
Chemistry, - "Catalysis. IX. TheJ'7llal and plwtochernical1'eactwns" 
By NIL RATAN DHAR. (Cornmunicaied by Prof. EHNST COImN). 

(Communicated al the meeting of September 25, 1920). 

In a foregoing paper (DHAH, Trans. Chem. Soc. 1917 111, 707) 
it was shown that the temperature coefficient of tbe oxidation of 
potassium oxalate hy iodine has the valne 7.2 fot' a 10° rise in the 
dark and this l'eaction is extremely sensitive to light. 

It occurred to me that all reactlons which havo high temperature 
coefficients shonld be sensitive to light. 

I have shown previously that most uni-rnolecular reactions have 
high tem peratu re eoefficien ts and ] in vestigated the effect of tropical 
sunlight on several of these reactions, and tbe following results were 
obtained. 

Ammonium nitl'ite decomposes faidy readily at ahout 33° in 
sunlight, whilst at 33° in the dark there is hardly an)' decomposition, 
The tempel'ature coefficient for a 10° rise in the dal'k is about 4.5 
(ARNDT, Zeit. Phys. Chern. 1901, 39, 64). 

The intL'amolecular transformation of acet)'l chioranilide to para
chioracetanilide has the temperatnre eoeffieient 3.2 in the dark. 
(RIVWI'T, Zeit. Phys. Chem. 1913, 82, 201) and BLANKSMA (Rec. tray. 
Pays. 1903, 22, 290) has sllOwn that the change is sensitive to light. 

Similarly the pseudo-unimoleeular l'eactions, the hydrolysis of 
cane sugar and the decomposition of potassium pel'sulphate, are highly 
inflllenced by light. An aqueons sointion of eane sugar when exposed 
fol' several days to tropical sunlight, becornes converted into the 
in ver't sugars. 

GREl<JN and MASSON (Trans. Chern. Soc. 1910, 97, 2083) have 
shown that potassiurn persulphate is slowly decomposed by water 
according to the following equation 

J(, S. 0 8 + I-I. 0 = 2 J( H S 0 4 + O. 
Tbis reaction has the tempera/ure coefficient 5 in the dark. I found 
that the reaction is very sensitive to light and the ox.J gen given ofr 
in 24 honl's in sunlight is practically equal to that produced in 
about 15 days in the dark at 27°, 

The decornpositions of the sulfine bases and the tetraammonium 
compounds studied by VON HALBAN have high temperature coefficients 
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and these reactions when investigated would show great sensitiveness 
to light (ZeiL Phys. Chem. 1909, 67 t 129). 

CAIN and NICOLL (Jour. Chem. Soc. 1903, 83, 470) have proved 
that the decomposition of the diazo salts has the value of about !) 

for their ternpel'ature coefficients and it is weil known that diazo 
salts are sensitive to light. 

PENDLEBURY and SI~WAHD (Proc. Roy. Soc. 1889, 95, 396) have 
shown that the reaction between KCIO s KI and HCI has the tempel'
ature coefficient of about 4 in the dark and I have fOlmd that the 
reaction is very sensitive to light. 

I have already shown (Trans. Chem. Soc. 1917, 111, 707) that 
the oxidations of sodium formate by mercnric chloride and by iodine 
lias 4.05 for theil' tem peratll re coefficien t. These two reactions are 
also very sensit:ive to light (DHAH, Proc. Akarl. Wet. Amsterdam 
1916, 24, 1324). 

1 have shown that light markedly accelerates the reaction bet ween 
iodine and oxalates and now I have tried 10 find out which part 
of the I3pectrnm isactive in this reaction. For this I exposed five 
small tnbes containing a mixture of potassillm oxalate and iodine 
in a spectrum obtained from a carbon arc-light. It was found that 
the iodine disappeared fil'st ill the tube held in' the indigo portion 
near the violet end of the spectl'Um. Then that of the tube held in 
the blue region. The chemical change took pluce almost simultane
ously in the tubes held in the green and violet portions of the 
spectrum and the colour of the tube in (he red end was the last 
to disappear. 

A mixture of mercurie chloride and potassium oxalate undergoes 
the following change in sunlight: 

2HgCI 2 + K.C.0 4 = 2KCI + 2CO. + 2HgCl. 

