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ABSTRACT. Changes inthe frequency of the Raman Jines of salplnric acid with dilution
are measured. The low-frequenicy bands 415 and 570 are shifted away from the Ravleigh ling,
and {he g13-line shifts towards i, with inereasing dilation  The 1og0 st decreases m Raman
frequency with ditution, and, on further dilution, its frequency s increased, while the 68 line
temains unchanged  In solntion of acid sulpbate, the 13, 1040 and aby have less frequency
as comparcd with cquivalent solution of sulphurie acid. DBesides, all the hnes are difluse
and broad in intermediate concentrations.

The changes 1 the Jow-frequency bands are attributed to the changes in the relative
abundance of 11 SO, H80, and 8O, radicals in solution with change in concentration. The
hehaviour of 13 s altributed to (e relative abundance of I1.80, and T18O, radicals, cach
ol which contributes a component to this hand. The R4 and 1oqo-lines owe their hehavioar
to the combined effects of (1) fons surrcunding cach of SO, or 1180, jons and (2) hydiation,
The lower frequency in the acid sulphate solution as compared to the equivalent acid solution,
15 attributed {o the predominence ot hydration over the cioct of  surrounding jons, duce 1o the

smaller percentage of H 1ons in the former.

INTRODUCTION

In a previous communication,” the author 1eported investigations on the
progressive dissociation of sulphunie acid with dilution, from a study of the
ntensity changes in the Raman lines of this substance with change e concentra-
tion. Equally interesting arce the changes in the Raman frequendcies of this
substance wilh dilution.

A charactaistic feature of sulphuric acid 1s that all its Raman hnes are hroad
and diffuse.  This is the reason why the vadues for the trequencies of the ines
and their changes on dilution, given by varions authors differ to a large catent.
Also, the continuous spectrum wlich is superposed on the Raman lines adds to
the difficultics in locating the maxima and extents of the bands.  Nisi * reported
that the Raman lines suffer a general shift towaids higher frequency en dilution
and explained the result as due to the hydration of the molecules.  Specchia ®
observed a similar result. Ramakrishna Rao,* while agrecing that the Jow-

* Communicaled by the Indian Physical Society.
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frequency bands with maxima 585-450 and 543-608 shift away from the Rayleigh
line on dilution, expressed doubt as regards the increase in the frequencics of
the g13-800 and 1040-1037 lines since they are of the samne order of magnitude as
the experimental crror. Woodwatd and Horuer ® stated that all the bands, except
the g10-800, are shifted towards higher Raman frequency and their observations
arc in conformity with thosc of Bell and Jeppesen.®  On the other hand, Bell and
Fredricson,”  working with a grating. observed no shifts except in the casce of
543-605. But, nonce of the above authors explained these shifts.  The present
work is an attempt in this direction.

EXTERIMENTATL

T'o 1emove the inteuse continuous spectrum that is present in the Raman
spectia of solutions of sulphuric acid, the acid is treated with a few drops of
pure nitric acid aud licated to about 200°C {for about half an lour, following
the suggestion made by Medard.," With the acid treated like this, clear spectra
are obtained. In order to facilitate clear obscrvation of the shifts, the spectra
are taken using a Hartman diaphram. The e¢xperimental arrangen-ent is the
same as described in the previous communication.’  Sjuce the Raman lines are
hroad and diffuse, it is difficult tolocate their maxima by a micrometer. Thecfore,
microphotometric curves are taken for the speetra and the frequencies®of the
maxima measured by using the Hartman dispersion formula.  The values of
the frequencies of the Raman lines and their widths at various concentrations
arce given in the following table.

TABLE GIVING THE FREQUENCIES OF THE RAMAN

LINES IN SOLUTIONSOI SULPNIURIC ACID, AC1D-

SULPIIATE AND SULTHATE
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In the above table, the first column gives the coucentration in gram. moles
of the acid in 1000 c.c. of the solution.  Lach of the other columns, allotted for
cach of the lines, is subdivided into three, the first division giving the extent
of the hand, the second the Raman frequency  of the maximum and the third
the width of the bhand.

