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Spectral study of thione-thiol tautomerization
of thiourea in aqueous alcohol solution

In this work we studied the equilibrium of thione—thiol tautomerization by Raman and UV spectroscopies.
This type of tautomerization influences on the course and direction of the reaction between thiourea and other
organic compounds. The studies were carried out in water and aqueous alcohol medium. Methanol, ethanol,
propanol-1 and propanol-2 were used as alcohols. Hydrochloric acid was used to protonate thiourea in water
and aqueous alcoholic solutions. UV spectroscopy made it possible to establish the tautomer ratio in water
and aqueous alcohol solutions as the ratio of the intensities of absorption bands at 236 and 200 nm. There is
an increase in the content of the thiol form and a decrease of the thione form observed in the row water-
methanol-ethanol-propanol-isopropyl alcohol. The addition of hydrochloric acid to the thiourea water or
aqueous alcohol solutions leads to the increase of the thione form and to the decrease of the thiol form in the
composition. The thione form of thiourea can be determine by Raman spectra of —C=S group. The thiol form
of thiourea is difficult to detect by Raman spectroscopy due to the overlap of the —S—H bond absorption band
with alcohols absorption bands.

Keywords: thiourea, thione—thiol tautomerization, Raman-spectroscopy, UV-spectroscopy, autoprotolysis
constant, protonation of thiourea, solvent effects.

Introduction

Thiourea is one of the common reagents to synthesize sulfur-containing heterocyclic compounds. These
compounds are used in medicine to produce thiobarbituric acid and sulfathiazolum [1], as a corrosion inhibi-
tor for metals [2], a ligand in chemosensors for transition and rare earth metals [3], etc.

Thiourea has a planar (N,CS) core; its molecule consists of electron-withdrawing —C=S and electron-
donating NH, groups; thus, there is an equilibrium between the thione (1) and thiol (2) forms in solution

(Fig. 1).
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Figure 1. Thiourea thione—thiol tautomerization

The equilibrium of thione—thiol tautomerization depends on many factors, but the pH and type of sol-
vent are the most significant. This type of tautomerization influences on the chemical reaction progress and
directions as shown in [4] on the example of the thiourea reaction with glyoxal to obtain 4,5-dihydroxy-
imidazolidin-2-thione or tetrahydrothiazolo[5,4-d]thiazole-2,5-diimine. Thus, it is important to identify
which thiourea form predominates in solution under different conditions in order to understand the chemistry
of the formation of sulfur-containing heterocycles.

The effect of pH on the thione—thiol equilibrium in thiourea aqueous solutions was studied using NMR,
HPLC-MS, GC-MS, IR, UV and Raman spectroscopy [4-8]. The influence of methanol, dioxane, and ace-
tonitrile on this equilibrium was studied in Ref. [3]. However, there was no systematic study of thione—thiol
tautomerization of thiourea in aqueous alcohol solution.

UV spectroscopy is one of the simplest and most informative methods to investigate the thione—thiol
tautomerization. It allows to establish the tautomer ratio in the solutions. A combination of UV and Raman
spectroscopy makes it possible to define the isomeric forms of thiourea more precisely.
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Based on the above, the aim of this work is to investigate the thione—thiol tautomerization of thiourea in
aqueous alcohol solution by Raman and UV spectroscopies.

Experimental

Water was purified using a Milli-Q purification system (Merck Millipore, USA). All reagents and
chemicals used were of analytical grade. Methanol (99.9 %), Ethanol (99.9 %), Propanol-1, Propanol-2,
thiourea (99+ %) were purchased from Acros Organics (USA) and 35 % hydrochloric acid was purchased
from Ecos-1 (Russia).

The UV- experiments were carried out using a Shimadzu UV-1800 (Shimadzu, Japan). The spectral da-
ta was collected in the range from 200 to 300 nm. Solutions of thiourea in water or water/alcohol
60/40 vol. % with 0.042 mg/ml thiourea concentration were used for UV experiments. Protonation of
thiourea were carried out by addition of hydrochloric acid to pH = 2.

