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VIBRATIONAL SPECTRA OF THIOGLYCOLLIC ACID

P. G. PURANIK, K. VENKATA RAMIAH and VIJAY KUMAR

DeJPARTMKNT of PflYSICS, XJNIVKKHnfY OF SciKNCK
OsMANiA Univkhsity, Hydeuabad 7

{Beccived May 30», J SH\ 1)

ABSTRACT. The infrared nud Kaman of tliio>rly(‘<d]ie acid audita solutions
in difforont solvents have boon recujrdod and tlio assignments of some of the friMiuoucies have 
been proposed.

IN T K 0 D U C r  T 0 N

The Raman spectrum of thioglyolollio Acid has been t5arlier reported by 
Thatto and Ganesaix (1933), but these authors have not recorded any line in the 
region of 2500 cni“'̂  corresponding to S-H stretching vibrations. Hibben (1936) 
while discussing the Raman spectra of thioacids, interpreted the absence oi a 
line in the region of 2500 cm~̂  in those (M)nipounds, as due to the absence of S-H 
group. There appears to be no mention in literature regarding the studios of 
infrared spectrum of thioglycollic acid. Tlic authors have studied the intrared 
and Raman spectra of the acid and in various solvents in order (a) to assign the 
various vibrational frecpiencies of the monomer and asso(uatcd molecules and (b) 
to study the effects of the solvents on llu  ̂ frtHiuencitis of the O^H, S-H and C 0 

stretching absorption bands.

e x p e r i m e n t a l

A Perkin-Elmor Model 21 Infrared Spoetrophotometer with NaCl optics was 
used to obtain the infrared spectra. The infrared spectrum of the pure liq.iid 
was obtained bv pressing a drop of the liquid between two NaCl plates, along w th 
an NaCl plate of equivalent thickness inserted into the roferenee beam. The 
spectra in solutions were obtained with a pair of matching cells of 0 .1  and I  mm 

thickness.
The Raman spectra were obtained by using a Euoss glsss spectrograph having 

a dispersion of 19 in the A4358 region along with a Hilger Raman source 

unit. A4358 was the exciting radiation.
Thioglycollic (®. Merck) .IM IM  onder rcduce.1 pr«.urc m ,l Uic

fraction oo'uectod at 128"C and 29 mm rrs»«ure J ” ™'***
The tact that thi. acid fetm. an aqi.eou> mixture of oonatont hcilo« point ha 
heen noted and ahsolutely anhydrona acid wa. u »d  m the inyMtigatiom.
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R JG S U L T S

The Raman and infrared frequencies of thioglycollic acid as recorded by the 
authors are given in Table I. The Raman spectrum reported by Tliatte and 
Ganesan is given for comparison. The microphotometric trace of the Ramna 
spectrum is given in Fig. 1. The infrared speedrum of thioglycollic; acid lias 
broad absorption band in the S/i region, but this band could be resolved into 
three peaks in solutions of chloroform and caibon tetrachloride. The Raman 
spectrum of thioglycollic acid has a sharp and intense line in the region of 
2500 cm  ̂ while the corresponding infrared band is weak. The authors could 
record a number of Raman lines which have not been reported earlier (Thatte 
and Ganesan, 1933).
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Fij?. I. Mku'ophotometric trace of tho Kninan spectrum of thioĵ lycollie acid.

D I S C U S S I O N

Assignments :

The infrared spectrum of thioglycollic acid has a broad absorption band 
extending from 3125 cm~  ̂ to 2900 cm~ ,̂ but in solutions of chloroform it could 
be resolved into three distinct peaks at 3495, 3125 and 2900 cm~ .̂ With increas
ing dilution, the intensity of the band at 3125i cm“  ̂ becomes less and at 0.02 
molar concentrations, this band becomes very feeble while the one at 3495 cm~  ̂
is prominent. A characteristic feature of carboxylic acids is their dimeric mani
festation, with the result that the iiitermolecular associations break up progres
sively with increasing dilution of these substances in chloroform or carbon tetra
chloride. Therefore the authors assign the band at 3495 cm-“̂  to the free 0-H  
stretching vibrations of the monomers and the one at 3125 cm~  ̂to the same mode 
of vibrations o f the associated molecules. The Raman line which is assigned
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to the bonded 0-H  stretch, has a banded structure extending from 2926 to 2971 
cm -i. A sharp intense Raman line appears at 2930 cni-i superposed on the 
hydroxyl band. The band at 2900 cm-i in the infrared or the one at 2930 enr'i 
in the Raman spectrum is assigned to (%H stretching vibrations.

