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MOLECULAR ASSOCIATION IN OXYACIDS

By N. RAJESWARA RAO

(Received for publication, September 17, 19)3)

ABSTRACT. In thic present paper, moleenlar association in solutions of oxyacids is stadied
with the help of Raman clfeet. On comparing the associating nature of these substances
with their strength, it is found that the stronger the acid the smaller is the tendency for its
molecules o polymerise T study this point further, a comparative studv of molecular
association in solutions of acetic and chloracetic acids, which are known to be of increasing
order of strength but of quite similar structare, is made and the above point is confirmed.

Tt is also found thal increase in the by drogen-ion concentration in these solutivns will have
the effect of diminishing the molecular association contrary to what is to he expected from the
Inw of mass action

INTRODUCTION

Koteswaram (1910) succesfully employed Raman effect 1o study molecular
association in a number of associated liquids and arrived at the conclusions that
substances must have both a donor and and an acceptor atom for association
to take place in pure state, e¢.g., water, fatty acids. Irom this it appears as if
oxyacids, which contain hoth 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 OM link which on dissociation breaks off.
Thus, nitric acid is considered to be having the formula NO..OH, sulphuric
acid 80..(OH),, iodic acid 10..0I1 and so on. ‘This contention has been further
verified by the Raman spectra of these acids in the pure state by Venkatcswaran
(1936) and Dadicu and Kolorausch (1931) who observed the OH band in these
spectra.  Also, all these molecules must necessarily be polar because of their
unsymmetrical structures.  Thus, the condition for molecular association is
satisficd and onc must expect associated molecules in solutions of these oxyacids.
But a study of the solutions of .50, IINO,, HC10), or H,PO, does not show
any evidence of the existence of associated molecules of the type (HNO,).
or (H:50)),, etc., though in solutions of acetic acid the determination of mole-
cular weights of H.SO,, H,PO, and HClO), revealed the existence of unstable
dimers, which were found to be very unstable and to decompose with time. In
solutions of iodic acid, evidemte for associated molecules could be found in
higher concentrations  (Rao, N. R., 1942). Its Raman spectra in different
concentrations show Jines which are found to vary with concentration, which
was interpreted on the basis of the splitting up of polymerised molecnles
into normal molecules with dilution, In trichloracetic acid also, evidence
for polymers, which split up very fast on dilution, was found fiom a study
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of its Raman spectrum in different concentrations and temperatures.®  But
in acetic acid, studied in detail by Koteswaram (1938), associated molecules
were found even in dilute solutions.

In the present paper, the association of the oxyacids and its dependence
on their strengths will be studied, by making a comparative study of the acetic
and chloracetic acids, which arc known to be of increasing order of strength.

ACETIC ACID

Koteswaram observed that the Raman spectrum of acetic acid consists of
sharp lines of frequencies 446, 0or, 620, 8§72, 803, 1010, 1270, 1308, 1433, 288y,
2046, 2096 and a band which can be regarded as composed of components at
1673, 1700, 1720 and 1770.  On examining the intensitics and the changes in
the frequencies of the lines 872, 893, 1010 and the band at 1700 in the spectra
of this acid in different concentrations in water and other polar Tiquids and at
different temperatures, he observed that (1) the line at 572 appears only in the
spectrum of the pure acid, (2) the second line Su3 pets diffluse on dilution and
increase of temperature, (3) the line at 1010, which he attributed to the C-0O) band,
shifts to a higher Raman {requency on dilution and temperature and (1) the
lower frequency components of the 1700 band disappear under these conditions.
He attributed these changes to the depolymerisation of the acid molecules.

Now on dilution, the polymerised molecules split up into simple ones which
on further dilution split up into ions. They can he represented by the equation

(CH,COOH),&=——=>2CH,COOHe===2:11" 1 :CIL,COO™.