Raman spectra were obtained by using iHR SP320 Raman spectrometer from Horiba Scientific.
2 %-Solutions of thiourea in water or water/alcohol 60/40 vol. % were used for Raman experiments.

Results and Discussion

Firstly, the aqueous alcohol solutions of thiourea were investigated by UV spectroscopy. The UV spec-
tra of the thiourea solution in water have two absorption maxima at 200 nm and 236 nm as shown in Fig-
ure 2.
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Figure 2. UV spectra of the thiourea solution in water

Absorption at 200 nm is due to the charge transfer between two amino groups, which is characterized
by the resonance structure (Fig. 3) and refers to the protonated form of thiourea. Absorption at 236 nm re-
lates to electronic transitions in the —C=S bond [9]. Thus, the first and second maxima are responsible to the
presence of thiol form 2 and thione form 1, respectively.
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Figure 3. Charge transfer between two amino groups of thiourea

The ratio of the absorbance at 236 and 200 nm (A236/A200) was used to assess the change in the ratio

of isomers.

Water is a stronger acid than alcohols; therefore, protonation of thiourea by water is easier. As a result,
the use of water as a solvent instead of aqueous alcohol medium leads an increase of the thiol form and a de-
crease of the thione form in the composition, respectively (Table 1).

CHEMISTRY series. Ne 3(99)/2020 67



L.E. Kalichkina, A.A. Bakibaev, V.S. Malkov

Alcohols are weaker acids compared to water due to the presence of an alkyl substituent having a posi-
tive inductive effect, which increases the electron density on the oxygen atom and, therefore, reduces the po-
larity of the O—H bond.

The acidity of alcohols decreases from methanol to propanol, therefore, the amount of the thione form
of thiourea increases in the solution.

Table 1
Absorption maxima of thiourea in the water and aqueous alcohol solutions
Dielec- | Absorbance at | Absorbance at | Absorbance at | Absorbance at
tric con-| 200 nm (A;) 236 nm (A,) 200 nm (Aj) 236 nm (Ay)
Solvent stant of without without with with AYA; | Aj/A4
solvent, | hydrochloric hydrochloric hydrochloric hydrochloric
€ acid acid acid acid
Water 81 0,54 0,75 0,55 0,8 1,55 1,45
Water/methanol
60/40 vol. % 33,1 0,58 0,72 0,57 0,83 1,24 1,42
Water/ethanol
60/40 vol. % 243 0,46 0,79 0,57 0,84 1,72 1,40
Water/propanol-1
60/40 vol. % 21,8 0,38 0,92 0,57 0,79 2,42 1,39
Water/propanol-2
60/40 vol. % 18,3 0,38 0,9 1,2 0,63 2,37 0,53

Comparison of the obtained results with reference data on the dielectric constant of solvents (Fig. 4)
shows that when the dielectric constant of solvents is increased, the amount of thione form is increased, and
the amount of thiol form is decreased. These facts are consistent Ref. [5].
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Figure 4. Dependence of thione-thiol forms on dielectric constant of solvents

The addition of hydrochloric acid to the thiourea water or water/alcohols solutions causes an increase of
thione form content and a decrease of thiol form content of thiourea. This is due to the decreases of the sol-
vent autoprotolysis constant, and to the easier protonation of thiourea as a stronger base in alcohols.

The equilibrium between the tautomeric forms of thiourea was studied by Raman spectroscopy since
the thione group has a characteristic intense band corresponding to stretching vibrations of —C=S in the re-
gion of 732 cm ' [10-12]. It is difficult to detect an absorption band with a low intensity in the region of
2800 cm ' for the S—H bond (corresponding to the thiol form of thiourea) due to its overlap with the solvent
bands. The absorption band in the region of 481 cm ' (corresponding to the stretching vibrations of the
—C—N—-C fragment) is overlapped by the absorption bands of propyl and isopropyl alcohols. In view of the
above, the effect of the alcohols only on the thione form of thiourea was considered.
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The absorption band of the thiourea —C=S group in water/alcohol solutions shifts to a long wave region
compared to the same band in water (Table 2). This fact is explained in Ref. [7, 10-12] by the predominance
of the thione form of thiourea in solutions.

