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ABSTRACT

Scattering measurements on individual tracks and relative scattering
-measurements -on pairs of tracks have been made in two stacks exposed
to 6-2 and 5-7 BeV protons respectively from the Berkeley Bevatron.
Spurious scattering was determined in these two stacks for cell lengths
ranging from 1 mm. to 8 mm. In one stack the magnitude of spurious
scattering was very low while in the other it was fairly high. Our results
indicate that:

(@) Spurious scattering varies with cell length ¢, as %, where x is about
0-8 for t =1mm. to 3mm. and about 0-5 for # =3 mm. to 8 mm.

(b) The spurious scattering is lowest near the glass surface of the
emulsion and increases towards the air surface.

(c) The small-scale dislocations which give rise to spurious scattering
extend in the plane of the emulsion at least over distances of 200 u, but
vary rapidly in size and direction with depth. Therefore, reliable relative
scattering measurements require that the separation between the tracks
in the depth of emulsion should be as small as possible (<50 1) whereas
the separation in the plane of the emulsion may be as large as 200 p.

The scattering constant for cell lengths of 1 mm. to 8 mm. has been
determined. Our values are about 109, higher than the theoretical values,
on the assumption that the proton energy in the Bevatron was known
accurately at the time the plates were exposed.

I. INTRODUCTION

'IN an earlier investigation by Biswas, Peters and Rama (1955), hereinafter

referred to as I, it was shown that the measurements of multiple scattering

‘on tracks of high energy particles in nuclear emulsions are strongly influenced
by the existence of small-scale dislocations which give rise to Spurious
‘Scattering”. These results were confirmed in subsequent investigations by
: Fay (1955), Lohrmann and Teucher (1956) Brisbout et al. (1956), Apostalakis

o * Now in Ca]cutta
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TrAT the double bond in coumarins is reactive has been established from the
easy addition of typical reagents. Clayton® was the first to prepare coumarin
compounds containing mercury. He found that coumarin and alkyl substi-
tuted coumarins combine with an equimolecular proportion of merctiric

chloride readily in the cold to form addition products and he was of the
opinion that the mercuric salt was held

by means of residual afinity. Biilmann?

coumarin and mercuric acetate in methyl alcoholic solution and was led
to think that it did not contain an ordinary ethylenic link, since derivatives
of coumarinic and coumaric acids reacted readily in the cold, the double
bond being the point of attack by the reagent. Sen and Chakravarti?®
remarked that mercuric chloride and mercuric acetate failed to mercurate
coumarin in aqueous, alcoholic or acetic acid solution. Therefore, they
opened up the pyrone ring by dissolving the coumarins in aqueous alkali
and subsequently effected mercuration of the coumarinic acids and their
salts either by treatment with mercuric acetate in cold aqueous solution or
by boiling with yellow mercuric oxide (see Naik and Patel 5). With a group
of coumarins as represented by 6-nit
noticed that inversion to the coumaric
was effected. With another group as typ
they found that mercuration of the
inversion was produced. That couma
coumaric and mercurated coumaric g
Recently after our work described

by the oxygen of the pyrone ring
could observe no reaction between

ro and 6: 8-dibromocoumarin they
acid took place and no mercuration
ified by 7 -hydroxy-4-methylcoumarin
benzene ring took place whereas no
1in itself under these conditions gives
cids has been recently shown by us.it
in this paper had made considerable

* Part I appeared in J.C. S., 1928, 166.
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progress, a paper by K. Matejkaé on the mercuration of cinnamic acid, saf-
role and coumarin appeared. This author observed mercuration of coumarin
in hot alcoholic solution using mercuric acetate and claimed to have isolated
two compounds of the following probable formulee. But these rather un-
usual constitutions are hased only on the analysis for carbon, hydrogen
and mercury of specimens which were probably not pure and not on an
adequate study of their properties or the preparation of known derivatives.