RESULTS AND TITETR LXPLANATION

For the sake of convenicnce, the Raman lines are letiered from A to It
A and B representing the low-frequency bands 385-150 and 543-008  C, D and
E correspond to 013-860, 081-980 and 1040-1030, respectively. The other hands,
viz., 1171 and 1365, are very diffuse and feeble and disappear very quickly on
dilution, and hence no attempt is made (o measure their changes in frequency
with dilution.

A —Raman frequency 385-450

'This hand is found in the spectra taken with all the substances containing
S0, radical, and hence is regardad as characteristic of it. It has a clear doublet
structure at the highest concentration with maxima at 385 and 10, Bell and
Jeppesen,® who have worked with 100% acid report that this structure is very
prominent with the purest acid. In the spectra taken with dilute solutions of
sulphuric acid and of acid sulphates there is only one ditfuse hand with its
maximuu at 415, and in sulphate solutions at 450. Therelore, it is concluded
by Ramakrishna Rao * and Woodward and Horner * that 385-410, 415 and 450
arc respectively characteristic of 112504, 1180 and SO, radical, respectiveiy.

With increasing dilution the hand is observed 1o he shifting away from the
Rayleigh linc and it is cxpiained by Ramakrishna Rao ' and Woodward and
Horner * as duc to the fact that with deercasing concentration, the H,50,
molecules dissociate to ITSO,' and H* jons which brings about a dininution of
intensity of the doublet on which is superposed the higher-frequency band  exceited
by HS(), ious.

B :—Ramuan f[requency 543608

Like A, this band is also taken as characteristic of SO, radicai for the san ¢
reason. In the pure acid, it bas a single maximum at 543. With dilution, it
behaves in a similar manner and just for the same reasons as in the case of A.

Bell and Jeppesen® objected 1o the above explanations  Working with a
large number of concentrations of the acid at intervals of 5%, they failed to
observe at any concentration, a separation, of the two components due to H80),
and HySO, radicals.  But, in view of the width and the closencss of the bands,
no such separation can be expected. There can be only a shift in the resultant,
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maximuwn and an increase in the width of the band as a result of the super-
position of the components due to 11,50, and HSO,. I'his is what is actually

ohscrved.
C~—Raman ficquency 913-860

I'his band is found to he very intense in the spectra taken with very
concentrated sojutions of the acid und as the coucentration of the acid 1s
dimimshed, its intensity diminishes more than in proportion to dilution.  ITence
it is attributed to the nudissociated 1To50 4 molecules., ,
But, in the spectra tuhen by the author, this band persists, though with much
less intensity, ceven in dilute solutions and  also in solutions of KITSO, it \\'itll\
a slight deercase i Raman frequency, a fuct which has not been ohscerved by‘
any of the previous authors, ,

The band exhibits conspicuous chianges in the frequency. s width s
51 wave numbers in the highest concentration, and its maximum is at 913 But,
as 1he dilution is increased, the maxinnun shifts towards lower-frequency  and
the higher-frequency portion of the band gets feebler. - With increasing dilution,
it becomes narrow with a width of 21 cm. which isthe same as in KHSO ; solution.

T'he belioviour of this band can he easily undastood, if it is taken as
composcd of two components, o strong one with higher-frequency contributed by
the 11,804 molccules and feeble one contributed by HS0O 4 ion. As the concentra-
tion of the acid decreases, the high-frequency component decreases in intensity,
but, since the 11,80, component is very strong compared to the 1150, componcent,
the intensity of the band as a whole becomes feeble and wives the impression
that the band is excited entirely by the H,80, molecules.  In the intermediate
dilutions, where Dboth types of molecules are present, the band is naturaily very
broad and in the very low concentrations where the .50, component is absent,

the band is narrow and is shifted towards lower {requency.

I):—Raman frequency 1040

This Dhaud is taken to be characteristic of HSQ, ion. It is very broad in
solutions of moderate coucentration of the acid, while in very concentrated
solution it is less wide and in dilute solutions it is fairly sharp. Also, the
maximum of the band shiftg slightly but definitely towards lower frequency
from Iugh concentrations to moderatce concentrations and shifts again from
moderate concentration to dilute solutions.  And in solution of acid sulphate it
is of slightly iower {frequency than in sulphuric acid of the same molecular
concentration.

