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ABSTRACT

The enthalpies of solution and dilution of thiourea (TU) and hydroxyurea (HU), in
aqueous 1.0, 2.0, 3.0, 4.0 and 5.0 mol U kg~! H,O solutions of urea (U), were measured at
298.15 K. The enthalpic pair interaction coefficients of urea derivative molecule—urea
molecule were determined {3], using the standard values of solution enthalpy of thiourea and
hydroxyurea in water [1,2] and in aqueous solutions of urea.

INTRODUCTION

The present study is a continuation of thermodynamic investigations on
aqueous urea solutions [1,2,4]. The aim of this research was to determine
interactions between urea and its derivatives in aqueous solutions.

EXPERIMENTAL

Urea (puriss, POCh, Poland), thiourea (puriss, POCh, Poland) and hy-
droxyurea (Polfa, Poland) were crystallized twice from ethanol and dried
under reduced pressure at 333 K. The calorimetric measurements were
conducted in an “isoperibol” calorimeter. A heater, sunk into a 15-ohm glass
jacket, was placed in a 120-cm® glass vessel.

The calorimetric vessel, containing two thermistors (10 kohm each) en-
cased in stainless chrome steel, and a stainless chrome steel stirrer, was
stopped with a teflon stopper. The ampoule containing the substance under
study was attached to the stirrer. The thermistors were connected to an
astable multivibrator system generating a rectangular wave whose frequency
is a function of the temperature inside the calorimeter. Changes in the
frequency of the wave were determined using a Digital Frequency meter
(type PFL-21; Kabid, Poland) with a digital readout. The sensing elements
were sensitive to ca. 5 X 107° K. The calorimeter was placed in a water
thermostat whose accuracy was ca. 1 X 1073 K.
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RESULTS AND DISCUSSION

The enthalpies of thiourea and hydroxyurea solutions, in aqueous 1.0, 2.0,
3.0, 4.0 and 5.0 mol U kg~ ! H,O solutions of urea in the range of urea
concentrations from 0.005 to 0.1 mol kg~!, were determined (Tables 1 and
2). Measurements of the enthalpies of dilution, AH,, of the above systems
were also made in the range of solvent concentrations from 0.1 to 2 mol
(TU, HU) kg~ . The plots of AH, = f(m) are shown in Figs. 1 and 2. As the
urea content in the solvent increases, the solution enthalpies (A H,) for both
urea derivatives decrease (Figs. 1 and 2). On the basis of the solution
enthalpy values obtained, standard enthalpies of solution of thiourea and
hydroxyurea in aqueous solutions of urea were determined graphically
(Tables 1 and 2). The standard enthalpies of transfer were determined, using
the standard enthalpies of solution of thiourea and hydroxyurea in water
{1,2] and in water—urea mixtures.

AH?(W—»W+U) = AH:?(W+U) - AH:?(W)

where Y is thiourea (TU) or hydroxyurea (HU); AHg, are standard
enthalpies of dissolution of thiourea or hydroxyurea in water [1,2]; AHZ . v,
are standard enthalpies of solution of thiourea or hydroxyurea in aqueous
urea solutions.

The standard enthalpies of transfer were used to obtain enthalpic pair
interaction coefficients for urea molecule—urea derivative molecule [3] (Table
3)

AHY
my

=2hyy +3hyuymy

where m,, molal concentration of urea (mol U kg~' H,0). Negative hy
values may be taken as indicative of strong interactions among the molecules
dissolved in water.

It follows from an earlier study [2] that, contrary to what might be
expected, the more negative sy 1y values, in comparison with the hyy gy
and hy; , values, do not constitute proof of energetically stronger interactions
between two thiourea molecules than between urea or hydroxyurea mole-
cules. A thiourea molecule may form a smaller number of weak hydrogen
bonds [5] than a urea [6] or hydroxyurea {7] molecule. For this reason,
thioderivative molecules should exhibit weaker interactions with one another,
as well as with molecules of a different type in the solution, than urea or
hydroxyurea molecules. Smaller negative 4, values for hydroxyurea and
urea might be related to the weakening of the interactions among their
molecules due to their entering into strong interactions with water. In the
case of weak interactions between thiourea and water, interactions among
thiourea molecules, regardless of their nature, are most likely in this system.

Consequently, the 4 values for thiourea in water [2] are larger on the
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Fig. 1. Enthalpies of dilution of thiourea, A Hy, in water and aqueous urea solutions. H,O [1],
1) 1,22, (3) 3,(4) 4, and (5) 5 mol U kg™ ! H,0.
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Fig. 2. Enthalpies of dilution of hydroxyurea, AH,, in water and aqueous urea solutions. H,O
2, (1) 1,(2) 2, (3) 3, (4) 4, and (5) 5 mol U kg~ ! H,O0.
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TABLE 3

Experimental and calculated enthalpic pair interaction for urea—urea derivative in water
solution at 298.15 K

Solute huy hEs
water—urea (J kg mol ~2) (J kg mol ~2)
Thiourea (TU) —650 —615
Hydroxyurea (HU) -390 —419

negative side than those for hydroxyurea [2] or urea [8]. This, however, does
not indicate that the interactions among thioderivative molecules are stronger
than those among urea or hydroxyurea molecules.

The larger negative values of, enthalpic pair interaction coefficients for
hydroxyurea, in comparison with urea, may be due to energetically stronger
interactions among hydroxyurea molecules [8,9].

In three-component systems, the more negative values of the coefficients
hy 1y indicate stronger interactions between thiourea than between hydroxy-
urea and urea. Possibly, in the case of systems containing hydroxyurea,
competitive interactions among hydroxyurea water molecules take place.
This is suggested by the smaller negative values of the enthalpic pair
interaction coefficients for Ay, 4, in comparison with those for Ay 1.

Using the assumption of Barone et al. [9] we calculated the enthalpic pair
interaction coefficients, 7y, on the basis of the enthalpic pair interaction
coefficients for molecules of the same substance (4, = —350 J kg mol 2
[8], Apyru = —1078 J kg mol ™2 [2], Ay yy = 503 J kg mol 2 [2])

h“f}‘.% = [ h U,UhY,Y] s

The calculated values of &,y are in good agreement with those obtained in
this study (Table 3).
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