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MOLECULAR ASSOCIATION IN OXYACIDS

By N. RAJESWARA RAO
ij^rcrivcd im pithjicalion, Sepinuhrt ly, i()j;;)

ABBTBAGT, In tlu pn'seiit pripcr, molernlar Mssm inlion in solutions of oxyacids is studied 
with the help *)f Ftaniiiti e lhrt. (Mi toinparing the associating nature of thes(' suhstances 
with tlieii strength^ it is found that the stronger the acid the smaller is the tendency for its 
molecules to polynu risc To stiid\ this point tiirther, a comparative study of molecular 
asso(M'ation in solutions of ain tic and chloracetic acids, which are known to he of increasing 
order of strengih hut of (jnite similar stiiictme, is made and the ahr^vc point is confirmed.

It is also found that increase' in the h\ drogeii-ion com entration in these solutions will have 
the effect of diminishing tlu' molecular association cfintrary to what is to he expected from the 
law of mass ac tion

T N T R O D U C 'J' T 0  N

Knleswaraiii (19 |n) siu'ccsfully employed Raman effect to study molecular 
association in a uuniber of associated liquids aud arrived at the conclusions that 
substances must have both a donor aud and an acceptor atom for association 
to lake place in pure state, water, fatty acids. From this it appears as if 
oxyacids, which contain both H and O atoms, form ideal substances for molecular 
association. It is well known that in the oxyacids, the hydrogen-ion is attached 
to the oxygen atom forming the (JH link which on dissociation breaks off. 
Thus, nitric acid is considered to be having the formula NtJ^-OU, sulphuric 
acid Sf>;.(011)2, iodic acid lO;.Oil and so on. This contention has been further 
verified by the Raman spectra of these acids in the pure state by Venkateswaran 
(t()36) and Dadicu aud Kohoransch (1931) who observed the OH band in these 
spectra. Also, all these molecules must iieces.sarily be polar becau.se of their 
nnsymmelvical structures. Thn.s, the condition for molecular association is 
satisfied and one must expect associated molecules in solutions of these oxyacids. 
But a .study of the solutions of Jl2S()<, UNO;,, HCIO4 or HsPO  ̂does not show 
any evidence of the existence of associated molecules of the type (HNO;t)2 
or (H2v̂04);:, etc., though in solutions of acetic acid the determination of mole­
cular weights of HnSOj, HaPO., and HCIO4 revealed the existence of unstable 
dimers, which were found to be very unstable and to decompose with time- In 

solutions of iodic acid, evideute for associated molecules could be found in 
higher concentratious (Rao, N. R., 1942). Its Raman spectra in different 
concentrations show lines which are found to vary with concentration, which 
was interpreted on the basis of the splitting up of polymerised molecules 
into normal molecules with dilution. In trichloracetic acid also, evidence 
for polymers, which s])lil up very fast op dilntiou, was found fiom a study
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of its kaiiian spectrum in different concentrations and temperatures.'' Hut 
in acetic acid, studied in detail by Koteswaram associated molecules
\\ ere found even in dilute solutions.

In the prc.seut paper, the association of the oxj acids and its dciiendeuce 
on their strengths will be studied, by making a comparati\e study of the acetic 
and chloracetic acids, which are known to be of increasing order of strength.

a c e t i c  a c i d

Koteswaram observed that the Raman spectrum of acetic acid consists of 
sharp lines of frequencies 44b, 6oi, 6 i !o , S72, 8p,̂ , uuo, i,;7o, 1468, 14.^4, .;8Sy,
JCJ46, 2996 and a band which can be regarded as composed of components at 
1673, 1700, 1720 and 1770. Un examining the intensities and the changes in 
the frequencies of the lines S7.-, 893, 1010 and the band at 1700 in the spectra 
of this acid in different concentrations in water and (jthei polar liquids and at 
different temperatures, he observed that (1) the line at S72 ai)pcars only in the 
spectrum of the pure acid, (2) the second line 894 gets dilluse on dilution and 
increase of temperature, (3) fhe line at k h o ,  which he attributed to the C t) baud, 
shifts to a higher Raman frequency on dilution and temi)crature and (4) the 
lower frequency comi)onents of the 1700 baud disaiipear under these conditions. 
He attributed these changes to the depolymerisatiou of the acid molecules.