The maximum shift of the studied band is observed in isopropyl alcohol, which may be due to the steric
effects and a more specific interaction of thiourea and isopropyl alcohol.

Table 2
Raman bond thione group in the water and aqueous alcohol solutions
—C=S band —C=S band —C=S band —C=S band —C=S band
in water, cm’’ in methanol, cm™ in ethanol, cm™ in propanol-1, cm’ in propanol-2, cm’
731 738 737 737 743

In addition, the intensity of the Raman band of the thione group is decreased with increasing of the sol-
vent dielectric constant. This also indicates the screening of this group due to the solvation by alcohols [12].
The experimental data obtained by Raman spectroscopy are consistent with the results of UV spectroscopy.

Conclusions

The effect of water/alcohol solutions on the thiourea thione-thiol isomerism was studied by Raman and
UV spectroscopies. Using UV spectroscopy, it was shown that the thione form amount is increased in the
water-methanol-ethanol-propanol-isopropyl alcohol row. In the same row, the thiol form amount is increased
with the addition of hydrochloric acid due to the easier protonation of thiourea in water without acid and in
alcohols upon acid addition. It was shown that Raman spectroscopy can be used to determine the thione form
of thiourea accounting for —C=S group.
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JIL.LE. Kamnuknna, A.A. baku6aes, B.C. Manskos

Cy-cnupT epiTinaijiepinge THOMOYEBUHAHBIH THOH-THOJIIbI TAYTOMEPHSCHIH
CIIEKTPJIIK 3epTTey

Maxkamazna KIII (koMOMHAIUSIIBIK DIambIpay) sxoHe YK crekrpockonust opicTepiMeH THOMOYEBHHAHBIH THOH-
THOJIJIbI TAYTOMEPHUSCHIHBIH, TEHe-TEHIrl 3epTTenreH. THOH-THONABI H30MepUsl THOMOYEBHHA MEH Oacka Ja
OpraHMKaJbIK KOCBUIBICTAp apachlHIarbl PEakLUUsSHBIH Oapbichl MeH OarbIThiHAa ocep eredi. THOH-THONABI
M30MEpHSIHBI 3epPTTEy Cy/a JKOHE Cy-CIHPT epiTiHAUIEpiHAe KYPri3iimi, CIUPT peTiHAe METaHOJ, ITaHOI,
nponaHoi-1, nponanoi-2 anbiHAbL. Ty3 KBIIKBUIB Cy/a JKOHE Cy CHMPT epiTiHAiIepiHIe THOMOYEBUHAHBI
NPOTOHAAY VINIH TaimamaHsuiasl.  YK-CHEKTpocKomust Cymarbl JKOHE Cy-CIIUPT  epiTiHALIepiHeri
TayTOMepJep/iH KaTbiHAchiH 236 xoHe 200 HM Ke3iHAE CiHIpY >KOJAKTapbIHBIH KapKBIHABIIBIFBIHEIH
KaTBIHACHI peTiHAe oOpHaTyra MyMKiHAik Oepai. Cy-MeTaHOI-3TAaHOJ-IIPONAHOI-U3OIPONMI  CIHHPTI
KaTapblHAa THOMOYEBHHAHBIH THON ()OpMackl KYPaMBIHBIH apTybl JKOHE THOH (DOPMACHIHBIH a3aiobl
Oaiikamansl. Cyma Hemece Cy-CHHPT epITIHALIEpIHAC THOMOYEBHHANAH TYPATHIH epiTIHALIEpre Ty3
KBILIKBUIBIH KOCY THOMOYEBHHAHBIH THOH ()OPMACHIHBIH YJIFAIOBIHA JKOHE THOJI (DOPMACBIHBIH a3alObIHA
okeneni. KII cniekrpockonust aaicin —C=S Tom 0oiibIHIIIA THOMOYEBHHAHBIH THOH ()OPMACBHIH aHBIKTAY YILIiH
naiipananpiaapl. S—H OaiimaHbIChl CiHIpY KOJAKTapBIHBIH CIIUPTTEPAIH CiHIpY XKOJIAKTapbIMEH KaObUTybIHA
6ailIaHBICTBl THOMOYEBHHAHBIH THON (OPMACHIH KOMOMHAIMANBIK IIANIbIpAy CHEKTPOCKOMHUACH apKbLIbI
AHBIKTay KHUBIH.

