V.

Medium == Thorium phosphate gel; § = 25°C.; pH = 1-74; Thiosulphate = 0-0029N.

A a.108 b.108 L1 BT, g AZ e

(ups) (mol.) (mol)”  fabs 10732 7 108 = 10%Igps, ¥
366 9-33 7-4 1285 52 4.0 0-06
» 6-22 ' 120-9 47 3-9 0-06
” 311 " 76:3 30 39 0-06
436 12-44 7-4 386-8 90 23 0-03
N 9-33 ) 356-0 84 24 0-04
» 6-22 2 300-7 7-6 2:6 0-04
. 311 . 206-2 46 22 0-03
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Medium = Thorium molybdate gel; § = 25°C.; pH = 1-42; Thiosulphate = 0-0017N.

A
{sp)

366

a.108
(mol.)

MO O -

— P =D
W& Bd;

5.103
(mol.)

7-4
74

’

Igps 1013

107-0
90-2
54-1

1635

1381
97-0

Az

. 108
At

—
NO =P

5SS hmtd

Ax
22, 1018/1
N, [ abs.

0-07
0-07
0-07
0-06
0-06
0-06

=3 ~1=-1 00w
RN 3D

Effect of varying the concentration of mandelic acid.

TaBLE VII.

Medium = Thorium phosphate gel; § = 25°C.; pH = 1-74; Thiosulphate = 0-0029N.

A
(up)

366

%.108
(mol.)

6-22

b.108
(mol.)

14-

WA e
BT IR PRI )

Tgps, 1013

122-2
120-9
110-1
3437
339-3
300-7
231-9

TasrLe VIII.
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Medium = Thorium molybdate gel; § = 25°C.; pH = 1:42; Thiosulphate = 0-0017N.
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b.108
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Effect of varying the intensity of absorbed radiation.

TasLe IX.

Medium = Thorium phosphate gel; § = 25°C.; pH = 1-74; Thiosulphate = 0-:0029N.

A
(pp)

366
436

”

a.108
(mol.)

6-22

6-22

2
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TaBLE X.

Medium = Thorium molybdate gel; 8 = 25°C.; pH == 1+42; Thiosulphate = 0-0017N.

A a.108 I3 o-1s AT o AT g
(pu) (mol.) {mol.) abs.10 INE 10 ol 018/T0ps.
366 6-1- 3-7 240-1 19-0 7-9 0-07
v 55 [T 100-0 8:0 8-0 0-07
436 1-55 555 56-0 40 7-1 0-06
» ” » 360 - 26 7-2 0-06
s s 37 36-0 2:6 72 0-06
s » » 18-6 1-33 7-1 0-06
Effect of varying pH.
TasLE XI.
Medium = Thorium phosphate gel; 8 = 25°C.; Thiosulphate = 0-0029N.
A a.107 b.163 Igps 10-18 BZ 15 AZ 187
(PF) (mol) (mol) PH abs. At . 10 Al / abs. b4
366 6-22 7-4 1-74 120-9 4-7 39 0-06
»» v . 1-43 »s 47 39 0-06
436 6:22 7-4 1-74 300-7 7-6 2-5 0-04
s ’ ”» 1-43 3 75 2-5 0-04
Tasre XII.

Medium = Thorium molybdate gel; 8 = 25°C.; Thiosulphate = 0-0017N.

A a.108 b.108 Az Az
I 16-18 827 108 Z.1018/7F,
(pr) (mol)  (mol) PH  Zabs. arl0s 10 Mabe
366 6-1 3-7 1-80 118-2 9-7 82 0-07
» s 2y 1-48 3 95 80 0-07
436 1:55 555 1-42 56-0 4.0 7-1 0-06
» »» » 1-18 56-0 4-0 7-1 0-06
Effect of the nature of medium.
Tasre XIII.
0 = 25°C.; pH = 1-74; a.108 = 6-22M; 5,103 = 7-4M; Thiosulphate = 0-0029N.
A . Az Az
Med . I 1613 27,108 2£2.1018/F
(1) edium abs. i 10 Al [Iabs. ¥
366 Aqueous .. N .. 131-0 9-56 73 0-11
. Thorium phosphate sol .. 120-9 4.7 39 0-06
" Thorium phosphate gel . 120-9 4-7 39 0-08
436 Aqueous .. .. .. 595-7 257 4-3 0-06
. Thorium phosphate sol .. 300-7 76 2-5 0-04
. Thorium phosphate gel .. 3007 7-6 2-5 0-04
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TaprLe XIV.
8 = 25°C.; pH = 1'42; @.103 = 6-1M; Thiosulphate = 0:G017N.

