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ON THE RAMAN SPECTRA OF OXALATES IN
SOLUTION AND THE STRUCTURE OF THE
OXALATE ION.

By JAGANNATH GUPTA.
(Palit Research Scholar in Chemistry.)

Plate XV,
{Recefved for Publication, and April, 1936,

ABSBTRACT : In continuation of the author's previons work on formic acid and
metallic formates,! where a difference between the Raman spectra of pure formic acid and
formates and those of the aguevus solutions of these substances was observed, the Raman
spectra of aqueons solutions of oxalic acid, potassinm and smmoninm oxalates have been
examined. Similar changes have also been observed here, by which the behaviour of the
carboxyl group hefore and after ionisation, as discussed in the said paper, have been
confirmed.

INTRODUCTION.

The structural formulation of oxalic acid has been a subject of intcrest for
some time past, particularly after the isolation of a new form of the acid by
Wassilieff? by heating copper nitsate and benzene in scaled tubes at 170°-190°
for several hours. On the basis of this work, Tschitschibabin® proposed a cis-
trans type of isomerism of oxalic acid and tried to explain the various ob-
servations recorded in the literature regarding the properties of the acid with
its aid.

The Raman spectrum of the acid has consequently been the subject of study
of several workers. After the preliminary investigations by Krishnamurti¢,
the substance has been reinvestigated by Rao® in the solid statc and in the
aqueous solution, by Angus and Leckie,%, and with particular thoroughness
by Hibben? in the solid state both in the form of the anhydrous acid and the
crystalline dihydrate, and in solutions of water and methy! alcobol. The results
of these workers are summarised in table I,
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TasLg 1.
Oxalic acid Oxalic acid dihydrate Oxalic acid in water (:in:::dr;{l
anbydrus e
(H) (A—-L) (R) (I A=L) (H)
248(7)
305(m)
405 4Ro(m) 453(m) 493 403(m)
6731 7)
848(s) 47 854 84515) 84215) 850(5)
1370(d) 1365 1310(w) 1375
1471 1471 1430+ 30(wd)| 1460(d)
1651 (m) 1661(b) 1656(d) | 1645(d) 1647
1684
1740(?) 1759 17441s) | 1740(m) 1749 1755(s)
H=Hibben.”
A—I,=Angus and Leckie.®
R=Rao.?

It is immediately apparent from the data tabulated above that the variance
in the results obtained by the workers are beyond the limits of experimental
error. For example, Angus and Leckie find in the crystalline dihydrate, the
lines 1661 and 1750 cm™''s, “‘as strong as the corresponding frequencies in
the aqueous solution,”” which are not recorded by Hibben; whilea strong line
at 848 cm™! obtained by Rao and by Hibben have not been recorded by ‘the said
authors. Whatever may be the results obtained with solids, which usually give
strong continuous spectrum, the results obtained for aqueous solutions are too
discordant to escape attention. The aqueous solution has therefore been re-
examined, and in view of the previous work on formic acid and metallic formates
done by the present author!, the soluble oxalates of potassium and ammonium
were examined in aqueous solutions, with a view to verifying the interpretation
on the behaviour of the carboxyl group on ionisation, put forward in the said
paper.

EXPERIMENTAL.

Saturated aqueous solutions of oxalic acid, potassium oxalate, and ammonium
oxalate were examined. The chemicals were of reagent quality, once recrystal-
lised. The crystals were washed once with dust-free distilled water (redistilled in
vacuum) to remove all mother liquor from the crystals. This simple procedure
materially diminishes the continuous background usually observed with aqueous
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solutions,  After dissolution, the solution was filtered through u well washed glass-
sintered Goocli crucible (No, 4) before final introduction into the Wod's  tube,
A solution of m-dinitrolenzene in benzene was used to cut off 40464 group of
Hy lines, und the water band excited by it,  The time of  exposure is  usually
24-30 hours,  “T'he results are tubulated below,

Tam.n 11,
Oxalic weied wlution | Potansinm oxalute Amimeminm oxalute
in water (sutd.) solution (satd.) soluthm (satd.)
175 (1)
304 (1)
4y (1) 452 (2) 442 (1)
a7 14) 88 (4) Bos (3
1372 (§l) 1300 (4) 1302 (3)
1459 (1) 1460 (3) 1460 (2)
1485 (3) 1485 (3)
1631 (2h) 1600 £ 30 (3h) 1610 ¢ 30 (3h)
1740 (4)

DIBCUBRION OF REBULTS.