|

HgOH HgOH  (H.SO.)
I : 1I

OCH; II-IgOCOCH3 OCHj; HgOH
| I
—CH - CH-CO,H OHHg— \-—CH - CH-CO,H

i

/——OH, H,0

Contrary to previous statements it is now found that coumarin reacts
slowly in the cold with mercuric acetate in methyl alcoholic solution yield-
ing a trimercury compound. The reaction is less slow when the solution
is boiled. Irrespective of the molecular proportions 1, 2 or 3 of mercuric
acetate employed the same product, 3: 6 : 8-triacetoxymercuri-4-methoxy-
melilotic anhydride is obtained. Though with the larger proportions the
yvield improves, purity suffers due to admixture with an impurity containing
a higher percentage of mercury and a lower percentage of carbon, which is
probably mercurous acetate. The substance cannot be crystallised from
any of the ordinary organic solvents since it is sparingly soluble. It is
insoluble in sodium carbonate, but dissolves in aqueous ammonia and
sodium hydroxide easily in the cold and on passing hydrogen sulphide into
these solutions all acetoxymercury groups are replaced by hydrogen atoms,
the resulting product being B-methoxymelilotic acid (Biilmann, loc. cit.).
The mercury compound reacts rapidly with bromine in the cold in the pre-
sence of glacial acetic acid producing mercuric bromide and 3: 6 : 8-tri-
bromocoumarin which is identified by comparison with an authentic speci-
men (Simonis and Wenzel, 1906) and by conversion into 4: 6-
dibromocoumarilic acid. From these the constitution of the mercury
compound is clearly established as III and hence it has to be concluded
that mercuric acetate reacts with the double bond in coumarin and also
mercurates the benzene ring in 6 and 8 positions.

T-Methylcoumarin behaves similar to coumarin though the reaction
with mercuric acetate is slower still. By the action of aqueous alkali and
A2 F
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hydrogen sulphide on the trimercury compound 4-methyl-B-methoxy-
melilotic acid could not be isolated probably due to its instability, 4-methyl-
coumaric acid being obtained Instead. The formation of a coumaric acid
under these conditions seems to take place only when the double bond
originally has been attacked by the mercuric salt, On treatment with

bromine it gives a tribromo-7-methylcoumarin which from analogy is con-
sidered to be 3:6: 8—tribromo-7—methylcoumarin.

6-Nitrocoumarin forms a dimercury compound which is 6-nitro-3 : 8-
diacetoxymercuri-4-methoxymelilotic anhydride. With aqueous alkali and
hydrogen sulphide it gives 5-nitrocoumaric acid and with bromine 3 : 8-
dibromo-6-nitrocoumarin which is found to be identical with that of Dey
and Row.* Hence with 6-nitrocoumarin besides addition at the double
bond mercuration in the § position takes place.

Though it is now established that mercuric acetate is capable of re-
acting with the double bond in coumarin it has to be accepted that the

se of coumaric and cinnamic acids and

coumarins seem to hold good.

The reaction of mercuric chloride on the
above and the products obtained therefrom h
studied. Coumarin and T-methylcoumar
presence of any of the ordinary
one molecule of the chloride ; &
pound from coumarin is more

three coumarins mentioned
ave now been more closely
in react readily in the cold in the
organic solvents and combine with only
-nitrocoumarin does not react. The com-
stable being unaffected by boiling water
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whereas the product from T7-methylcoumarin is far less stable. By the
action of aqueots sodium hydroxide and hydrogen sulphide they give the
corresponding coumaric acids. In view of these properties, and the work of
Adams et al,* Middleton,? Vorlander,® and Wright on similar compounds
and the present work on the action of mercuric acetate on coumarins they
have to be counsidered as addition products of mercuric chloride on the
double bond (IV). Experiments intended to settle the constitution more
precisely were not successful.

() );
\/\CéCH—}Igc1

Cl 3-chloromercuri-4-chloromelilotic anhydride.

1V
Experimental.