A b.108 . Az Ax
Medium. Taps 10-18 &7 143 £2.1018/1
(pt5) (mol.) iu abs. Y 10 At Habs, ¥

366 3-7 Aqueous .. .. 142-6 15-2 107 G-09
b . Thorium molybdate sol .. 100-0 8-0 8-0 007
. ” Thorium molybdate gel .. 100-0 8:0 8-0 0-07

436 7-4  Aqueous .. .. 394-6 29-0 7-3 009
s by Thorium molybdate sol .. 335-0 24-0 7-2 0-06
v . Thorium molybdate gel .. 335-0 24-0 72 0-06

Secrion B.

Ghosh and his collaborators have made an extensive study of a large number
of chemical reactions on the surface of certain inorganic micro-heterogeneous photo-
catalysts under the influence of light in various states of polarisation. In their
experiments, they have observed in certain cases a differential reaction velocity with
d- and 1- circularly polarised light of equal amplitudes.

It appeared interesting to investigate the effect on the photoreduction of ferric
chloride by mandelic acid in thixotropic thorium molybdate gel as a solvent medium.

Ezperimental.

- The apparatus and the experimental procedure were the same as in Section A
with the following alterations :-—

The polarising apparatus was placed between the ultraviolet filter and the
reaction cell. The polarising appaiatus consists of a nicol prism and a glass Rhomb.
For plane polarised light, the nicol prism was used and for the circularly polarised
light, the nicol prism and the Rhomb were used in conjunction. The description
and working principle of the polarising apparatus have been discussed by Ghosh,
Banerjee and Mulkherjee.

The experimental results are recorded in table XV.

TasLE XV.

A = 436up; 6 = 25°C.; a.103 = 6-1M; b.103 = 7-4M; pH = 1-42,

. x Az
Nature of light. Igpe, 10-13 ZAT.I(W —A—t.ION/Iabs,

Unpolarised .. . .. 3349 240 72
Plane polarised—

(a) Axis of vibration—wvertical .. 27-9 2:0 7-2

(b) Axis of vibration—horizontal .. 27-9 21 75
Circularly polarised— *

(a) d-circularly .. .. 21-0 15 7-1

(b) l-circularly .. .. .. 21-0 15 71

Discussion.

The reaction has the following similar characteristics in both thorium phosphate
and thorium molybdate gels as solvent media:—
(1) The reaction is zero-molecular with respect to ferric chloride.
(2) The zero-molecular velocity constant increases with increasing concen-
tration of mandelic acid, the intensity of absorbed radiation being also
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increased. In fact, -2—;:—-1018/1@1;5, increases slightly with increasing

concentration of mandelic acid.
{3) The velocity constant increases with increasing concentration of ferric

chloride. In fact, %}5-1013/1@8_ remains always constant.

(4) The velocity constant is directly proportional to the intensity of absorbed

radiation. In fact, —2—?-1018/1“1,& remains always constant for a

particular wavelength but increases with increase in the magnitude
of the quanta absorbed.

(6) The velocity constant is practically independent of pH.

(6) The rate of reaction remains the same in media of both sol and gel but
it is greater in aqueous media. In thorium phosphate sol and gel as

media, %;-1018/1455, remains the same but in water it is much

greater. In thorium molybdate sol and gel as media, %—: -1018/1 4.,

has got the same value as in aqueous medium.

(7) The velocity constant remains the same in polarised light having axes
of vibration vertical as well as horizontal.

(8) The velocity constant remains the same in both d- and 1- circularly
polarised light of equal amplitudes.

(9) The quantum efficiency is much less than unity.

On the observations made by Kistler that the dielectric constants of thixotropic
sols remain the same before and after gelation and also on the observations made by
Heyman that there is no change in volume of transparent thixotropic sols after
gelation so that the average distance between the constituent particles does not alter,
we can explain the reason for the same rate of reaction in media of thixotropic sol,
before and after gelation, by assuming that the activated ferric ion deactivates to the
same extent in media of both sol and gel.

The same rate of reaction in media of thixotropic sol, before and after gelation,
means that the reaction can proceed equally fast whether the water of the medium
is free or bound.

The quicker reaction in water may be due to a complex formation between
mandelic acid and ferric chloride as is evidenced by the deep yellow colour of the
mixture,
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