Now on dilution, the polymerised molecules .split up iiitt) simple one.s r\huh 
on further dilution split ut) into ions. 'They can be repre.seuted by the equatirm .

(C H a C O ()H ).^ = ^ 2 C H .C O O H ^ = ^ H l' 1 2Clb.CO(r.

Now if, in a dilute solution, the hydrogen ion concentration is increased, the 
backward reactions must be favoured resulting in an increase of the i)olymenscd
molecules. To test this, 3 sets of aqueous solutions, 82% acetic acid, and 82% 
acetic acid + iN  HCl, 50% acetic acid, and 5<>% acetic acid + iN JlC i and 25% 
acetic acid + iN H C la re  prepared and their Raman spectra are obtained with 
times of exposure inversely proportional to the concentration of acetic acid in 
them. For each pair of .solutions, the weight of acetic acid per 100 c.c. of 
solution was the same, so that the spectra for any pair should be identical for 
equal exposures under identical conditions, if the acetic acid is unaffected by 
HCl. The changes in the spectra of the mixture compared to the pure solutions 
are very slight and of uncertain nature. Only there is a slight indication that
the lower frequency components of the band at 1700 are fuithei diminished in
intensity in the mixture with HCl. 'This is surprising in view of the above 
expectation, which is expected to show an increa.se in the intensity of componerits 
which correspond to the polymers-

M O N O C H b R A C li T I C A C I D

Due to substitution of one of the hydrogen atoms in the CH., gnmp of 
acetic acid by chlorine, this acid is known to lie stionger than acetic acid. In

Unpublished work of the author.
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the following pages are given the results on the molecular association of this 
acul on lines similar to those in the case of acetic acid.

'I'he Raman spectrum of this acid in the solid and the molten states has 
been studied by a feu authors including Parthasarathy (1034), Thatte and 
Oanesan (h)3i ), Cheng and Dadieu and Kohlrausch (1020). All the
above authors reported that their spectra were sui>erposed by an intense con­
tinuous background. Parthasarathy seems to have obtained a fairly good 
spectrum of tlic acid in the solid state. Thatte and ( lancsan recorded only two 
feeble lines of frequencies 433 and 200 1̂. Cheng made a comparative study of the 
infra-red and the Raman spectra of the acid. Kohlrausch seems to have obtained 
the best spectrum with the molten acid, thougli he reported to have observed 
intense continuum su])erposed on this spectrum. But, so far, no attempt was 
made to study its molecular association by this method.

U \  P R 1 M E  N T A Iv

'Pile Raman spectra of this acid are usually superposed by an intense 
contiiuuim, making it sometimes difficult to observe the lines clearly. In order 
to avoid this, the acid is distilled a number of times and the final distillate is 
collected direct into tlie Wood's tube. The spectrum of the molten acid is taken 
by maintaining the coi)per jacket at about Oû 'C and exposing the acid for about 
2 hours. Aqueous solutions of concentrations io '5N , 5N, 2*5N, P25N and o'sN  
arc prepared and treated with pure carbon wdiilc hot. The solution is filtered 
through a quantitative filter paper in a sintered glass funnel. In a similar *way, 
a 2,5N solution of the sodium salt of this acid is also prepared. To study the 
effect ol increasing the hydrogen-ion concenlraion, two solutions, one of normality 
j -35 and another a mixture of 1.25N  of this acid and iN  of IlCI, are prepared 
with the weight of CH.,ClCOOII per 100 c c, of solution in both being the same.

The experimental arrangement is the same as that employed in the previous 
work, vSpectra of the acid of different coue'eiitrations arc photographed with 
times of exposures nearly inversely proportional to the concentration of the acid. 
ySpectra of concentiations 10.5N, 5N, 2 5N and T.25N are photographed at 80'̂ ’C 
also, to study the temperature effect.

R A M A N L I N  E S
Raman lines in spectra obtained by the previous autliors arc given in Table I 

ami those obtained by the author in Table 11 . .