A comparative study of the results given in the two preceding tables reveals
the facts that, (1) the lise 1740 cm™! which is known to be due to the group
C=() is absent in aquesus solutions of potassium and ammonium oxalates; and
in also considerably weak in the anhydrous acid; (2) & pair of lines near 1650 cm ™!
and (1300-1400) ecm™! is present with fairly large intensities in the aqueous solu-
tion of the oxalates and in the anhydrous acid; (3) in the methy! alcoholic solution
of oxalic acid, the line 1750 cm™" becomes very intense while the lines 1310 em™!
aud 1650 cm™' are totally absent; (4) the line at 1370 em™' observed
in the anhydrous acid is shifted to 1305 cm™" in the aqucous solutions of the
salts,

The difficulty in interpreting the origin of the line 1310 em™" observed by
Hibben in an aqueous solution of the acid wes pointed out by him, This line
can neither he attributed to the deformation oscillation of C~H in CHg group,
for the latter group is absent in oxalic acid, nor with any degree of certainty to
C=0H grouping, for the more fundamental frequencies attributed to this group-
ing, which lie in the region of (1050-1090) cm=?, are absent. In extension of the
views of Kohlirausch® discussed in a previous paper by the suthor,’ this line and
the line 1650 cm™' can be interpreted to have their origin in the antisymmetric and
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symmetric vibrations of the Hantzsch's model of the COOH group.  The extreme
parallelism in the nature of this pair of lines in potassium and ammonium oxalate
solutions with the lines 1329 cm™! and 1667 cin™! in sodium trichloracctate
solution’. both as regards the character and relative intensities, strongly suggest
that the origin of this pair of lines in cach of these substances is the same.
I'he diminution in the frequency shift of the line 1370 cm™! in anhydrous oxalic
acid to 1305 em ™! in oxalate solutions, which is similar to the change observed
in the case of formic acid when the latter is converted into aqueous solutions
of metallic formates, gocs to confirm the view put forward by Peychés? that
the angle between the two C—0) bonds increases when the H of the COOH  group
is replaced by a metal which ionises in agucous solutions.

The acid in the anhydrous state, thus appears to have the structure

- )‘"-.
H@C——L <, /'Ii.

In a molecule having such a structure, the vibration O —H is expected to be
greatly hampered, since either of the H atoms is bound between two () atoms, and
is therefore not iree to oscillate against one oxygen atom. The absence of the
OUH frequency which is mormally strong, as pointed out by Hibben, is thus
clearly intelligible from this formulation.

On dissolving in water, the molecule undergoes marked changes in structure.
It was pointed out previously by the author' that in a carboxylic acid, the

)
conversion of the C<>H group to the normal cd form seems to be a
OH

precursor as well as a measure of the strength of the acid.* Oxalic acid, being

a strong acid, is converted to a large extent to the nonual C<) form in an
JH

aqueous solution. The small percentage of molecules of the normal form which
only ionise to H* and oxalate ions, gives rise to two lines in positions similar to
those due to the Hantzsch’s model of the molecule, in which the angle between
the two C—0 bonds is somewhat less than that in the oxalate ion, as previously
pointed out. In consequence, the line near 1310 cm™" observed by Hibben loses
its sharpness in oxalic acid solution, owing to the presence of two lines 1310 cm™!
and 1360 cm™! side by side, the latter being caused by the antisymmetric oscilla-
tion of the residual number of molecules of Hantzsch's structure still persisting in
the aqueous solution. Such complications, however, disappear when the acid 8

® This view finds support in a recent work of Rdsall (J. Chem. Phys., &, 1, 1936) who has
shown that although in pure acetic and propionic acids, any line in the region of 1720 cm ' is
absent, dilute aqueous solutions of these acids of 30-35% cuncentration show the presence of &
line at 1720 cm-* in fairly large intensities.
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Raman Spectra.