Action of Mercuric Acetate.—

i) On coumarin.—Preparation of 3: 6: 8-triacetoxymercuri-4-
methoxymelilotic anhydride,

Mercuric acetate (4 g.) was dissolved in pure methyl alcohol (80 c.c.)
containing a little acetic acid and mixed with coumarin (2 g.) in the same
solvent (6 c.c.). The mixture which was quite clear in the cold was boiled
on a water-bath under reflux. After about four hours it became milky and
when allowed to stand overnight deposited about 0-5 g. of a colourless
solid which on analysis gave too high a value for mercury and too low a
value for carbon. It was probably contaminated with some mercurous
acetate (compare Henry and Sharp)s. After filtering off this product, heat-
ing was continued for further 8 hours when another fraction separated out
even from the hot solution. It was filtered, washed repeatedly in the cold
with a very dilute solution of acetic acid and subsequently with hot methyl
alcohol and dried first in air and finally in a vacuum desiccator. It was a
crystalline looking powder, though under the microscope it exhibited no
definite shape. (Found : Hg, 63-2; C, 204 ; C;H;,0,Hg; required Hg, 63-1 ;
C, 20-19%.) The yield of the pure product was about 2.5 g. It turns brown
at about 250° and decomposes at 270° and is very sparingly soluble in all
the ordinary organic solvents. Though it is unaffected by aqueous sodium
carbonate, it dissolves readilv in ammonia and sodium hydroxide solutions.

When twice and three times the quantity of mercuric acetate solution
was employed, the same product was obtained in greater yield, but its
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formation was slower owing to the concentration of coumarin being lower
and further it was less pure. Tf, however, the solution was made more
concentrated by employing just enough alcohol to keep the reactants in
solution at the beginning when hot, the condensation was faster and the
yield better.® But the product was not found to be pure even though it
was repeatedly washed with alcohol and dilute acetic acid.

The reaction was found to take place even when the solution of mer-
curic acetate and coumarin in alcohol was allowed 1o stand at the ordinary
temperature of the laboratory (30°). After 2 days, the solution became
turbid and in about a fortnight a white crystalline powder (0-5g.) was

obtained. It was found to be identical with the product obtained from
heating.

The mercury compound was dissolved in a normal solution of sodium
hydroxide, cooled to 0° C. with ice and saturated with hydrogen sulphide.
The whole was allowed to stand in the cold chamber overnight, the preci-
pitated mercuric sulphide filtered off and the filtrate acidified with a normal
solution of sulphuric acid, the temperature being kept at about 0°. Hydro-
gen sulphide was removed by passing a current of air through the solution.
p-methoxymelilotic acid was precipitated as a white crystalline solid. It
was filtered, washed with a small quantity of water and finally crystallised
from hot water. It appeared as rhombohedral plates, melted at 122-23°,
changed to coumaric acid slowly in the presence of dilute acid or alkali,
and was found to be identical with the preduct obtained by Biilmann’s

method (loc. cit.). The pure dry sample is quite stable and remains un-
changed over long periods.

The mercury compound was suspended in glacial acetic acid and a
solution of bromine in the same solvent slowly added with vigorous shaking,
Bromine was rapidly used up and the addition was stopped when the bro-
mine colour persisted. The mixture was then poured into a large volume
of water and the precipitated solid which consisted of a mixture of the
bromocompound and mercuric bromide was washed repeatedly with aqueous
potassium bromide with a view to remove as much of the mercuric bromide
as possible. It was then repeatedly crystallised from boiling glacial aceti¢
acid and was obtained as colourless flat needles, melting at 195°. It was
found to be identical with 3: 6 - 8-tribromocoumarin prepared by direct

bromination of coumarin according to the method of Simonis and Wenzel,
as shown by mixed melting point, crystalline form, sparing solubility in

alcohol and formation with alcoholic potash of 4 : 6-dibromocoumarilic
acid. 12
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(i) On T-methyl cowmarin.—Preparation of 3 : 6 : 8-triacetoxymercuri-
4-methoxy-T-methyl-melilotic anhydride.

The reaction was carried out under the same conditions as with coumarin.
It was much slower since it took 12 hours heating to get the first crop (05 g.)
and a further 40 hours to get 2-5 g. more. It was purified by first washing
with cold dilute acetic acid and subsequently with hot methyl alcohol.
After drying in a vacuum desiccator it was found to decompose at 265°
without melting. (Found: Hg, 61-7; C,,H;;0,Hg, required Hg, 62-:29%,.)
This compound resembled the coumarin derivative closely in all its pro-
perties. When hydrogen sulphide was passed into a cold solution of the
substance in sodium hydroxide as usual, the corresponding B-methoxy-
melilotic acid could not be obtained. On filtering off the mercuric sulphide
and acidifying the filtrate, pure 4-methylcoumaric acid was obtained melt-
ing at 195° (decomp.). By treatment with bromine in glacial acetic acid
a tribromocompound was isolated. It was sparingly soluble in alcolol,
but dissolved easily in glacial acetic acid and crystallised in long narrow
rectangular plates, melting at 207-8°.  (Found: Br, 60:8; C,,H;0.Br;
required Br, 60-49%.) By analogy with the coumarin compound this is
given the constitution 3:6: 8-tribromo-T-methylcoumarin. Since a com-
pound of this formula does not seem to have been recorded in the literature,
its preparation by other methods is under investigation.

