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ELECTROLYTIC DISSOCIATION IN SULPHURIC ACID
AS STUDIED BY RAMAN EFFECT *
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ABSTRACT. The Raman spectrum of sulphuric acid and its salte at different concen-
trations s studied, and the changes, with dilntion, m the intensity of the tines observed in {he
spectra are made use of to study the cleeteolytic dissociation of the acid.  An observation
made by TR, Rao and C. 8. Rao, that the alkali salts are complutely dissociated even in
eoncentrated solutions, is made use of to calenJate e absolutc degree vf dissociation of 1he
acid On calenlating the mumber of dissociated and andissociated  moleenles in solitions of
the acid and KTISQy, it is observed that (1) the sale of dissociation of the acid is less in
dilate solutions thaw in moderately coneentrated solntions, (2) in cquimoleenlar solutions of
sulphuric acid and acid sulphate the dissociation of ITSOq molceules is Targer iu acid snlphate
than in the acid. The above iesalts are explained as due to the fact that in the solutions of
the acid there is a Iarger abundance of 1T jons, than m the acid salt which therefore favom
the {formation of more T1SOy ions, in the acid,

INTRODUCTION

The Raman spectra of sulphuric acid las been studied by a large numher
of workers including Nisi,' Woodward and  Horner,®  Ramakrishoa Rao,*
Bell and Jeppson,” Angus and Leckic” and  Koteswaram.*  The changes
ohserved 1n the Raman spectrum of the acid on dilution are taken to be due {o
suceessive dissociation of the acid into HSO and SO," fons, on lines sintilar to the
explanation given by Ramukrishina Rao™ in the case of nitric acid.  But, nobody
made a quantitative estimation of the degrec of dissociation of (his acid, as the
spectrum was superposed by an mtense continuwun which masked the Raman
lines toa large extent and made the determination of the intensities of the hnes
(uite uncertain, The present work is undertaken with the purpose of making
a quantitative study of the dissociation of the acid and its salts in aqueous
solutions.

Woodward and Horner ? observed that the continuous spectrum of the acid
increases on diluting it to a certain extent and on further dilution it diminishes
in intensity., They explained that this increase is duce to the formation of

-

*  Communicaled by the Tndian Physical Society.
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complex molecnles which  excite a continuons  Raman  spectrum.  Medard *
observed that the continnons spectrum eould be diimshed to a large cxtent by
heating the acid with o few crystals of KMnO, Koteswaram * ohserved that
this conld be achicved by cruploying any oxidising agent, K,Cr.(); or nitric
acid, or by mere heating to about 200°C.  The acid employed in the present
work was trcated with ahout 10 c.c. of pure nitric acid for about 200 c.c. of the
pure acid and heated to about 200'C for  abont hall an lour. With this
sample, the author found absolutely no evidence for the inercase in the continuons
spectium in the intermediate dilutions, reported by Woodward and Horner.*

ENPERIMENTAL

Solutions of the acid at various  concentrations, and of KNHSO, and
(NT1,).50), arce prepared, using the same sample of conductivity water [or all
the solutions, KIS0, s purified by repeated erystallisation, and (N11,,90, s
prepared by taking the pure sample of sulphuric acid and  pussing NI, eas into
it The gas is made to pass through a tube packed with cotton i order to
climinate  dust.  Solutions of  KIISO |, (NTT).80, and H.80, of the same
molal concemtrations are taken.

The wrangement for photographing the Raman spectia is essentially the
same as that used by Ramakrishina Rao,” with some modification. Tt consists.of
a brass jacket which is rectungular in shape and has two evlindas of Iength
jenm. and dmmeter just larger than that of the Wood's tube.  'The Wood’s
tube is passed through the cylinders and wade water-tight by 1ubber  washers.
The box is open at the top, and the cooling water entering it hy a narrow tube
at the bottom passes over the Wood's tube and flows out by a wide outlet
tube soldered at a corner througheut the height of the jacket. ‘I'he mercury
arc is placed right above the Wood’s tule and in the space between the are and
the tube, there is sufiicient layer of water to cool the Wood's tube fiom the
leat 1adiated by the arc. The scattered light, after passing through a metallic
tube which is blackened inside to avoid reflections on the walls of the tube,
is focussed by means of an achromatic lens on to the slit of a spectrograph
which has a high dispersion and good light-gathering power. -