The C — O stretching absorption of thioglycollic acid has two peaks at 
1717 and 1730 cm , the former being a weak shoulder. The carbonyl frcc|uency 
in the Raman spectrum appears as a band at 1654 cni'i along with a sharji, faint 
lino at 1710 em“ ’ . These results indi(*ate that the thioglycollic acid is not a 
completely associated liquid. W ith increasing dilution of the acid in chloroform, 
the peak at 1730 cm~  ̂ becomes more prominoi^t in the infrared s])e(*trum and the 
band at 1717 cm~  ̂ becomes a shoulder. At amohar concentration of 0.02 in solu
tion of chloroform, only the band at 1730 cin~  ̂ could be recorded. Therefore 
the infrared frequency at 1717 vm i or the Raman Hue at 1654 cni-^ is assigned 
to the C =  0  stretching of the associated molecules and the frequency at 1730 
cm~^ in the infrared or the one at- 1710 cni”  ̂ in Raman spectrum to the same 
mode of vibrations of the monomers. The large differeiu’es in the infrared and 
Ranxaji frequencies of the C — O stretcii of the thioglycollic acid are in agreement 
Muth similar results obtained by Davies and Sutherland (193H) in their investi
gations of carboxylic acids.

The lines at 1298 and 1397 cm~  ̂ in the Raman and the corresponding fre
quencies at 1286 and 1412 c m i n  the infrared can be assigned to C-0 stretch

and C
\ O H

deformation. Such assignments have been made byHadzi and

Sheppard (1953) in case of carboxylic acids and by Puranik(1955) in case of esters.
The Raman spectrum of thioglycollic acid has a sharp and intense lino at 

2569 cm -’ and the c.orrcsponding frequency in the infrared is a weak absorption 
at 2565 cnr^. The authors assign this band to 8-H stretching vibrations. The 
frequency remains unchanged even in dilute solutiojis of <*.hloroform. This in
variance of the fro(]^uency indicates that S-H linkage is a free linkage in thiogly
collic acid. The intermolecmlar associations in this compounds, may therefore 
bo concluded, as of 0 -H .......0  —- C type.

The S-H in-plane deformation frequency has been identified by Sheppard 
(1949) with a Raman lino at 832 cm-^ and therefore the Raman line at 813 cm 
in the thioglycollic acid may be assigned to this mode of vibration. The C-SH 
stretch is known to appear in the region of 6(X)-700 (un-  ̂ as a stri>iig line in The 
Raman spectrum (Sheppard, 1950) and therefore a fairly intense Raman line at 
675 cm~  ̂ may bo assigned to C—SH stretching vibrations.

The 220 cm "’  ̂ in the Raman spectrum corresponds to the symmetrical vibra
tions of the two acid molecules of the dimer through the stretching of the hydrogen 
bond.
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TABLE I
llaman and infrared frequencies of thioglycollic acid

(in tm~^)

Raman Infrared

Prt>8(3iit Tliatto and Present
authors Oaiiosari authors

2 2 0  (0 ) — —

421 (2) 433 (Id) —

— 511 ( 1 ) —

577 (2) 580 (1) —

675 (3) 6 8 6  (0 ) —

705 (4) — 755 (w)

813 (6 ) 818 (4) —

906 (4) 914 (2 ) 897 (w)

997 (4) 1004 (0) 990 (vw)

1164 (5) — 1149 (m)

1195 (3) — 1199 (m)

1242 (3) — —

1298 (0) 1286 (s)

1397 (3) 1409 (2d) 1412 (8)

— 1563 (Id)

1654 (3d) — 1717 (r)