(i) On 6-nitrocouwmarin.—Preparation of 3 : 8-diacetoxymercuri-4-
methoxy-6-nitromelilotic anhydride.

Nitrocoumarin (2 g.) was dissolved in methyl alcohol (100 c.c.) and
mixed with mercuric acetate (7-5 g.) in the same solvent (150 c.c.) contain-
ing a little acetic acid. After the removal of a small precipitate after heat-
ing for 4 hours, the clear solution gave 2-5 g. of a yellow crystalline product
after boiling for 24 hours and some more was obtained on longer heating.
It was purified as usual and dried in a vacuum desiccator. It was definitely
yellow, remained unaffected below 300°, was very sparingly soluble in
organic solvents and dissolved easily in sodium carbonate, ammonia and
sodium hydroxide. (Found: Hg, 54-1; CyyH30,Hg, required Hg, 54-19.)

6-Nitro-3 : 8-diacetoxymercuri-4-methoxy-melilotic anhydride was (lig-
solved in fairly strong sodium hydroxide (109, solution), allowed to stand
for an hour and then hydrogen sulphide passed. After completely preci-
pitating mercury it was filtered and the filtrate acidified. 5-nitrocoumaric
acid was thereby obtained in good yield. If, on the other hand, dilate alkali
is used and hydrogen sulphide passed immediately after solution, the result-
ing acid is contaminated with some amount of 6-nitrocoumarin.
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Bv the action of bromine in glacial acetic acid, the mercury compound
vielded a bromoderivative which crystallised from acetic acid in colourless
prisms melting at 213-15°. It was identified as 6-nitro-3 : 8-dibromocoumarin
by comparison with the compound prepared by the method of Dey and
Row.t

Action of Mercuric Chloride.—

{ij On coumarin.—Preparation of 3-chloromercuri-4-chloromelilotic
anhvdride.

The method of Clayton (1908), using ether as a solvent, is inconvenient
owing to the small solubility of mercuric chloride in it. Acetone and methyl
alcohol are better. The easiest procedure is to dissolve coumarin and
mercuric chloride separately in the minimum of acetone, mix the two solu-
tions and add water to the uniform mixture. The product separates out
as a mass of colourless needles, melting at 165° and identical with the com-
pound obtained from ether. It is filtered and washed with water. It is
easily recrystallised from boiling water. (Found : Hg, 47-9 ; C,H,0.Cl,Hg
required Hg, 48-09,.) Though the compound is stable in boiling water,
it is easily decomposed by boiling 2 per cent. aqueous hydrochloric acid
as shown below :

3-Chloromercuri-4-chloromelilotic anhydride (1 g.) is boiled with 2
per cent. hydrochloric acid (20 c.c.) when it quickly goes into solution.
The heating is continued for ten minutes longer and the solution allowed

to cool. Coumarin, that is first formed as a liquid, gradually turns into a
crystalline solid melting at 70°.

When small quantities of the compound are treated with dilute aqueous:
alkali, coumaric acid could be easily obtained as shown below: About
0-2 g. of the compound is suspended in water, and dilute caustic soda added.
There is a rapid precipitation of vellow mercuric oxide. After about 10
minutes, the solution is filtered and acidified. The crystalline solid that
sep.amtes out is purified by dissolving in sodium carbonate and reprecipi-
tating. It melts at 208-10° and is found to be pure coumaric acid. But
when larger quantities are employed the resulting acid is impure melting at
ajb@ut. 185%, and is found to contain mercury. In such cases, the alkali soluQ
‘?:cm 1s treated with hydrogen sulphide, the precipitated mercury sulphide is
ﬁitere’c-l off and the filtrate acidified, when pure coumaric acid is obtained.
7‘m£§}.} ggﬂoé ;Zzetaigﬁifvdzgg:z n.—Preparation of 3-chloromercuri-4-chloro-