FFor the determination of relative infensities of the Raman lines, the spectra
arc taken with the different concentiations of the acid under identical conditions,
in respect of the distance between the wercary are and Wood's tube,  the
temperature of the liquid, the runnimg  voltage and cwrrent and the disposition
of the arrangement for focussing  the scattered light with respeet to the slit
of the spectrograph. The time of exposure for cach of the solutions was
exaclly 5 hours. ‘Thus, the changes in the intensily of the Raman lines
from onc concentration to another are due only to changes in the concen-
tration of the acid and to changes in the nature of the molecular species arising
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The intensttivs of the

out of dilution, hut not duc to any external factors.
lines are determmined i the usnal mannet by tding a

number of density
marks with a Zeiss step-filter, on the same plate on which the Raman spectra are
taken.

The process is repeated for the serics of spectra obtained  with solutions of
KIISO,, (NH,). SO, and 0, SO, all having 3 grun-molecules per tooo e, of

solution.  As the solution of  KHSO, gives o large continunm, a solution of

NaNO), is used as a filter to cut  ofl radiations beyond 4358 towards ultraviolet.
For this purpose the Wood's tube with a jacket coutaining (he filtar is used.
Lverylime the solution is changed the flter s also replaced afresh as it may
undergo photochemical decomposition during the exposure, which s of 8 hours'
duration for these three solutions.,

RAMAN LINLES IN SULPITURIC ACID AND
THEIR ORTGTN

A characteristic feature of this acid is that all its Raman lines are broad,
diffuse and bright.  Icuee, it is very difficult to Jocate the maxima of the hands
exactly by micrometric measurement.  ‘Phat is the rsason why the values of the
frequecies given hy vations authors are found to dilfer. In such cases a micro-
phiotometric curve will be very useful in locating the positions of the maxima and
the Timits of the hands.

T'he assignmient of the lines in the spectum of sulphuric acid was made on
the basis of the changes that they undereo on dilution  Ramakrishna Rao®
found that the 1og3-line increases in intensity ou dilution and lence attributed it
to IISO), formed

on dilution as it is also found with considerable intensity m
solutions of KIISO),.

The g8o-line which appears in higher dilutions and also in
solutions of sulphates is attributed to SO,. "I'he lines 1171 and 1305, which could
not be atiributed to any 1adical containing SO jon, but which wee found {o he
analogous to similar lines with SO, solution ware attributed to molecules of the
type SOL(OH),.  The g1o line which decreases in intensity on dilution s due to
undissociated H,S0, molecules.  ‘T'he bands 416 and 562 arc of composite nature
having a number of maxima and their voriation inintensity with dilutions
isirregular. So it is concluded that they are exeited by ali the three types of radi-
cals, vz, Hy SOy, TISO and SO,7.

THIE INTENSTLTIRS ov TITE RAMAN LINES

There are only threc lines in the spectrum of sulphuric acid with  Raman

frequencies g10, ¢8o, and 1043, for which the determination of the intensity is

possible.  These are as pointed out in the previous scetion excited by H,S0,,

SO,/ and HSO, respectively. The other lines are either too feeble, or are

superposed By lines excited hy the diffcrent types of molecules. Soit is
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considered that no uscful purpose is served by determining their inter-
sities.

Now, since the width of the lines o10 and 1043 is varying with dilution of
the uacid, the intensity of the maximmum does not represent the intensity of the
line. Curves are therefore drawn taking the intensity of the band at cach point
as ordinate and wave-namber at the point as abscissa. The area of the curve is
taken us a true measure of the intensity of the band.