Now if, in a dilute solution, the lhydrogen ion concentration is inercased, the
backward reactions must be favoured resulting in an inerease of the pulymcrised
molecules. To test this, 3 setsof agueous solutions, 82, acetic acid, and 52%
acetic acid + 1N HC, 50" acetic acid, and goY, acctic acid+ 1N HCiand 25%
acetic acid+ 1N HCI are prepared and their Raman spectra are obtained with
times of exposure inversely proportional to the concentration of acctic acid in
them. For each pair of solutions, the weight of acetic acid per 100 c.c. of
solution was the samec, 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 mixturc compared to the pure solutions
are very slight and of uncertain mature. Only therc isa slight indication that
the lower frequency components of the band at 1700 arc further diminished in
intensity in the mixture with HCIL This is surprising in view of the above
expectation, which is expected to show an increase in the intensity of components
which correspond to the polymers.

MONOCHLORACLETIC ACID

Due to substitution of one of the hydrogen atoms in the CH, group of
acetic acid by chlorine, this acid is known to be stronger than acetic acid. In

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

T'he Raman spectrum of this acid in the solid and the molten states has
been studied by a few authors including Parthasarathy (1934), Thatte and
Ganesan (1031), Cheng (1929), and Dadien and Kohlrausch (1029).  All-the
above authors reported that their spectra were superposed by an inlense conm-
tinuous background. DPuarthasarathy seems to have obtained a fairly good
spectrum of the acid in the solid state.  Thatte and Gancesan recorded only two
feeble lines of frequencies 133 and 2004.  Cheng made a comparative study of the
infra-red and the Raman spectra of the acid.  Kohlrausch seems to have obtamf.d
the best spectrum with the molten acid, though he reported to have obscrvcd
intense continnum superposed on this spectrum.  But, so far, no attempt was
made to study its molecular association by this method. ’

DXPERIMENTATL

The  Raman spectra of this acid are usually superposcd by an intense
continuu, making it sometimes difficult to observe the lines clearly. In order
to avoid this, the acid 1s distilled a number of times and the final distillate is
collected direet into the Wood's tube.  The spectrum of the molten acid is (aken
by maintaining the copper jacket at about 60°C and exposing the acid for about
2 hours.  Aqucous solutions of concentrations 10°5N, 5N, 2'5N, 1°25N and o'sN
arc prepared and 1reated with pure carbon while hot. ‘I'he solution is filtered
through a quantitative filter paper in a sintered glass funnel. In a similar ‘way,
4 2.5N solution of the sodium salt of this acid is also prepared.  ‘To study the
effeet of increasing the hydrogen-ion concentraion, two solutions, one of normality
1-35 and another a mixture of 1.25N of this acid and 1N of HC], are prepared
with the weight of CH,CICOOH per 100 ¢ c. of solution in both being the same.

The cxperimental arrangement is the same as that employed in the previous
work.  Spectra of the acid of different concentrations arc photographed with
times of exposures nearly inversely proportional to the concentration of the acid.
Speetra of concentiations 10.5N, 5N, 2.5N and 1.25N are photographed at 80°C
also, to study the temperature effect.

RAMAN LINES

Raman lines in spectra obtained by the previous authors are given in ’1 able I

and those obtained by the author in 'able 11. - K

TanLe 1

Author Raman frequencies in em”
Parthasarathy 242 (3), 204 (3), 333 (3), 426 (4), §75(4), 648 (o),
, . 789 (2), 991 (1), 1235 (2), 1366 (1b).
[hatte and Ganceson 433 (w}, 29094 (m).

Raman lines 704 868, y20, 1191, 1437
Chieng 12,58, 11.5 10.85, 8.39, 6 96.

Infra Red 168 (2b, ¢), 232 (3b, €, c), 41 (6sh), 561 (}b), GOY (1sh),
Kohlraunsch 790 (10 shY, go1 (3sb), 1181 (1), 1405 (3sb), 1670- 1760(1),

