
PHOTOCHEMICAL REACfiONS WITH SOME INORGANIC COlLOIDS 
AS ACTNE AGENTS UNDER THE INFLUENCE OF LIGHT IN 

VARIOUS STATES OF POLARISATION PART XV. 
PHO fOCHEMICAL REDUCTION OF CERIC BORATE 

SOL WITH GLUCOSE AND LAEVULOSE 

Bv T. Bt.NitRJBB 

Pbotoc:hemic:al ~daction of the t't'rie lmafe aol .,·ith glueoae and laevnloae hu beea atadied ia light. 
nHect o( varying ronc:eatTatiollll of the nductants 11.11d the 1101, i11tensity of ndiatiol:uJ, temperature and the 
inllaenre of p:»larised light and alfto the eftect of innlating the sol on the light reaction have been 
invHtigated Blld an equation baa been de¥eloped ,..hich can explain the characteristic: festares of tbe 
obeened ~tion. 

Tl1e experimental arrangement has been described in Part I (f. Indian Chtm. Soc., 
1937. 11, sao). 

Pure eerie ammonium nitrate (B.D. H.) and Merck's pure borax after recrystallisation 
was used for the preparatioa of the sol, which was prepared after Prakash and Dhar I ibid., 
IgJo, 'l, 373) dialysis was continued till the dialysate showed no test of ammonia with 
Nessler•s reagent. 

EsH,.,udion of Ct.,•c Bor41e Sol:-A definite volume of the sol n·us ruli into IU c.c. of 
4% sulphuric acid contained in a stoppered conical flask. It was then shaken for 1 n1inute 
and after s minutes titrated slowly with litandard ferrous ammonium sulphate solution with 
constant s.baking using one or two drops of diphenylamine (25%) as it1ternal indicator. 

'fhe reliability of this method of estimatioa ~II be evid1.."Dt from the followiug poten· 
tiun1etric titrations. 

TABU I 

A sample of eerie borate so1 was taken and titrated potentiometriCill1y with 
o'OI•V·FeAmSO •. Amount of eerie bor11te sol tak~n was o' 376 c.c. 
Amount o£ 
titre i11 
cc. Cs) - 0 05 o·s 0"85 0'9 0 95 r·o 1"05 I"JO 1"10 

BM.F. (El o's85 0"554 0'498 11"477 1'1"431'1 (~"355 o·IJO 0"136 1)"215 1>"195 

dEfds 6 19 42 91 ISO .. ~ 88 4J ao 

The experiment was repeated several times and the maximum value for dUidx was 
foUDd when the amount of titre added was o"gs c.c:. 

Again o· 376 c.c. of the above eerie borate sol was titrated with FeAmso. (o"oJN) 
using dipheDylamioe as the internal indicator. Titre required for complete reduction 
"''u o·gs c.c. 

By CODcentratioa of the sol we shall always understand the eerie: equivalent of the 
sample of the sol. 
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Ceric borate sol was not reduced by glucose or by laevulose for a pericd of Io hours in 
the dark. The sol and glucose or laevulose, wb.en insolated, showed a long induction period 
followed by an irregular reaction and a (lhoto-stationary state. This irregularity of the 
reaction and the photo-stationary state have been traced to be due to dissolved atmospheric 
oxygen which oxidises the reduced sol. Hence pure nitrogen was passed through the 
reaction mixture for a sufficiently long time before it was exposed to light Pipettiog of 
solution for titration was done in an atmosphere of pure nitrogen. 

TABI.It u 

Study of the light reaction. 

d (thickness of the reaction cell)= o · s em. 
Cone. of glucose=2'5%. p.=6'g, Temp.=29". 
absorbed=405 ergs/cm1 /sec. 

Time. 

(a) omiu. 
(b) 240 

(1:) 310 

ld) J8o 

Vol. of o"co2(M) ferToas 
ammoaiam sulphate a 

18 c:.c:. of reaction mixture 

]"30 c.c:. 
I"05 

o·l!6 
0"72 

Cone. of eerie borate sol=o'o144M. 
y= J66p.p. Intensity of radiation 

.. .. _z {~-~}· 
t(~l "'a-:t: a 

lDdactiou period 
4'7" Jo" • (from b 6 c) 
4"7XIo·• (from b & dJ 

The reaction was attended with a long induction period. The velocity of reaction with 
excess of reductant is best explained by the equation, . 

dx I d L = k(a- x)~lt 

which on integration gives 

... (i) 

TABI.•III 

Effect of "Varying the c:oncenlratioPJ of the nductants. 

d (thickness of the reaction cell)=o·s em. Sol cone. =o'o144M. 

