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Abstract : Thesolubility of thioureaintriglycol has
been determined during acertain temperature range.
The experimental data has been correlated with the
modified Apd blat equation. Thedissolutionenthdpy and
dissolution entropy have been calculated from the ex-
perimental data. The mutual interactions between sol-
vent and solute have been discussed in brief. Thedata

INTRODUCTION

Thioureaisanimportant raw material,whichis
used in the synthesis of medicine, dyeware, dyeing
auxiliaries, resin and compression moulding pow-
der. Meanwhile, it also can work as vulcanization
accelerator of rubber, flotation agents of metallic
mineral, catalysts of the preparation of phthalic an-
hydride and fumaric acid, and rust inhibitor of men-
tal. Owing to the extensive use of thiouresa, it’ssig-
nificant to know its solubility inthe solvents during
itsproduction and separation. Inthisarticle, we stud-
ied the solubility of thioureain puretriglycol and the
thermodynamic functions of the process, dissolution
enthal py and dissol ution entropy, which may pro-
vide some essential datafor the analysis of energy
consumption.

can be used for the preparation of thiourea, for ex-
ample, methylthiouracil and thiamazole.
© Global Scientificlnc.

K eywor ds: Solubility; Thiourea; Dissolution en-
thal py; Dissolution entropy; Triglycol.

EXPERIMENTAL

Materials

Thiourea, andtriglycol wereof andytica grade, and
they wereall obtained from Shanghai Chemical Re-
agent Co. and had the massfraction purities of 0.995.

Solubility measur ement

The solubilitiesof thioureain puretriglycol were
measured by asynthetic method at atmospheric pres-
surewhich can beseeninthepreviousarticle.

Test of apparatus

To provethefeasibility and the uncertainty of the
measurement, the solubility of NaCl inwater wasmea:
sured and compared with the values reported in the
literature™. Theexperimenta dataagreed withthere-
ported valueswithamean relativedeviation of 0.18 %
and 2.5 %, respectively.
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RESULT AND DISCUSSION

Themeasured solubilitiesof thioureain puretriglycol
solution at different temperatures can be seenin the
TABLE 1. Thetemperature dependence of thioureain
puretriglycol isdescribed by the modified Apelblat
equation(4®

B
Inx=A+——+CxIn(T/K
nx T xIn( ) (@8]

Wherexisthemolefraction solubility of thiourea, Tis
the absolute temperature, and A, B, C arethe model
parameters, which can be obtained from optimization
andfitting.

TABLE 1: Molefraction solubilitiesof thioureain triglycol

T/IK X Xe 100RD T/K X Xc  100RD

series of equations. According to a pseudochemical
reaction process, thefundamental thermodynamicre-
lation and the derivation®4, the molar enthal pi es of
dissol ution AsolH and themolar entropy of dissolution
A_,S can be obtained:

Aw,H=RxTx(C—$) )

ASD,S:Rx(C—%) ©)

Accordingto theparameters of modified Apelblat
equation listed in TABLE 2, A_H and A_;S can be
cdculated by Equation (3) and Equation (4), whichare
lisedinTABLE 3

TABLE3: A_H(kJmol*) andA_,S(J mol*K) for thioureain
triglycol

318.35 0.4561 0.4694
321.65 0.4653 0.4715
324.55 0.4691 0.4737
327.15 0.4749 0.4762
331.05 0.4778 0.4805
333.55 0.4839 0.4836
335.95 0.4845 0.4869

Thevauesarelistedin TABLE 2.
TABLE 2: Parametersof thioureain puretriglycol

A B C R? 10°RMSD 10°RAD
-85.07 3870.83 1252 0.981 6.137 0.932

-2.92 339.35 04922 04922 O

-1.33 342.65 0.4957 0.4977 -04
-098 34555 05 05031 -0.62
-0.27 34895 05058 0.51 -0.83
-0.57 352.15 0.5109 0.5168 -1.15
0.06 354.85 0.5155 0.5231 -1.47
-0.5 357.75 0.5195 0.5302 -2.06

Therdativedeviation (RD), root-mean-square-de-
viation (RMSD), andrelativeaveragedeviation (RAD)
aredefined inthe previousarticles. RD between the
experimental valuesand thecal culated valuesarelisted
inTABLE 1,andRMSD, RAD arelistedin TABLE 2.
Seenfrom TABLE 1, it can befound that the experi-
mental datashow good agreement with the calculated
solubilitieswhilethelargest absolutevalueof RD is
2.92%, and the overall RM SD of the 14 data points
which are correl ated with the modified Apel blat equa-
tionfor thioureadissolvingin puretriglycol. TheRAD
isonly 0.932 %, and RMSD isjust 6.137%o, which
indicatethat theApelblat equationisfit to correl atethe
solubility dataof thioureain puretriglycol.

Thermodynamicfunctionsreaed with solubility are
mainly dissolution enthal py and dissol ution entropy,
namely AH and AS, which can be obtained through a

TIK (kj' ?#;rl) o nfoT’llSK‘l) K (kj' ?#;rl) o nfoT’llSK‘l)
31835 096 300 33935 314 9.25
32165 129 403 34265 348 10.17
30455 160 493 34555 378 10.96
30715 187 572 34895 414 11.86
33105 228 687 35215 447 12.70
33355 253 760 35485 475 13.39
33595 278 829 35775 505 1413

It can be seenfrom TABLE 3that bothA_H and
A Sincrease whenthetemperatureincreases. Also,
from TABLE 3, wecan seethat the process of thiourea
dissolvinginpuretriglycol at thetemperaturerangeis
endothermic, A_H>0.

Thioureaneedsto absorb energy to overcomethe
Interactions between the sol utesmol ecular when thio-
ureadissolvesin puretriglycol, thusthioureamolecular
can diffuseinto solvent. Itisaphysical process, and
has an endothermic effect. Meanwhile, owing to the
oxhydryl exigtingintriglycol molecular andamidogenin
thioureamol ecular, the dissol ution process of sucha
solutein solventsinvolves someforcessuch as sol vent
pol arization, hydrogen bond, el ectrostatic, and stereo-
scopic effect, etc, which makethe process exothermic.
Onthewhole, the processisendothermic, and therea
son might attributeto thefact that theinteractionsof the
solute thioureamol ecular are more powerful than the
Interacti ons between the thioureamol ecular and the
triglycol; soin order to overcometheinteractions be-
tween the solute molecul ar, the system needsto absorb
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heat from the surroundings. Therefore, theprocessis
an endothermic effect. Asfor thedissol ution entropy
A S, entropy isdefined asthe degree of chaos of the
system. Before adding sol utethioureainto the sol vent
triglycol, thesystemisin order, and hasavery low de-
greeof chaos. However, after putting thesoluteintothe
solvent, the solute molecular disruptstheaignment of
the solventsmol ecular and thereforethe degree of the
system reduced whilethioureadissolvesin puretriglycol.

CONCLUSION

Thesolubilitiesof thioureain puretriglycol were
measured, and the experimenta datawere correlated
withtheA pelblat equation, and thedissol ution entha py
A _Handdissolutionentropy A_ Swereestimated. The
RAD is0.932%, and RM SD is6.137 %o, which indi-
catethecd culated datashow good agreement with the
experimental data. ThepositiveA_H andA_ Sreved
the processisendothermic and entropy-driven. Theex-
perimentd solubility and corrdation equationinthiswork
can be used as essential and basic datafor the prepa-
ration of thiourea, for example, methylthiouracil and
thiamazole.
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