
PHOTOCHEMICAL REACTIONS WITH SOME INORGANIC 
COLLOIDS AS ACTIVE AGENTS UNDER THE INFLUENCE 
OF UGHT IN VARIOUS STATES OF POLARISATION. 
PART III. ON THE EFFECT OF P• ON THE PHOTO
REDUCTION OF TUNGSTIC ACID SOL IN UNPOLARISED 
LIGHT. 

Bv J. C. G:a:os:a:, T. BANlRJD and MD. S'CB.AT Au KHAN-

The present section deals with the elfect of .Pa on the velocity of 
photoreduction of tungstic acid sol. For purposes of comparison, the 
effect of pa on the velocity of reaction with three types of reductants 
viz., electrolytes, non-electrolytes, and ampholytes has been studied. 

E X P B B. I II B N T A L. 

Pre~~amtitm of Sol.-The sol was prepared exactly in the same li'.'BY as 
before and for variation of :Pa of the reaction mixture, solutions of hydro
chloric acid or caustic: soda (Merck's reageut) were subsequeD.tly added as 
the case may be. This procedure is necessary to ensure the complete fonna
tion of the sol. The :Pa of the reaction mixture was brought by trial to tile 
required_value. 

The Pa values were measured by the quinhydrone electrode. 
E,;perimerdal results.-The effect of the change in the conCeD.tration of 

sodium chloride, fanned during neutralisation of acid by NaOH for 
regulating the p" , on the velocity of reaction was first studied and found 
to be nil. 

Effect o/ p,. qn the Velocity o/ Photored•ction. 

'fABLK I. 

d (thickness of the cell)=o.s l'ln., ')'=Quantum ef&Ciency. r .... = 
Intensity of absorbed radiation in ergs/c:m"/se~. 
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TABLE I (ccmtd.). 

(&) Tungstate -=- o-o2sM. Glaease =- .1o%. labs= 2440. Temp. - 31.•, 

Pa 

K1 •xoll 

,. 

1"73 

10"42 

o·68 

4"01 

I•5J 

0·10 

(c) Tuugstal:e ~ 0'02SM. Laevalose - S% · lab" = :<JJX. Temp. = 30". 

..... :<·Js :r·-48 1"94 2•12 

K 1 xxoU 8·68 6•JO 4"50 J·.,S 

., %"07 o·?ll a-ss o·-49 

(d) TllllgState = o·ozsM. Lactic add= X"'IM. laba-== IJJJ. Temp.= JO". 

pa o-76 

Kex:rolO g·B3 

., x·::u 

(e) Tuugstate = o·025M. 

i'• l'IJ 

K 1 xxo1D 4•57 

., 0-56 

(f) Tungsi:a.te- o·osllf. ,.. l•JI 

Ko" zoJD s-67 

., O·JJ~ 

(g) ·raugstate = u'o5M. 

I'• r4U 

K 1 xxolD 2'20 

., 0"134 

(lo) Taogstate -o·osM. 

t• 1"75 

K,.-,.,11 :rz·83 

., 1"17 

o·Bs x·o6 z·:r8 

1:2"03 n·?ll 12'77 

x'-48 %'57 z's7 

Mandelic add~ M/4. 

:<'J2 r'62 

4•8J 3•70 

o·s9 0·46 

1·6x 

8·70 

:1:'07 

2"12 

5"53 

o'68 

Jabo- IJJI. 

2",[2 

2·76 

O·J4 

2'52 

3'g8 

Temp.- 29-5• 

2'J 

2•J5 

0·29 

Leacioe = o'666%- 1&W.=:1722- Temp.=29'5". 

x-6s l·S6 2"33 2"98 

4·6o 3"33 l"s8 o·87 

0"::!7 O•Jgti D'Cli,IJ O'USI 

(.~llllnmi~o.· acid-.1%. 1Bb•=2fiJ>· Temp.= 29·5 •. 