)

Though Raman and Venkateswaran ® announced recentiy that they have
reason to helicve that the Raman scattering is, to some extent at lcast, coherent,
and that they are conducting some experiments which are cxpected to throw
more light on the subject, it is generally accepted that the Raman scattering is
incoherent. ‘Theintensity of the light scattered by a medium is therefore propor-
tional to the mnumber of molecules conlained in it. Then the intensities of the
lines excited by H,S0,, HSO,/ and SO,” in solutions of various concentrations
will be respectively proportional to the number of these molecules in the different
concentrations. In the case of solutions of nitric acid, Ramakrishna Rao’
suggested that if “n.’ is the number of NO,/ ions at concentration ‘¢’ and
‘n,’ that at infinite dilution ¢, then o, the degree of  dissociation is

given by

and since » is proportional to the intensity I,

-H ¢ /l _I_y,

a= 1
C/ o,
But, with dilute solutions, very long exposures are required to obtain lines of
measurable intensity. Therefore, by this method, it is possible to calculate only
the degree of dissociation relative to one of the concentrations.
In a later publication, Ramakrishna Rao and C. S, Ruo,’
large number of strong electrolytes in aqucous somtions, arrived at the following

0

after studymng a

results: . _
1. 'The salts of alkali elements dissociate completely at all concen-

trations. . .
2. The acid salts of the alkali clements dissociate completely as far
as the alkali radical is concerned and the acid radical dissociates pro-

gressively. * o
3. Halogen acids, viz., HCI, HBr, HI, dissociate completely at all concen-

trations. - o
4.' Oxy-acids dissociate progressively on dilution.
The first two results can be made use of to caiculate the absolute degree of

dissociation of sulphuric acid. Instead of taking an infinitely dilute solution to
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1 . . . .
calculate -, the solution of a salt having the same acid radical can he taken

Co

and the intensity of the line excited by the acid radical determined, M ¢ is the

. . . I, 1,/ . .
concentration of this solution, then ~"= "7 | since in hoth the cases, there is
Co c

complete dissociation,

In fact, the intensity of radiation excited by cach ion can be caleulated, hy
determining the mtensity of the line excited by the ion and dividing  this by the
total number of ions. I'his is specially useful, in caleulating the degree of
dissociation in a solution of a polybasic acid, for example, sulphnric acid taken up
iu the present work. By mieasuring the intensity of the SO line in the spectrum
of the solution of (NII,s, SO,, the intensity of radiation excited by 1IN 80)," ions,
where N represents the Avagadro number, s dotermined.  “T'hen, the intensities
ol the lines due to IISO, and SO," in the solution of KITSO), ure measwed, and,
hy dividing the intensity of the SO, line in this speetrum by the intensity of
radiation excited by 1IN SO, jons calculated above, the nuuber of S0, 10ns in
the KHSO, solution is calculuted. By subtracting this number from the total
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munber of KHSO, molecuies, the nonmber of  TIS( )" dons present 1s determined.
Knowing the wmtensity  of the line excited by HSO," ions in this solution
and the number of undissocinted I1180," jons as caleulated above, the intensity
ol radiation excited by 1N HSO, jons s calcalated  Now, knowing the
intensities of the radiations excited by cach of HSO,/ and SO,” jons and
kuowing the intensities of the lines in solutions of sulphuric acid excited by thesc
1ons, the number of HSO," and 8O,7 molecules in these solutions are determined.
Dividing these numbers by the total number ol molecules, the degrees of dissocia-
t1on are calenlated.