This decomposition can also be induced by ligbts obtained from a 
carbon arc, quartz mercury vapour lamp, and an arc obtained by 
passing alternating current in electrodes made of thorium and 
zirconium oxides. I have repeatedly obsel'ved tbat in tropical sunlight, 
a solution of ammonium cupric oxalate deeomposes readily in glass 
vessels with the separation of metallic copper and evoltltion of 
carbon dioxide j but it was found impossible to bring forth this 
change by light obtained from the carbon arc or the thorium and 
zirconium oxides arc. 

1 have fOlmd that uranium nitrate markedly accelerates the photo
chemical decomposition of a mixture of mercuric chloride and potas
siurn oxalate, bnt chromates having the same yellow colour as the 
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uranium salt exert a markedly negative effect. 1\1A'l'HEWS and WEJ'~KS 
(Journ. Amor. Ohern. Soc. 1917, 39, 635) hav'eshown that. ul'a.nium 
nitl'ato is also apositive catalyst in the photochemical oxidation of 
sodinm sulphite. 1\1oreove1', it' is wellknown that umniurnsalts mark
edly help the photochernical decomposilion of organic acids (e.g.), 
oxalic, fOI'mic, lactic etc. Hence it appeal's th at a llmninm salt is 
a positive catalyst of gl'eat generality in photochemical reaetiolls. 

I have' observed t.hat rnanganese sulphate exerts a negative effect 
in the photochemical decornposilion of a mixture of mercurie chloride 
and potassium oxalate. It has already been shown that rnanganese 
salts act as a Ileg'ative calalyst in the reacLions bet ween phosphorous 
and chromic acids, formic and chrornic acids, mer,curic chloride and 
sodiurn formaie, iodine and sodium formate, silver nitrate and sodiurn 
formaLe, silvel' nitrate and fel'rousammollium sulphate, etc. So it 
seems th at a rnanganese salt is a negative catalyst. 1'01' light and 
dark reactions alike. 

I have also observed the effeds of the different pal'ts of the 
spectt'umon several other photoehernicall'eactions by passingordinary 
sllnlight thl'ough different solutions and exposing the reaeting sub
stances to the filtered lights thus obtained and the results obtained 
are sumrnarised below: 

(1) HgCI~ + (NH 4 ). C20 4 ~! 
(2) I, + (NH 4\ 0 20 4 ~ 

(3) FeOl l + (NH 4). 0 20 4 ~ 

(4) Pyrogallol and Pyrogàllate 

+ O. ~ 
US) Hydroquinone + O. ~ 

(6) Cu 20I. (ammoniacal Ol' acid) 

:+ O~ ~ 
(7) Deromposition ot H,S ~ 
(8) Quinine acid sulphate + ~ 

H,Or,07 ~ ~ 

(9) KMnO, + H2C.0, -+ ~ 

BIue, violet and ultra-violet mOl'e 
active thanthe red and infra-red. 

practically uniform acceleration in 
different parts 

Blue and violet slightly more active 
than the red. 
Violet and ultra-violet more acth'e 
than red. 

Tri a remarkable artiele PKHHIN (Annales de Physiquc 1919, t. XI, 1) 
has enllnciated the following hypothesis: 

"All chemical reactions are provokeJ by light radiations. Theil' 
velocities are determined by the intensity of the light radiations and 
deperld on temperature to such an extent as the light intensity 
depends on tempemtllre". By applying the idea of the emissive 
power of perfectly black bodies and its relation to tempel'ature, 
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PgRRIN has' deduced the follo\ving eql1àtion connectingthe velocHy 
coefficient and tbe temperatllre: 

2 3 cl log k = flV ~T, where k = velocity' eoefficient, v = wave-
• , 10 "712 

length of the acti vating radiation and T = absolute ternperaturê. 
Fl'om his calculations, it is seen that the wavelengths which are 
a.clive in bl'inging fOl·th the ordinal'y chemieal changes vary from 
2.56 to 0.8 microns. lt is also seell that a l'eaction which is highJy 
sensitive to the influence of temveratul'e, has a small valne fol' its 
activating waveJength, that is, a reaction of this type w0uld be most 
sensitive to violet and ultraviolet end of Ihe spectrum. From I~ERHJN'tl 
calculations it is seen that the reactiOlI hetween K,C2 0 4 and I., which 
has the high ternperature coefficient of 7.2 in the dark, has 0.8 
micron for tbe wavelength of lts aetivating radiation. In otho[' words, 
this reaetion would be most sensitive to light near the red end of 
the spectrum. But it is expel'imentally shown that this l'eaction is 
not sensitive to the indigo part near tbe violet end of the speetrum. 
My own expel'iments on sevel'al photochemical reactioIlS have shown 
that the blue and violet portions of the spectrum are most active 
so far' as chemieal effects al'e concerned. Although the hypo thesis 
of PKRRIN is still of a qualitati\'o nature, it is a highly sllggestive 
one and my experiments give this hypothesis a sort of general 