1'5:! 1'74 2'05 2'51 

1'97 •·:aS o·67 u·.:~:e 

0":120 0"078 0'040 0'025 

Hypophospbite= o'o83M. labs= 1741!. ~re!Dp.- 31•. 

z·n z·,s8 3"50 4"10 

9'7.5 7"3.5 3"35 x-67 

o-119 o--6,- 0"31 o•:r.s 
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D I S C U S S I 0 No 

From Figs. I and 2, it is evident that in all cases at about ~. 4 ·a, the 
velocity of reaction is practically nil. 'then with the decrease of P• , the 
velocjty of reaction increases steadily. After the p. reaches I.J, the system 
becomes WlStable and the colloid coagulates shortly after its preparati011. 
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FIG. 3· 
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Our results can be best ex)?lained on the basis of the observations made 
by Rabinowitsch and Kargin (Z. Pllysikal. Chem., 1931, 152, 26) and G. 
Jander and others (z. anof'g. Chem., 1929, 180, XJ8). 

Rabino\1\o;tsch (loc. cit.) from the measurement of specific conauctivity of 
tungstic acid sol at different dilutions came to the conclusion that above .p. 
4"8, tungstic acid sol was in state of molecular dispersion. Iu other words 
tungstic acid sol formed a true solution. Below p. 4"8, colloidal micell~ 
are formed. As the Pa is still decreased, the portion of tungstic acid exist· 
ting as micelles iDcreases. 

That the increase in the velocity of reaction is due to the increase in 
concentration of micelles can be clearly seen from the data recorded in 
Tablen. 

TABLE II. 

h) (2) bl (4) lsi (61 (71 fBI (g) (roJ 

I'• . 7nluea.e~ '7RCBO. 7Lanuloo~. "•·•nil" 
add. 

7 Maudelit• 'R/A. 
aJ:id. 

F/A. G/A. H/A 

(A) IBI (F) (G) (H) 

2"5 0·40 0'375 ""35 o·so <>·2s "-'90 o·!4 '1'":211 o·6o 

2'25 o•-485 0"455 O'dJ o-6r5 O.JO o'go o·85 r"22 0"59 

2"0 o·sBs 0"555 o·s:zs .... ,4 O"J.~.~ 0'95 o·Bg r·:z6 o-6r 

I'75 0"70 o•6.s.~ o·6z 0'92 0'42 o'gr o'B7 1·29 £1',59 

1'5 0'995 o·l!gs o·Bo 1'24 0'53 0'90 o'Bo I'::14 0'53 
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U-we compue the-relative rate of increase in qwmtum yield with laevu
lase, glucoae, etc. in Table n. we find that the ratio between qaant:tun :ricld 
at-diBerent ~-is practically constant ('llide columns ,. •. s. 9 B!ld :EO, Table m. 

It may be puioted oat that lactic acid and mandelic acid between I'- r S 
and a·s exist practically in the undissociated state. 

Lactic acid and JDPndelic acid stabilise tuDgstic acid 501 below 11w. :~:·s 
but at the same time, the effective specific smfac:e of the 501 is much -dimi
aished due to increase in the size of the colloidal micelles. So we get a 
diminution i.n the velocity in those cases where it is possible to keep the 
reaction mixture stable below I· s. 

TABLE m. 
-y=Quantum efficiency. 

I>• 4'0 3"75 3".5 3"115 3"0 !1"75 li"S •·:as ll"o Z"75 

78~,_0"175 O":IJS 0"30 0'37 o·4fis o'sll 0'70 o'&ts o·gSs I"J:S 

'l'G'- 0'105 0'135 0'18 o·u 0':175 0'335 0'40 0'4115 o"sll 0"70 

.. '!!_· -K"67 J:'74 1'67 :1'68 . .,. .1'70 Z'73 J:'75 J'74 z_·;oo 1·6s 

We know that hypophosphite dissociates more and more as~· iacreases. 
The constancy of the ratio 'l'• /-y. in Table m indicates that the undis
sociated or the dissociated hypophosphite has the same ellect on the velocity 
of photoreduction of tungstic aeid sol. 

TABI.E IV. 
~I 131 (A} 

& 

Csl 
C/A. 

(6) 

D/&. 
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In the case of amino-acids (Table IV), the rate of reaction (hence 
quantum yield) is influenced by a second factor, in addition to the efiect 
of H+ ions on the tungstic acid sol. We observe from 'fable IV, columns 
(s) and (6), that in the case of leucine and glutamic acid, the relative increase 
in reaction velocity with decrease in p. is different from that obtained with 
glucose as reductant. 

The abnormal increase in reaction rate as P• is lowered can be explain
ed. in the following manner. 