1'c.·mp. ldbo iu Reda~-taut Cvuc. of l;:(z) Olean. Quant an• 
ergs.1c:nl"aec:. Wled. redL1cfaut. yield. 

:19" 405 Gla~ost: 2"5% 4'7" •o·• 1"95 

29 .. 1"115 3"6 1"65 

Z9 11"625 2"52 J"Z5 

25 1315 I,aevdluse 2'S 9"4 J"llo;l 

25 1"25 5"55 I"D5 

z~ o·6lls z·s o"SJ 

1/ k plotted agaiust 1/.: (rc.-ductantl gives a straight liD'-=· 



1M 

Temp 

19" 
29 
liS-5 
25 
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TABI.R IV 

Effect of varying tiJe concentration of eerie bo,.ate sol. 

A.=J66pp.. fJa=6"g. r .... in ergs/c:m'/sec:.=s7I-

Sol. 
~rm~. 

o'o145M 
0'007ll 
0'0144 
0'0072 

Reductant 
aaed. 

GlllCOiie 

~~lose 

Redactrmt 
('OIIC. 

lr(l) 

s·s8 ••o·• 
.S'Ja • 
19 
I 8 

From tbe above table it is evident that the velocity coustaat is independent of the sol 
concentration, under otherwise identical conditions. 

Temp. 

TA.BLB v 
Effect of 'VaT:ying the intensity of Tlldialion. 

A.=366 p.p.. Pa=6"g. Sol. conc.=o"or44M. 

l .. bo ia 
ergsfcmlfser. 

405 
6so 
nrs 
UJO 

Glacoae 

L~''l"uloae 

Coac. of 
reductant. 

lr(l) 

4'7 "IO' 
5'67 
ll"l 
3'65 

The above table shows that the velocity constant is JJroportioual to the square r~ 
of the intensity of radiant energy absorbed. 

Effect oj Varying tlae Temfleralure. 

The temperature coefficient of the photo-redudion is sma\1, bt:ing of the order 
of r"r to r"2. 

l'A.BLB VI 

Influence of polarised light. 

A•366 p.p.. p,.=6·~. 

(a) Sol. cooc,=o"or44M; glucose""2"5% (b) Sol. couc.=o"or44M; lae\o"ulose=I'25% 

'!'earp. loloo in Nature of 

~g· .. 
30 

erga/cn•' i light ased. 
aec:. 

405 
293 
135 

135 

Unp;,Jarised 
l'lane polarised 
d-Cin:alarly 

J?OiariKed 
1-Circalarl)' 

pnlari!!rd 

lr(l) 

1'35 

T~:nrp. 1,1 .. iu Nature or 
ergs/rn1l; ligbt aaed. 

!el'. 

1215 

, (1) 

s·ss Unpolariaed 
(ordin11.r•·1 

l'lane polarised ;1'72 
251 <f-Cin:Jrlarh· 1"5 

pulariaed 
1-Cirl'Dlarly 

pulariNL-d. 

It is dear from the above table that on the assUIIIJ>tiou that square root law hol,ls good, 
V~o= .,. r= V ..> v ... tbe terms V u, V •• V ~. V,. baving the san1e significance as before. 
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Effect of PFe-insolati'llg tke SoJ. 

From Table II, the reaction seems to possess an induction period of about 3 hours; 
for weak illumination it is even b hours. 

The sol was insolated for nearly four hours in a quartz: test tube, iu an atmosphere 
of nitrogen_ gas and then mixed with other constituents of the reaction mixture and 
exposed to light (366 P/'). The reaction is now marked by the absence of any "induction 
period." That t'he velocity constant also remains unaffected is showu by the following 
data. 

TABu: Vll 

Cone. of sol=o·o144M. Cone. of glucose=2"5'%. Intensity of radiation absorbed= 
405 el'gS/cm 11 ;!iCC. 

Time. Titre. •hl "J01
• ·m- (t) •10~-

o mia. J'UC.~. 

.so 1'04 4'75 
104 0'90 4'6S 4'7 

When the sol was not preactivated ~he velocity constant was also 4'7,.. ro-~ (Table II). 
It bas been observed that the active sol does uot react lll'ith glucose or laevulose·in the dark. 
The activation does not take place in an atmosphere of ordinary air. The active SOl 
looses its activity within half an hour in the dark. Pre-insolation of the glucose and 
laevulose cannot avoid the induction period. 