2957 (3.
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Tanre 11

' :’ X | ' ; ‘
Malten | 10°sN | 10'5N .snhf% 50N 25N 25N rasN G rasN | agN T egN  Sult
60°C 30°C) &°C i Fu'C 1 8o°C i 307C 0 80C | 300 RltC inICT! otC . 3N
! . ' '
| ’ ( | ! ! T
230 242 242 0 o242 o292 | o212 o220 o o2z oo EXTRREEYY
A1 | 438 ] 438 0 438 38 4N a3 s o b | 4R g0
560 610 610 1 610 ' 610 60 o 010 | f10 ' 6o "o 610
670 082 68r - 682 ¢ OR:2 682 . ol 682 1 082 ] 082 o5 nEz
790 790 790 1790 T 700 Fu0 Tou I 790 0 o0 7O ¥Q0
Qo 015 015 | 920 1 gz Yo o9 Qe % [§71%) ‘ 0o o ' 3o
1180 1200 1200 | T200 1200 12000 12000 012000 1200 | 1aon 1200 1200
1415 1405 1405 | 1405 ! 1405 1405 1405 ¢ xyos [ 1AD5 | Loy 1as | 1o
[ 1590 1540 1800 1 1500 1590 1y koo | oaggo e
1710 | 1710 [ 1710 [ 1710 1710 | 1710 f 17100 710 pape apo |
L ! 1050 11050 1650 | absa | oo
2950 2950 2950 l 2950 i 250 250 : 2050 20R0 l S50 ! 2950 Y50 250
j | i

DISCUSSTON

The Raman spectruni of this acid is in many respects similar to that of
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As in the case of acetic acid, this band can be regarded as composed of
components due to the polymers, simple molecules and ions. With increasing
dilution and tempcrature, this band shifts to a lower frequency due to increase
in the intensity of the component 1syo attributed to CH.CICOOH molecules,
duc to splitting up of the polymers (CH,CICOOH),. 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 clectrolytic dissociation of the acid.  Since the band is very diflusc and is
composed of compounents very close to it, a quantitative determination of the
degree of dissociation is not possible.

‘The line at 1405 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 temperaturc.
In the salt solution, however, it is very intensc.  Probably, the line is common
to all the radicals but its specific intensity corresponding to the normal molecules
is perhaps very small.  “I'he feebleness of this line even in 0'5N solution shows
that the dissociation of the acid in this solution also is small.

On adding HCI, the band at 1590-1710 shows (1) an increase in the intensity
on the lower frequency and (2) a diminution jn intensity on the higher frequency
side indicating a large increase in the number of normal CIL.CICOOH molecules
duc to (1) a decrease in the dissociation and (2) a large splitting of the polymers.
The latter result is in conformity with that obtained in the case of acctic acid
and the former with those reported in a previous paper by the author ‘“On the
cliect of common ion on the dissociation of strong electrolytes '’ (Rao, N. R.,

1941).
TODIC AND TRICHLORACETIC ACLIDS

Studies on thesc acids arc given in detail in the previous papers of the
author (Rao, N. R., 1942). But 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 iines at 036 and 790. ‘I'he latter was regarded as
composed of components at 770 and 825 characteristic of (H10,), and HIO,
respectively.  With dilution, the former diminished in intensity with a corre-
sponding increasc in the intensity of the latter, indicating gradual‘splitting up of
the polymers into monomers. The eflect 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-O 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.

GENERAL CONCLUSIONS

From the foregoing work, the following conclusions can be drawn
as regards wolecular association in oxyacids :—

L]
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1. No cvidence for polymerisation could he found in solutions of strong
acids, viz., H,S0,, HNO,, HCIO, and H,PO,.

2,  Weak oxyacids like acetic, formic and benzeic acids show the presence
of polymerised molecules in their solutions. Iividence for this can be gathered
from the work of previous authors, c.g., Koteswaram, already referred to in the
course of this paper.

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

4. Trom the above results, it can be seen that the weaker the acid, the
larger the tendency for the molecules to polymerise. This can also he seen on
examining acetic, monochloracetic and trichloracetic acids which have similay
structures but have a decreasing tendency for exhibiting association 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 part in determining the
degree of association. .

6. Addition of hydrogen ions will diminish polymerisation. "T'his conld he
definitely tested only in the case of monochloracetic acid.

Tt is likely that duc to the supply of a large number of ions by TICL, the
djelectric constant of the solutions is increased, exerting 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. T. Ramakrishna Rao, under whose dircetion the present work was
done.
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