The velocity of the photoreduction with amino-acids as redLLcing agent 
can be expressed by the equation 

dx/dt=K, (surface cone. oC NH8R'COOH) +K1 (surface cone. of 

• NH3 'R'COOH) 

It is the positively charged +N H!l 'R "COOH and the neutral molecnle or 
the zwitter ion [+NH 11 'R'CQO-] which alone can get adsorbed on the 
negatively charged micelle stU"face. 

The co!icentration of the ions +NHs' R' COOH in a solution of amino
acids, increases rapidly (vide Table V) as the P• is decreased below P• about 
J"O {Harris, PToc. Roy. Soc., :1924, B9&, 44I). 

Assuming that the adsorbability of the " zwitter ion " and the form 
+ XH on the surface of the sol micelles is of the same order and remembering 
that at the same P• for leucine, the velocity constant is independent of the 
concentration of leucine, we may express the velocity constant of the 
reaction by an equation of the type 

K 1 is a fllllction of Pa whieh determines the reactive eapacit:y of 
colloidal micelles. At P• 4·o, leucine exists practically in the form +x
aud K, has the value o·oz. It is to be expected that the variation of Kt 
with lis should be the same as that observed in the case of glucose. 
Similarly Ks is another function of Pa , being equal to O'J:t at Ps I"S where 
leucine exists practically in the +xH form and decreases with P. at the rate 
at which the velocity of oxid,a.tion of gluc:osse by tUllgtic acid sol decreases 
wUhl~ . 
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C["'"x-], C [ .. XH] and Ctoota• denote the ccmcentrations of (+x-J. 
(+XH] and total concentration of amino-acid used m the experimen.t. 

Similar equation was applied m the case of glutamic: acid. The 
agreement between the observed and calculated values indicates lhat our 
assumptions are justified. 

TAm.B v. 

Leucine 

Glutamic acid=1"s x 20- •• 

Lea riDe. 

'"· CL•x-J c[•:S:Hl" 

:~·s ooB.r o',s89 

'1."75 O'JJ3 o'sJI 

a·o O":ZOJ o·467 

a·zs O"llgll 0'378 

··so o·JBS o":zS:z 

11"75 0'4741 0"184 

3"0 0'545 0"123 

J':IS 0"593 0"077 

3",50 a·6as o·au 

1"7.5 o·644 o·o:z6 

4"0 o"6.ss 0"015 

_K., _ [•x-] [Hj, 
K.-K. --.. [XH] -

6·667 x ro-• 
(L. J, Banis, loc. cif.) 

Glutamic acid. 

O'J74 o'826 

0'27.3 0"7117 

0"4110 o'6co 

•. 543 0"4.57 

o'6gB o·p 

0'7119 0'811 

o"Si'O o"rJO 

Og23 o"a,S 

0'95,5 0"04$ 

0"974 o·03l5 

o"gSs 0"015 

The results are plotted paphic:all)' iD Figs. 4 and S· 
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TABLE VI. 
Leucine. 

K~o tb/tlt -·----calc:. (obs.). 

0"0257 0"0419 o"0263 o"o28 

0"0343 0"0559 O"OJSZ 0"1137 

o·114:r9 o·o684 o"0449 o"045 

o"osa4 o·oSss o"os86 o·os4 

a·o6.]8 o"0942 o·o-p.~ o"o6s 

o"D76g 0":1:24 o"CJ96-t o"o78 

o·on o":r8o o"I59 o"142 

0"1:13 o":a:dl o·rgg o·:137 

0"%911 O"JI[O D"JOD O"JIO 

['") ,.... rt.-'r 

"" 1\ :/ 
1 

'{_ 1\. 
/ ~ 

" """' -
4 s 

Glufamic acid. 

K,. 
calc. (obi.). 

o"ODII 

o·ou 

o"013 o"o265 o"or41 0"015 

o·o163 o·o332 o"oiBs o"DUI 

o"o1gg 0"0404 o"024::1 

0"0237 o"Q48::a o"OJIZ 

o"osg o"1200 Ci"U 

On decreasmg the .p. we have observed that beyond .P• 1."3, the 
system becomes unstable, the sol being coagulated. This corroborates the 
obiervation of Jander (loc. cit.) who found that tungstic acid mic:elle is 
coagulated at .p. z·s ±"2· 

CBDac.u. LAIIORA!ORY. 
DMXA DIIIVUIIIITV. D&CC-A, 

R1cehlcd /W:Y so. rgJS. 