Very dilute (o'oooaMl ferric chloride, ferrous· amUioli:iwu sulphate, copper sulphate, 
and manganous sulphate have practically no inBuence on the velocity constants of ·the 
n:actions. 

D I a_c v s s IoN 

Any mechanism proposed for the photo-o.xidatiou of glucose &Dd laevulose by sol of 
eerie borate should be in a position to explain the following characteristic features-:-

{i) That the velocity of reactioD is proportional to the 3/2th power of the coucentra• 
tioa of the photOactive :reagent, 

(ii)- that the velocity constant varies as the square root of i.Dteusi.ty of absorbed 
:radiation under otherwise identical experimental conditions, 

(iii) that the iuverse of velocity constant plotted against the inverse of concentration 
of :reductaD.t is a straight line, 

(i'll) that the quantum efficiency is generally greater than unity which mdicates 
the existence of some kiad of chum mec~ism. 

The I;Decbanism of oxidation of sugars by air in presence of cerous hydroxide gels 
has been studied by Ghosh aud Raksb.it {]. lndiart Chem. Soc.. 1935• tl. 357). There 
the foriDBtion of- eerie hydroperoxideJn course of.osidatioa of sagars ~experimentally 
demonstrated. It appears that a eerie compound activated by absorption_ of. mdia~ is 
not capable of IeactiDg according to the ·simple m.echanism. 

Ceric compoDJJd (activated) + AHI {substrate)-+cerous compound+ a• + AH. 

s-zs47P-4 
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If that were so, the kinetics of photo-oxidation would have been extremely simple. Tlie 
fact is that the substrate AHa cannot part with its hydrogen atoms singly : whenever it 
enters into any reaction both the hydrogen ·atoms must be removed simultaneouly. A 
mechanism which takes into consideration this central fact, and also the intermediate 
existence of eerie hydroperoxide compound, may be developed as follows :-

(i) A molecule of eerie compound [Ceh++] + hv~activated molecule (Ce+• ... act.) 
(ii) ee++.-+act. +ee••+ •normal + 2H80-+::erous cowpound+ceric hydroperoxide. 

(iii) Ceric bydropero~:ide +AHa+ eerie compound ~ A ·+ cerous compound+ active 
eerie compound. 

(i11) 2 Activated eerie compound molecules+ AHa-+ A+ 2 cerou6 compound molecules. 
It is easily seen that lbis mechanism will give us the followi:Dg value of velocity of 

reaction if reaction (i11j is, as is very probable, small compared with reaction (Iii). 
cb:/dt-=k,[Ce++ .. act.][ce++•+uormai].C,, where· c. is the surface concentration of 

the reductant on the colloid micelle. 

=k.[l·• 'Zhce++++ Ji [ce++•+] c •. 
Our experiments on the measurement of the extinction coeflicipnts of radiations 366 H­
by eerie and cerous borate sols, show that these mapitudea are of the same order. Bence 
we may assume that of th~ total light (la•) absorbed by the system, T ... (a-%), is the 
fraction absorbed by the eerie compound. 

Hence d.%/rlt=kavl~bo (o-x)l/2 .C • 
The surface concentration of the reductant glucose is given by the well known Langmuir 
equation 

C = k,c(hulk) 
• k. + k,dbulk) . 

The equation thus developed explains at once the characteristic features of the reaction 
which we have observed. In view of the chain rnechanisn1 postulated in reactions (ii) and 
tm) ~d the break in the chain due to reaction (i'll), the probability of the quantum. 
~fficiency being greater than unity is indicated. 

- 'r'he difference in the efficiencies of these photochenlical reactions ia circularly polarised 
light can be best explained from our knowledge of the anisotropic factor for eerie borate 
1501 in the region of 366 p.p. (Ghosh and Banerjee, Kolloid Z., 1939,88. 3). 

Cone:. of eerie borate sol 1 ... = 570 erg•/c:miJ~«. A.ni.totmpfc: fador 
0'0031 llf for 11. = 366 I¥ 

Period of preezcitalion 
'"'111 hoara. 

d-Circ:alarly polarllled 
light. 

I Circ:alarly polariltd 
light. 

,. Al -Ad 
8 liAr +lid 1 

-o"CJ40I 

+o"oalil 
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