T able I

Autlua RaniciD frequencies in enr

PartlJasaralh^

'riiatlc and tkincsan 
Rauian lljies

Cheng
Infra Red 

Kohlrnnsth

I •jy-i Ui. 333 13). (4). 575 (4). 648 (o).
991 (11, I--35 (j), 1366 (ibj.

r.ii \

.’ 4 _’ (3). 29-1 l3 l. 333 13).

. ............ Ul. 121 ' ■
433 2994
79.1 868, y.i(), i i g i ,  1437 
12.38, 11.52, 10.85, 8.39, 696.
168 (sb, f), 232 (3I), e, c|, 41 I (6.sb), 561 (lb), 669 (isb), 
7yo tiusb), 901 (3sb), ii8i (i), 1405 (3sb), 1670-1760(1), 
2957  (3l»-
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17x0
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3o*Ci 80T
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243
-13H
6ln
()S2
790
c)i5l'2f

1405

J7JO

2950

242
438
61U
682
790
915

2̂ 2
438
6iu
6S2
790
920

1200 i J2om 
X405 1 X/J05

! i59̂  ̂
1710 i 1710

2950 295U

5 f'N -:'5 N I 2\sN 1 '2 SN : *'25N 1 i 23N SaltSoX 3 0 ^ ' 8n'"C 3 - ' C , Su‘ C i u l l C l ! 3 " c , 3N

243 212 1 242 242
1

242 i 2]2 2.12 : 24.1
■1 3 S -13 '̂ 4 3 '"̂ 138 ■13^̂ ‘ 4 .v̂ 438 1 4306ui 6ln 691 610 6u- ' 61 u ftno 610
(>82 68:,- , 682 682 68 :> j 6S:> 682 f>8/2
79.. 7 9 * • ' 790 791. 7 9  ̂■ ! 7 9 " 7 9 " 7 9 t>
92̂ 1 920 ! 9 2 " : 920 92u j 9 2 <> 9 2 «> 9 3 " '1 2no ] 2( X ' ' 12(M) J 2HU 1 2i H I ! 1 2* in 1 2' If) 1 2i If)

' f4<»5 : I4..5 ' 1 J4'>5 1 4 " 3 »4 " 3 1 1".S
X5 '>* 1 >.S' ) 0 1590 1 1391) 1390 \ 390

1710 1710 ' 171.. 1710 i 1710 17m1 ii U>3n I6̂ n i()50 163-1
2 9 .S‘> 2 93" 293f> 293») 29311

1
2930 2 9 3 < 1 29!v '

1 ) I S c  U S S I O N

'J'he Ktinian speclrimi of tliis acid is in many rL‘Si>c.‘cts siiiiilai to that of
D fagr^ni f/r reprtsr/ft.^tt"n r r  

^regur.ftcte-. o f  n>7ortoo/}lrrfi.icr//^,JcfJ in J i f fe r en r

rw»c I

I

acetic acid. The lines 
J 4 2 , 4 3 S , 6 10 , 6 8 2, 7UO,

1205 ami 2950 undergo 
very little change on diki- 
4ion. On comparing the 
assignment of the lines for 
acetic acid studied by 
Koteswaram it can be seen 
that the lines of frequen­
cies 790, 915, 1405 and
159 0 J7 10  can be attrilxut- 
ed respectively to CA',
C-O, CH2 and C-O bonds.
The other lines are due to 
some external oscillations.

The line at 9x5 changes 
in frequency from 900 in 
molten acid to 930 in the 
salt, [*siinilar to the C-O 
lines in I, acetic acid, pro­
bably for similar reasons,
/.e.s due to the splitting 
up of the polymers into 
simple molecules. The
band ‘> 11590-1710  and the line 1405 undergo const>icuous changes on dilution and 
variation of temperature.

a 5N unt I

CMjCitor* .

. III *11 r
«

fil0 6W7«0?r5 $9501̂ 0 jiHiiL.