' The larger ditlusceness of this line in intermediate concentrations of the acid
is in conformily with similar behaviour revealed in the course of investigations
m this laboratory in general, by Raman frcquencies of clectrolytes, m  the
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intermediate concentrations, at which the band is usually most diffuse, and this
is apparently duc to the large ionic concentiation of oppositely charged ions in the
neighbourhood of each ion giving 1ise to the Raman frequency under  considera-
tion. In crystals, the line is the sharpest and of the highest frequency, when thete
is no water of hydration. In crystals, the disposition of the cation with respect
to the axis of symmetry of the anion is the same for all the anions  So, from
solution to crystal therc is only an increase in [requency without increase in
diffuseness. But in intermediate concentrations of the acid solutions, where the
number of cations surrounding each anion is the greatest, the relative disposition
of the ionic ficid and the axis of symmetry of the anion is probably different for
different ions, and hence, the Raman {requency may change slightly from ion
to ion and this probably is the cause for diffuseness of the line in the intermediate
concentrations.

As regards the change of Raman frequency, there are in general two causcs
giving rise to it (1) the surrounding ious and (2) water of hydiation.  The former
have a tendency to increase the Raman frequency, while the latter diminishes it.
In solutions of sulphuric acid, both these factors influence the Ramun fiequency,
and the actual frequency at any concentration is duce to the resultant of these
two effects, It is difficult, however, to dctermine in the case of the changes
exhibited by HSO, ions what part of the change is due to ionic inflluence and
what part duc to hydration, on account of the complications arising out of the
superposition of the two cffeets.

The Jower frequency of the band in acid-sulphate solutions, as compared
with that of the acid of the same molecular concentration, sceins to be due to the
fact that there arc less number of 110 jons in the former.  The hydrogen ions, in
virtue of their lightness and smallness in size, can approach the negative jons
much closer and hence can exert more influence than the heavy potassium ion
can. Hence, in solutions of acid-sulphates, the effect of hydration is more
predominent which, therefore, brings about a shift in the line towards lower
frequency.

E:—Raman frequency 984

This line which is characteristic of SO,” ion, is very strong in solutions of
sulphates and in dilute solutions of hisulphates. In solutions of sulphuric acid,
it appears very {eeble even in very dilute solutions. In high concentrations,
the line appears very feeble and on it is superposed a part of the 1040-band.  So,
it is very difficult, citlier to locate the maximum in a microphotometric record
or observe it by a micrometer. ‘Thercfore, nothing can he said regarding its
changes in the frequency on diluting the acid. On comparing the line m the
acid and acid-sulphate of the same molecular proportion, it is found that it is of
slightly less frequency in acid-sulphates.
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In solutions of the acid, probably the effect of iomic influence is just
neutralised by that of hydration, so that there is no change in the frequency of
this line, ‘The lower frequency in solutions of acid-sulphates when compared
with that of the acid is similar to that sulfered by the HSO, ion probably due to
the same reasons,

It is generally contended * that the greater is the chance for hydration of
an ion in solution, (1) the larger the jonic charge, (2) the smaller the size in the
case of cations (3) the larger the size in the case of anions. Also, oxygen
15 a better donor of clectrons than hydrogen is an acceptor.  Thercefore, the anions
i general are less hydrated than the cations. ‘

But, in the present case, the TSSO don is sufficicnty large and contains
many donor oxygeus and hence is capable of being hydrated.  The SO, ion-
contains 4 donor oxygens and doubly charged and lience is more casily hydiated
than the HSO,” ion. ’This is probably the reason why the shift of the E line
from the acid to acid-sulphate is laiger than the shift of the D line. The above
view is supported by the fact that the crystals of sulphates are invariabiy hydrated
with an odd number of H,0 molecules, ¢.g., LiSO,, 111,0, Na,S0,, 7H.,0, CuS0,,
s5I1,0), cte., shows that to the SO, ion is attached one molecule of water and it is
supposed ° to form a stable hexagonal ring of the constitution given below

e /Y
0~ T>0—H

Finally, the author takes great pleasurc in recording his grateful thanks t.
Dr. I. Ramakrishna Rao, under whose dircction the present work is done,
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