1710 (1) 1707 (Id) 1 730 (sh)

— — 2336 (w )

2459 (2) — —

2569 (8 ) — 2565 (w)

2678 (2) — 2680 (sh)

2930 (9) 2950 (Id) —

2926 to 2971 — 2930 to 3125



TABLE ri

O H, S H and C =  0  stretching frequencies of thioglycolli(^ aci<l in
different solvents
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Solvents O-H
stretch

S-H
stretch

C-O
stretch

Liquid 20.30 __
to

3125
2505 1717

17.30
Carbon tetrachloride 3510 2575 1718

1731
Chloroform 3500 2505 1717

1730
Acetonitrile 3450 2505 1742
Dioxane 3450 25.35 1745
Pyridine 3225 2t40 1717 (sh) 

17.30
a~picoline — 2440 1700

1724
)8-picoline — 2440 1717

1730

Solvent effect

The infrared spectrum of thioglycollic acid has been recorded in various 
solvents and the OH, SH and C O stretching frequeiuues i]i those solvents are 
given in Table II and the traces are given in Figs. 2 and 3.

VWAVE NUMBERS IN CM
WMIL HUMRERS IN CM*lyogpo iqoR

Fig. 2. The O-H, and 8-H  stretching frequencies 
in (a) pure liquid (b) chloroform 
(c) dioxane and (d) pyridine.

Fig. 3. The C~ 0 stretching 
frequencies in (a) pure 
liquid (b) chloroform 
and (1 ) dioxane.



Tho absorption band at 3495 cin~  ̂ in chloroform or at 3510 cm~  ̂in carbon tetra
chloride, which is assigned to the 0 —H stretch of the monomers, does not appear 
in tho donor solvents. Instead it appears at 3450 cm ’ in dioxanc and acetoni
trile and at 3225 cm '̂  in solutions of pyridine. At these concentrations the 
carbonyl frequency is at 1743 cm  ̂ in both dioxano and acetonitrile. In pyridine 
it is at 1730 cm“ ’ with a weak shoulder at 1717 cm~  ̂ Similar results are obtained 
in solutions of picolines.

The appearance of a single C — 0  absorjjtion in the donor solvents corres
ponding to the monomer frequency is an indication that the intonnolecula 
associations have broken up considerably in these solvents. Then the simulta
neous rediuition in the 0-H stretching frequency compared to the monomer 
frequonciy m solutions o f chloroform or carbon tetrachloride is due to the hydrogen 
bond formation between the donor groups of the solvent and the 0 — H grou]) f)f 
the monomers of the acid l>y the 0H ...N  and 0 H ...0  bonds. The shift in the 
0 — H stretching frequency is maximum in solutions of pyridine.

The S-H stretching frequency, which has the same value nr pure liquid and 
in dilute solutions of chloroform, decreases to the extent o f 125 cm~’ in solutions 
of pyridine and picolines and becomes broad. In solutions of dioxane this band 
shifts only to the extent of only 25 c n r ’ .̂ The large shifts in 8-H stretching 
frequency in solutions of pyridine and picolines, may be concluded as due to the 
associations by way of S-H...N bonding.

.A (’ K y  O W L E D U M E N T

One of the authors (V. K.) expresses his sincere thanks to C.S.I.K. Government 
of India for the award of a Ifollowship.

522 P. G. Pnranik, K. V. Ramiah and Vijay Kumar

B f i E E I t f  NCEH

Davins , M. M.. ami Siithorland, fi. B. B. M., lOllS. J. Vhem. Phi/x. 6, 7rir). 
Hibb«n. J. H.. l!)3(l. Vhem. Rev. 18, i»2.
Hadzi, D and iShcppurd, N, 19.53, Proc. Rot/. Soc. 216-‘1, 347.
Puranik, P. ft., 10!)5, Proc. hid. Acad. Sci. 42, 320,
Sho])j)ard. N., 1949, Trans. Farad. Roc., 45, 093.
Sheppard, N, 19.50, Trans. Farrad. Soe., 46, 429.
Thatto V.N. and (taaosan, A.S., 1933, Phil, Mag. 16, 51.