D i a g r a m
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As in iJie case of acetic acid, this band can I)e regarded as composed of 
cmiiponeiits due to the polymers, simple molecules and ions. With increasing 
dilution and temperature, this baud shifts to a lower frequency due to increase 
in tiic intensity of the component rsyo attributed to CHaClCOOH molecules, 
due to s[)littiug up of the polymers (CHaClCOOIl).. On further dilution, i.c., 
from 2.5 to 1.25 and from 1.25 to 0.5N, the band shifts to a higher frequency due 
to the increase in the intensity of the component 1650, which is the frequency 
of the band in the spectrum of the salt solution. This shows the evidence for 
the electrolytic dissociation of the acid. Since the band is very diffuse and is 
comiiosed of components very close to it, a quantitative determination of the 
degree of dissociation is not possible.

1 he line at 1/405 behaves in a peculiar way. It is found to be common in all 
the solutions, but its intensity falls off rapidly on dilution and rise in temperature. 
Jn the salt solution, however, it is very intense. Probably, the line is common 
to all the radicals but its specific intensity corresponding to the normal molecules 
is [lerlmps very small. 'I'he feebleness of this line even in o’sN solution shows 
that the dissociation of the acid in this solution also is small.

On adding HCl, the band at 1590-1710 shows (1) an increase in the intensity 
on the lower frequency and (2) a diminution in intensity on the higher frequency 
side indicating a large increase in the number of normal CII^CICC )OH molecules 
due to (i) a decrease in the dissociation and (2) a large splitting of the polymets. 
The latter result is in conformity with that obtained in the ca.se of acetic acid , 
and the former with those reported in a previous paper by the author ‘ ‘ On the 
effect of common ioii on the dissociation of strong electrolytes ”  (Rao, N. R.,

T O P I C  A N D  T R I C I t l ,  OR A C K T I C  A C I D S

Studies on these acids are given in detail in the previous papers of the 
author (Rao, N. R ., 1942). Rut a brief account of the results obtained will be 
given below, as far as it relates to the present paper. In iodic acid, concentrated 
solutions show diffuse Raman lines at 636 and 790. The latter was regarded as 
com|)osed of components at 770 and S25 characteristic of (HlOa)^ and HIOj 
respectiv'ely. With dilution, the former diminished in intensity with a corre­
sponding increase in the intensity of the latter, indicating gradual splitting up of 
the polymers into monomers. The effect of increasing the hydrogen-ions on 
the molecular association of this acid could not be studied as it does not dissolve 
to a sufficiently large extent in solutions of other acids.

In trichloracetic acid, the C-t) band at about 1700 shows similar 
behaviour as in acetic acid, with this difference that in this case the diminution 
in the intensity of the component due to the polymers is very rapid and is almost 
absent even in 6N solution.

G K N E R A L C O N C L U S I O N S

From the foregoing work, the following 
as regards molecular association in oxyacids ;—

conclusions can be drawn
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1 . No evidence for polymerisation could be found in solutions of sfroui; 
acids, viz., HjSOi, UNOa, HClO^and HaPO^.

2. Weak oxyacids like acetic, formic and Iwnzoic acids sliow the presence 
of polymerised molecules in their solutions. Kvideuce for this can be gathered 
from the work of previous authors, r.g., Kotcswarain, already referred to in the 
course of this paper.

3. Oxyacids of intermediate strength, < .g., iodic, monochloracetic, and 
trichloracetic acids, contain polymers in their solutions.

4. From the above results, it can be seen that the weaker the acid, the 
larger the tendency for the molecules to polymerise, 'I'liis can also be .seen on 
examining acetic, monochloracetic and trichloracetic acids which haw similai 
structures but have a decreasing tendein-y for e.xhibiting as.sociatiou and increas­
ing tendency for dissociation.

5. These results show that while the presence of donor and acceptor 
atoms is essential for the formation of polymers, this is not the only factor. The 
nature of both the solvent and the solute plays a great i>art in determining the 

degree of association.
6. Addition of hydrogen ions will diminish polymerisation. This could l>c

definitely tested only in the case of monochloracetic acid.
It is likely that due to the supply of a large number of ions by lit  1, the 

dielectric constant of the solutions is increased, e.verling more electrical pressure 
on the polymers and hence the suppression of association on the addition of ions.

In conclusion, the author takes great pleasure in recording his grateful 
thanks to Dr. I. Ramakrishna Rao, under whose direction the jucscut work was

done.
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