The addition compound in this case

is unstable in the presence of wate
WP " : ; ’
even in the cold and heating .

produces considerable decomposition. It
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is, therefore, necessary to avoid water in its preparation. Besides ether
(Clayton, loc. cit.) acetone can be used. Instead of adding water the
acetone mixture is simply allowed to concentrate. The product is obtained
as sheaves of colourless flat needles, melting at 173-74° and identical with
the compound described by Clayton., It decomposes completely in about
a minute in boiling 19, hydrochloric acid giving rise to 7-methylcoumarin.
4-methylcoumaric acid can be easily obtained by the action of sodium
hydroxide and hydrogen sulphide.

6-nitrocoumarin does not react with mercuric chloride in acetone
solution either in the cold or on heating. FEther is not a suitable solvent
owing to the insolubility of nitrocoumarin in this solvent.

Summary.

In methyl alcoholic solution coumarin reacts with mercuric acetate to
form 8+ 6: 8-triacetoxymercuri-4-methoxymelilotic anhydride. By the
action of sodium hydroxide and hydrogen sulphide B-methoxymelilotic
acid is obtained from it and by the action of bromine 3 : 6 : 8-tribromo-
coumarin. 7-methylcoumarin behaves similarly giving a trimercury com-
pound. 6:-nitrocoumarin forms 3 : 8-diacetoxymercuri-6-nitro-4-methoxy-
melilotic anhydride which, with alkali and hydrogen sulphide, gives 5-nitro-
coumaric acid and with bromine 3 :8-dibromo-6-nitrocoumarin. It is
therefore established that mercuric acetate reacts with the double bond in
these coumarins and further mercurates the benzene ring in positions 6
and 8 if they should be free. Mercuric chloride adds on to the double bond
in coumarin and T-methylcoumarin. The reactions of these addition pro-
ducts have been studied. 6-nitrocoumarin does not react with this reagent.
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WE write 8 /) for the least value of # such that

m B n )
s=1 t==1

13 possible in positive integers x, (s<m), y (t < n) with m < n.  When
T ) =y, e, 90 = 1 we shall express the possibility of (1)
by the notation

(2 (m)t = (n)#,
In @ series of recent papers Rao! has shown that

'3) Blhigh —1
for 4 < o < 8 he has also obtaxnhd namerous relations of the type
{;',' (e)‘ = (5)7, 9)9 = (19) , ptc

All these results were obtained by the method of direct calculation. Imn this
Paper we use Tarry’s process (see Wright 1, 2) which involves only the
simplest calenlations, to obtain Some zew results of the same type, namely,
Theorom 1,

6)° = (g8
e, B(M < 8
Thus (3 is frue fork = 9.
Theorem 4,
(T = (7)o

it is likely that 8 (k) < k— 1 for all
wly deduce thap Bk =0 {k log k).
Notation, et
{5
signify that

k, dut from Vinogradow's method we can

4y, oo a, b b, e, b,

i g n
i“h} z " = 7 5
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Thus it is obvious that

Lemma 1. (B) tmplies that

n 1

I (rday= X @40y [I<s<Hi

r=1 r=1
Lemma 2 (Tarry). If

ays "‘:an»«bl: : »bn
then
Ay, * vy Oy, bl +x, Y b/l + xl“’,—j:;l—bll Tt bu; dl + X, -, a}z +.’U.

Lemma 3 (Tarry).

1,5, 10, 24, 28, 42, 47, 51 7 2, 3, 12 21, 31, 40, 49, 50.
L.emmas 1 and 2 are immediately obvious on comparing coefficients of
powers of x. Forlemmas 1 to 3 see also Dickson 1, Wright 1, 2 and
I. Chowla 1, 2.

Proofs of Theorems 1 and 2. .
Applying lemma 2 to lemma 3 with 2 = 7 and x = 19, we get
(7) 1, 5, 10, 22, 28, 42, 51, 59, 68, 69
8 2, 3,12, 20, 29, 43, 49, 61, 66, 70.