support. 
I have tried to prove experimentally th at reactions, w hieh are 

most sensitive to the influence of ternperature, are also most sensi
tive to the inflnence of light. In a foregoing paper, I have advanced 
the hypothesis that temperature and light affect a chemical change 
in a similal' way. The expel'imental evidence brought forward in 
this artiele, as weIl as PKHHIN'S hypothesis that all chemical changes 
are indueed by radialions, give additional confil'mation to my hypo
thesis l'egarding the identity of effects of tempel'ature and light on 
chemical reactions. 

Summary: 

a. Evidence bas been brollght forward in support of the view 
that reactions, having large temperature coeffieients, are sensitive to 
light. Bence fol' a chemical reaction, sensitiveness 10 tbe influence 
of ternpel'atlll'e and sensi!iveness to light radialions go hand in hand. 

b. The indigo part near the violet end of tbe Rpectrnm is most 
active in the reaction belween K2 C.0

4 
and I.; blue and violet parts 

more aetive !han the red in the following cases: 
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(NH.).C.O. + HgCl., (NH4)2C.04 + FeCI 8 , H.C.0 4 + KMnO. 

and Quinine bisulpbate + H.CI'207' 
c. Uranium salts are general positive catalysts in pbotocbemical 

reactions, whilst manganese salts are general negative catalysts in 
light and dark reactions alike. 

cl. PEHHIN'S hy pothesis that all chemical reactions are induced by 
l'adiations support the view th at tbe effects of temperature and of 
light on chemical reactions are of an identical nature. 

e. A soilltion of ammonium cupric oxalate decomposes with tbe 
separation of metallic copper and evolution of CO. in tropical sunlight, 
but not in carhon-arc-light Ol' the zirconium + thorium oxides-arc
light. 

Chemical Labomtory, Mui'" Central College, 
Allahabad, india. 
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Chemistry. -- "Catalysis. X. E'xplanation of some abno1'rnally large 
and smalt tempemtu1'e coefficients". By Nu, RATAN DHAH. 

(Communicated by Prof. EUNST COHIm). 

(Communicated at the meeting of September 25, 1920). 

SKRABAL (MoJlatsh. j 914, 35, 1j 57) has shown that the velocity 
of formation of iodate from iodine. and iodide in a mixture of 

k'+l0 w sodium caroonate and sodium bicarbonate solutions has ------- =40. 
ICt 

When a similar reaction was effected in sodium acetate solution, 
the temperature coefficient is 2. 

The velocity of decomposition of iodate in a mixture of ace tic 
. . kt+10 . 

acid and sodium acetate solutJon has ---y;- = 1.34. The same reactIOn 

in a mixture of disodium and monosodium phosphates gives a 
temperature coefficient 1.26; iJl a mixtnre of KF and HF, the 
temperature coefficient has the value 0.9 to 1.04 and a mixture of 

\ 

sodinm sulphate and sodium hydrogen sulphate leads to tbe value 
of 0.85. 

SKRABAI, remarks that tbe tempel'atnre coefficien! must necessarily 
nndergo a change when the substances, which affect the time 
equation, are transformed into complexes. The relationship between 
tbe temperature coefficient T of the originaI reaction and '1", that 
of the reaction bet ween the complex substances is governed by the 
formula, 

'1" /T = e10;RT(T + 10) (rnQj +nQ2+ ..... +xqj +yq.+ ..... ) 
in which Q and q represent tbe heat changes of the complex 
reaction and the sum (m + n + .... + x + y + .... ) indicates the 
order of the reaction. Tbis formnla indicates that a great variability 
of '1' is to be expected from reactions of the highet' orders. 

In a foregoing paper (Annales de CilÎmie et de physique 1919, 
t. xr, 130) I have definitely pl'oved that this conclusion of SKRABAL, 

which states that the temperature coeffieients of polymolecular 
,'eactions are, in general, gl'eater than those of unimolecular ones, 
is not supported by experimental evidence. 

SKRABAL investigated these two polymolecular reactions: 

31. + 6 OH' = 5 l' + 1 0'. + 3 H,O and 
10'8 + 5 l' + 6 H = 31. + 3 H,O. 