INTENSITIES AND DEGRIEE OF DISSOCIATION OF 1,580,
MOLECULES INTO 807 AND S0 TONS

In the ubove table, the first column gives the concentration in - gram-mole-
cules of the acid in 1000 c.c. of the solution.  Tn the second column the intensitics
of the hnes of Ruman frequency gio, corresponding to each concentration, aie
siven, I there were no  dissociation  of  the  acid,  the intcusity  of
this line must he proportional to the concentration, as the tinies of exposure
are equal.  I'hus, ii with different concentrations the times  of CeXposure were
inversely proportional to the concentration, the intensities ought to be cqual
To arrive at an idea as to how kar there is dissociation of the acid, wtensily ofs
this line, as it ought 1o be if the times of exposures  were inversely  proportional
to concentration, arce calculated and given in columm 3. I'rom the values of
the intensity in column 3, the number of undissociated Hy504 in gram-moles
per 1ooo ¢.oo ol the solution, is calculated by the method indicated in the previons
paragraph, and given in the fivst sub-column of colimn .. For coucentrations
less than 1o'75 gm.-molecules, the intensity of this line is too fecble to permiit
of quantitative determination. In the next sub-column is given the numbler
of 11,80, molecules obtained by subtracting the number of HSO', and SO,
ions from the total number of molecules.  The closeness with which the vaiues
in these two colummns agree indicate the validity of these calculations, and the
validity of the conclusions drawn by 1. R. Rac and (. 8. Rao'® regarding
the dissociation in the salt solutions. The next three columus give the corres-
ponding values for 1180, ions, and the next thiee for SO, ions. The 111l
column gives the proportion of the dissociated 1280, molecules to the undisso-

ciated which is the ratio of the sum of 11S0,” and 8O, ionus to the total number

-
of molecules.

DISCUSSION OI" RESULTS
The {ollowing maiu points are to be clearly noticed in calculating the
pumbers of the H,504, HSO,/ and SO, radicals in solutions of the acid,
KHSO, and (NHy)e SOy4-
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1. As the concentration of the solution is deereased, the number of H,80
molecules becomes smaller and the number of HSO, molecules increases. 'l‘hi:
merely indicates that the HyS0, molecules are dissociated into HSO)
dilute solutions.

2. The rate of fall of 11,80, molecules or the rate of increase of the FIS ),!
ions is large in moderately coucentrated solutions, bul iu dilute solutions the
rate is less as is cvidenced by the Figs. I and 11, where the curves are steep at

4 1ons in

moderate concentrations and as the dilution is mereasiug they get flattencd.
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The decrease in the rate of formation of HSO, ions in dilute solutions
might be explained as due to their further dissociation into S0," dons. But the
decrease in the rate of fall of the number of HgSO, molecules indicates that the

9
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rate of dissociation is less in these solutions. ‘This is further supported by the
fact that the number of SO, jons is very small even in dilute solutions, which
means that the dissociation of HSO,! into SO, ions is very small.

This can be casily seen from the consideration that the equations

Hy80, — HSO/+H" .. (1
and HSO', — SO/+H* .. (2)

are reversible. As the dilution is increased, the number of H' ions increascs
and hence the reverse action is more favoured. That is why, evenat the concen-
centration of 3 gram-moles per 1000 c.c., there is a considerable number of
H,S04 molecules. ) _

3. But in the case of the solution of KHSO),, the dissociation of HSO,'
into H" and S0, is larger than in an equivalent solution of the acid. This
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is because the number of H' ions is less in this solution than in that of the
acid, wherc H' ions are produced by hoth the reactions, whercas in the solution
of the acid salt the reaction represented by (1) is absent.

4. ‘'The number of SO,” ions in the solution «f (NH,)uS0) 4, which assumed
to dissociate completely is muuch larger than in the equimolecular solution of
11,804 or KHSOy, as is expected, in view of the above considerations.

5. The above results state that the molecules in solutions of the acid or
of the acid sult are not completely dissociated cven in solutions of the order
worked with in the present investigation. ‘This means that the postulate of
Debye and Hickel that in dilute solutions all strong electiolytes completely
dissociate is not applicable to these dilutions. They do not contemplate any
sub-classes in strong clectrolyles, acids, salts, alkalis or acid salts. In very
dilute solutions where tlhicre is complete dissociation, such classification is not
necessary, but, for concentrations dealt with here, such classification 1 mnecessary
as pointed out by 1. R. Rao and C. S. Rao.

The author finds great pleasure iu thanking Dr. I. Ramakrishna Rao under
whose direction the present work is underiaken.
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