Applying lemma 2 to (7) with 2 = 8 and x = 17, we get

(8) 1,5,10,19, 28, 37, 42,46, 51, 60, 69, 78, 83, 87
9 2,3,12,18, 27, 39, 43, 45, 49, 61, 70, 76, 85, 86,

Applying lemma 2 to (8) with 2= 9 and x=19, we get

(9) 1,5, 11, 21, 36, 42, 48, 52, 54, 58, 79, 83, 94, 95
10 2, 3, 14, 18, 39, 43, 45, 49, 55, 61, 76, 86, 92, 96.
Applying lemma 1 to (9) with ¥ = — 47, we get
(10) — 465 — 425 — 265 4 15 - 75 - 325 4 475 - 48s
= — 44 — 33 — &4 14+ 39 4% | [s=1,3,5,7, 9]
or
(11) 15 4 45 4 75 4 325 - 335 L 4ds + 475 4 48
= 145 + 265 & 39 4 425 4+ 465 4 40 [s =1, 3,5, 7, 9]
The special case s = 9 of (11) implies
(12)  (6)° = (8)°
i.e.,
(1% BE <8




172 - Inder Chowla

Applying lemma 1 to (9) with x = — %{, we get
(14) 7 411 4 195 + 615 + 695 + 91¢ - 93¢
= 15 + 13 + 25° + 55° - T5° + 87¢ L 955, [s=1,3 5, 7,9]
The case s = 9 of (14) implies
(15)  (0)* = (7)*
Thus theorems 1 and 2 are completely proved.
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1. Lrt f(m) denote the number of representations of m as a sum of %
non-negative kth powers. On the assumption that f(m) = O(me€) for every
positive ¢, Hardy and Littlewood proved that G(2) < 4k. Mahler has recently
made the surprising observation (based on a simple algebraic identity) that
this assumption is false for £ = 3. It is therefore of interest to know whether
the results of Hardy and Littlewood based on “Hypothesis K’ can be proved
under a less drastic assumption. Dr. Walfisz remarked to me in a recent
letter that we can obtain these results on the less stringent hypothesis that

u> 2 frim) = Ola+e)

for every positive e. It is the sole purpose of this note to embody a slight
generalisation of this remark in the form of the

Theorem. If there exists a number n = n(k) such that
2) 2 frm) (5 — myr = Owrerve)
1
for every positive e, then
(3) Gk) <= Max [2%k + 1, I" (B)]
Proof—A reference to P. N. VI shows that
(3) is true if

(4 3 prlmyzm = 0 {1 — #)-¢)

for every ¢e>O (0<x<1). But (4) is certainly true if (2) is true., Hence
our result.
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1. Introduction.

A CONSIDERABLE volume of experimental data has been obtained in recent
years from the study of the Raman spectra regarding the progressive disso-
ciation of strong electrolytes in concentrated aqueous solutions. It has been
found that changes from the covalent to the electrovalent form take place
in them in a manner not contemplated by the Debye-Hiickel theory .of
complete ionisation, the point of transition depending on the strength of the
acid and the state in which it exists. Thus the halogen hydrides give rise to
Raman lines when thev are in the state of solid, liquid or vapour or in solution
in non-polar solvents! indicating that they are covalent in such cases : but
even in concentrated solutions in water or other polar solvents they change
to the electrovalent form and consequently do not vield any line. On the
other hand, the monobasic acids like nitric® or iodic® acids yield a large
number of Raman lines the relative intensities of which change according to
the degree of concentration of the acid in water and are interpreted on the
assumption that in the more concentrated solutions the percentage of undis-
sociated molecules is great and goes on diminishing with dilution. ‘The
polybasic acids, namely, sulphuric,* selenic,’ selenious® and phosphoric acids, ?
likewise reveal that the dissociation is not only progressive but stepwise in
character and is a function of concentration.