(a) Saturated solution of oxalic ackd in water
(b i - potassium onalate.
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converted into a metallic oxalate which dissociates freely in aqueous solutions
leaving the oxalate ion in the form

(Pe—el)”

as depicted by Peychés ; the angle between the two C—0O bonds in each of the
(COO) groups being greater than what it was in anhydrous oxalic acid, giving
rise to a sharp line of smaller frequeney shift (r3os cm™') than the

line 1370 em™! in the anhydrous acid and a broad line in the region of
1620 em™!,

It is evident that under these conditions, no line due to C=0 can possibly
appear. When the line due to C=0 near 1740 cin™! will be prominent, the pair
near 1310 ™! and 1620 em™! will lose their intensities. This is exactly what
happens in a methyl alcoholic solution of oxalic acid examined by Hibben ;
the line 1755 cm™' is strong, while the lines 1510 cm™! and 1645 cin™! due to

)

C ’ have vanished altogether. It is interesting to note that the Raman

)

spectrum of oxalic acid in methyl alcohol is examined under conditions similar
to those for esterification of the acid, viz., taking oxalic acid in an exccss of
methyl alcohol. Since the esters are all known to possess normal structures having

C=0 grouping, the complete conversion of oxalic acid into the normal C

OH
form from the Hantzsch’s form in methy! alcohol can be anticipated.

The interpretation given above of the nature of the oxalate ion seems to have
been confirmed by the X-ray analysis of ammonium oxalate crystals by Hendrick
and Jefferson!® who have shown that in these crystals, the angle between the
two (C—0) bonds in either of the (COO) groups is 129°, which agrees approxi-
mately with the angle given by Peychds. It is noteworthy, however, that the
distances of the two oxygen atoms from the carbon atom in either of the (COOQ)
groups are not identical and that the two groups are notin the same plane

LV

8o that the configuration oi((>C-C ) has not got the symmetry V,

( )

observed in the case of CgH,. The bond energy values for the two C—=() bonds
in each (COO) group are consequently different, which should lead to extra
lines. This might account for the presence of a doublet at 1460 and
1485 cm™! besides the line 1305 em™! in the aqueous solutions of the
oxalates.

7
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In conclusion, the author wishes to express his respectful thanks to Dr. P. B.
Sarkar for suggesting the problem, and to Sir P. C. Ray and Prof. D. M. Bose
for their kind interest in the work. The work was carried out in the Palit
Laboratory of Physics under kind supervision of Dr. S. C. Sirkar to whom also
the author’s best thanks are due.

PaLIT LABORATORY OF CHEMISTRY,
UniveErsiTY COLLECK OF SCIENCE,
CALCUTTA.

REFERENCES.

Gupta, Ind. J. Phys, 10, 117 (1936).

Wassilieff, J. Russ. Phys. Chem. Soc., 88, 33 (1902).
Tachitschibabin, J. Prakt. Chem., 190, 214 (1928).
Krishnamrti, Ind. J. Phys., 8, 309 (1931).

Rao, Z. [. Phys, 94, 546 (1935).

Angus and Leckie, J. Chem. Phys., §, 83 (1936).
Hibben, J. Chem. Phys., 8, 675 (1935).

Kohlrausch, Z. f. Phys. Chem, B, 28, 350 (1933).
Peychas, Bull. Soc. Chim, ?, 2195 (1935).

Hendricks and Jefferson, J. Chem. Phys, &, 102 (1936).

P e ® = & o a @ @ o~