Kinm ce30ep: TuoModeBuHa, THOH-THONIBI TayTomepus, KIlI-cnekrpockomus, VYK-cnekrpockommus,
aBTOIIPOTOJIM3 TYPAKTHICHI, THOMOUYEBHHAHBI IIPOTOHAAY, EPITKIII acepi.

JLE. Kanmnukuna, A.A. baku6aes, B.C. ManbkoB

CHeKTpaJ’ILHOG HCccJIe0BaHHe THOH-THOJIbHOM TAYTOMEPHUHA TUOMOYECBUHBI
B BOJHO-CIIMPTOBLIX pacTrBopax

B craTthe uccnenoBaHo paBHOBECHE THOH-THOJBHOM TayTOMEpUU THOMOYEeBHHBI MeTogamMu KP- n Y®-crek-
Tpockonuu. THOH-THONIBHAS U30MEpUs BIMAET HAa XOJ M HAlPaBICHUEC PEAKLUU MEXIYy THOMOYEBUHOH U
JpYyTUMU OPraHU4eCKUMH coeluHeHusMu. MccnenoBaHue THOH-THOJIBHOM M30MEPHUU IIPOBOJAUIM B BOJE U
BOJIHO-CIIIPTOBBIX PAacTBOPAX, B KAUECTBE CIMPTOB OBLIM BHIOPAHBL: METAaHOJN, STaHOJ, NPOMAHoJI-1, mpoma-
HOJ-2. CoJsiHy!0 KUCIIOTY MCHOIB30BAIN I IPOTOHUPOBAHKS THOMOUYEBHHBI B BOJC U BOJHBIX CIIUPTOBBIX
pactBopax. Y®-cneKTpocKonusi IMO3BOJIMIA YCTAHOBUTH COOTHOIIEHHE TayTOMEPOB B BOJE U BOJIHO-
CHHMPTOBBIX PACTBOPAaX KaK OTHOLIEHHE MHTEHCHBHOCTEW monoc moryomieHus mpu 236 u 200 vM. B pagy
«BOJIA — METAHOJI — 3TAHOJ — MPOMAHOJ — U30MPOIHUIOBBIA CIUPT» HAOIIOJAIOTCSA YBEIHUEHHE COJCPKAHUS
TUOJIBHOM (POPMBI 1 YMEHBIIEHHE THOHHON ()OPMBI THOMOYEBHHBI. J[00aBieHne CONIHON KUCIOTHI K PacTBO-
paM, COCTOSIIIIMM U3 THOMOYEBUHBI B BOJE HIIM B BOAHO-CITUPTOBBIX PACTBOpPaX, MPUBOAUT K YBEIUUEHUIO CO-
JeprKaHusl THOHHOU (OPMBI M YMEHBIICHHUIO COAEPKAHMS THOJIBHOU GopMbl THOMOUeBHHBL. Mertox KP-criek-
Tpockormu 1o —C=S rpymnme MoXeT ObITh HCIIOJIB30BaH JUIS ONPEIeICHUs] THOHHOH (POPMBI THOMOYEBUHEL
TronbHyI0 opMy THOMOYEBHHEI TPYAHO ONPEIEIUTH C TIOMOIIBIO CHEKTPOCKONUH KOMOMHAIIMOHHOTO pac-
CEsIHUSA U3-3a IEPEKpPhIBaHMs OJI0CHI OIIOIEeHHs cBs3u S—H ¢ nmosocamMu NOrIoMmEe s CIUPTOB.

Kniouesvie cnosa: THOMOUYEBHMHA, THOH-THONbHas Tayromepus, KP-cmexrpockomus, Y®d-cnekrpockomnus,
KOHCTaHTa aBTONPOTOJIN3a, IPOTOHU3ALUS THOMOYEBHHBI, 3 (PEKThI paCTBOPHUTEIS.
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