Though the changes in the relative shifts and intensities of the Raman
lines at various dilutions of these acids have been qualitatively interpreted
as due to progressive ionisation, no attempt has hitherto been made to assign

1 West, Wm., and Arthur, P., Jour. Chem. Phys., 1932, 2, 215.
2 Rao, I. R, Proc. Roy. Soc., A, 1930, 127, 279. :
3 Venkateswaran, C. S., Proc. Ind. Acad, Sci., A, 1935, 2, 119,
4 Nisi, H,, J. J. Phys., 1929, 5, 119.
5 Venkateswaran, C. S., Proc. Ind. Acad. Sei., A, 1936, 3, 307.
¢ Venkateswaran, C, S., Ibid., 1936, 3, 533.
7 Venkateswaran, C. S, Ibid., 1936, 3, 25.
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the lines to any particular mode of oscillation of the molecular species con-
cerned. For this purpose it appears necessary to have a knowledge of the
state of polarisation of the lines themselves. A proper identification of
frequencies corresponding to similar modes of oscillation in the different
units arising from the ionisation of the molecules could also be expected to
give us a better knowledge of the mechanism of the changes that take place
in the molecule undergoing dissociation. The present paper concerns itself
with the state of polarisation of the Raman lines of nitric, iodic, sulphuric,
selenic and selenious acids and its significance in relation to the molecular
structure of these acids.

2. Expervmental Arrvangements and Results.

The acids used in the investigation were all taken from freshly opened
bottles of the purest stock of Kahlbaum chemicals and were fairly free from
dust. The iodic and the selenious acids were crystallised out of carefully
filtered aqueous solutions and redissolved in double-distilled water. A few
drops of nitric acid were added to concentrated sulphuric acid in order to
render the latter free from fluorescence® A Hewittic quartz mercury burner
served as the source of illumination and was focussed by means of a large
glass condenser on the Raman tube which was held horizontally along the
- axis of the spectrograph. The horizontal and the vertical components of
the scattered radiation were separated by interposing a suitably oriented
large quartz double-image prism hetween the slit of the spectrograph and the
observation end of the tube. The two components were focussed one above
the other on the slit and recorded simultaneously and for the same time
on the photographic plate. Specially backed Ilford golden isozenith plates
were used and the developing solution and the time of development were
kept identical throughout. The ratio of intensities of the horizontal and the
vertical components of each of the Raman lines was determined with the
help of a Moll microphotometer. Since a high degree of accuracy in the
depolarisation measurements is not attempted the intensities of lines excited
by 4358 radiations of the source in the various plates were read off from the
same density log intensity curve of the microphotometer for the 4600 region
of the spectrum. In view of the fact that only the ratio of the intensities
of the two components appearing at constant wave-length is desired, the
error introduced by the variable sensitiveness of the photographic plate is
not considerable. As has been pointed out by previous investigators,? the
state of polarisation determined in this manner would involve errors due to

8 Médard, I,., Compt. Rend., 1934, 199, 1615.
9 Bhagavantam, S., Ind. Jour. Phys., 1930, 5, 59.
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lack of strict transversality between the directions of incidence and observa-
tion and also due to oblique refraction at the surface of the prisms. “These
errors were determined as follows —The polarisation characters of the
principal Raman lines of CCl, were ascertained under identical circum-
stances and assuming the known values of polarisation of these lines the
required error was evaluated. The results given in the present paper give

the upper limit of the depolarisation ratios of the lines and are probably
correct to + 59,. '

The results are given in Tables I—V. The frequency v in cm.~! of the
line is given in the first column, the intensity I of the line in the second and
the corrected depolarisation ratio p in the third. In the case of extremely
weak lines, the state of depolarisation is indicated by D and P where D

TaBLE I (a).
Nitric Acid 709,
No. 1 2 3 4 5
vincm. 1 . 638 697 924 1050 1126
1 .. .. 4 6 6 br 10 1
0-71 0-62 0-17 0-17 0-70
p {Previous) . 0-30 0-20 0-20 0-10
No. 6 7 8 9 10
vin cm,~1 . 1297 1389 1537 1611 1699(?) 1
3466 )
I .. .. 8 br 2 br 1 2 3
p e .. 0-30 063 =08 0.5 0-3
p (Previous) 0:10 .
TasLE I (5).
Nitric Acid 25 %.-

No. 1 2 3 4 5 6
Vincm:-! ., 726 924 1048 1297 1389 Water band
I .. .. 3 0 10 2 3 br Strong
p - - =20-82 P 0:16 P ==0.85 055

——



