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ABSTRACT
The investigation envolved determination of the partial molar volumes v° at

infinite dilution of the dibromo Acetic acid in the thiourea- water mixtures at five
temperatures in the range 293.15-313.15 K and at five compositions in the range 5 to
30 percent by weight thiourea, the concentration of the acid in each solvent mixture
covered the rang 10™ to 0.4 mol dm™.

Densities and viscosities of thiourea-water have been measured at each
temperature for all thiourea-water mixtures as well as for solutions of dibromo acetic
acid. The concentration dependence of densities of dibromo acetic acid solution have
been used to estimate the partial molar volumes.

The volumetric behaviours of thiourea-water have been investigated in terms
of excess molar volume. The variation of the relative excess molar volume of mixture
was found to be due to a volume contraction (negative AV )on mixing the constituents
of the mixture. The results were rationalized in terms of the two models for liquied
water; one maximally hydrogen-bonded and voluminous the other non-hydrogen-
bonded and dense.

The thermodynamic activation parameters (AG”,AH”andAS”) for the ion

flow in thiourea-water could be estimated from the dependence of viscosity on
temperature . the presence of dibromo acetic acid in thiourea-water mixture did not
influence sigificanlty the values of these thermodynamic activation parameters.

The dependence of dynamic viscosities (1;) values on the concentrations (c¢) of
dibromo acetic acid in thiourea-water have been determined, electrolytic solutions of
moderate concentration generally have relative dynamic viscosities (1) which obey
the empirical equation of Jone and Dole.
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INTRODUCTION

It is necessary to investigate such physical properties of the solvent mixtures
such as density and viscosity, accurate density measurements have also been performed
of mixed solvent mixtures and the acid solution in order to determine the partial molar
volume of dibromo acetic acid at infinite dilution.

Determination of the non-ideal behaviour of dibromo acetic acid solutions
through the investigation of the excess molar volumes, temperature dependence of
viscosity and the application of Jones and Dole equation.

(Wen and Saito, 1972) have studied partial molar volumes (V) for some
bromide salts in aqueous solution.

(Das and lves, 1961) have investigated the subsistent effect of halogen atoms in
acetic acid on the dissociation behaviour of the acid in water and in 50 wt°, ethylene
carbonate-water mixture utilizing again electromotive force measurments.

(Shareef, 1994) has evoluted the physical properties of these mixed solvents,
ethylene glycol-water, Glycerol water and urea-water.

Kundu and Mazumar,1973) have examined the thermodynamic behavior of
HCL in different urea-water mixed solvents and in the same solvents, Saleh et al, 2000
the thermodynamic quantities of dichloro acetic acid from conductance measurement.

There is a dearth of knowledge concerning the volume behavior of dibromo
acetic acid in thiourea-water mixture despite numerous similar investigations with
strong electrolytes in such solvent mixtures (Saleh et al, 1990).

EXPERIMENTAL

Thiourea (NH2CSNH,) d 1.405 g.cm™ and dibromo acetic acid (Br,CHCO,H)
were of purum grade chemicals obtained from fluka with purities exceeding 99.6%,
Doubly distilled water with electrolytic conductance of 4 x10” S cm™ were used in the
preparation of the thiourea-water mixtures. Five compositions of the thio-urea-water
mixtures have been investigated in which the weight percentages wt% of thiourea were
5, 10, 15, 20 and 30. The composition of the solvent mixture was also expressed
interms of mole fraction (X3) of thiourea in the mixture.

The dibromo acetic acid solution in thiourea-water mixture at each composition
have been prepared at nine concentrations (C) in the rang 0.005 to 0.4 mol dm™.

Densities were measured with an accuracy of + 5x10 gm cm™ using sprengel
ostwal pycnometer of 25 ml capacity. Duplicate measurments were indentical within in
+0.0003 gram per ml.

Viscosities were measured using ubbelohde suspended level viscometer (type
¢) with time of (85 S) for pure water at 25 C° the viscometer was calibrated with doubly
distilled water at each temperatures, the measuring was repeated several times, the
uncertainty of the viscosity measurments was + 0.1%.

The temperature of thiourea-water mixture or of the dibromo acetic acid
solution was controlled with thermostat to within +0.01C°.

All the solutions and solvent mixtures have been prepared by weight.
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RESULT AND DISCUSSION
Densities (d) viscosities (n) of the solvent mixtures have been measured at five
temperatures involving 293.15, 298.15, 303.15, 308.15 and 313.15K the data obtained

are given in Table (1).

Table (1): Densities d (g cm-3) and viscosities n (cp) of thiourea-water mixtures for
five compositions and at five temperatures. The composition of the
solvent was expressed at weight percentages (wt%) and in terms of mole
fraction (X2) of thiourea in the mixtures

W% 293.15K 298.15K 303.15K 308.15K 313.15K ]
W0 X,
thiourea

EIEIEIEI EREN EREY KN EN

5 0.0123 | 1.0130 | 1.061 | 1.011 [ 1.008 | 1.010 | 0.950 | 1.007 | 0.822 ] 1.0059 | 0.771
10 0.0256 | 1.029 | 1.13 | 1.025( 1.02 | 1.024 | 1.981 | 1.020 | 0.901 | 1.0180 | 0.855
15 0.0400 | 1.046 | 1.270 | 1.039 [ 1.075| 1.034 | 1.002 | 1.0335 | 0.922 | 1.0330 | 0.877
20 0.0558 | 1.0561 | 1.242 | 1.051 | 1.16 | 1.049 | 1.009 | 1.047 | 0.969 | 1.0466 | 0.891
30 0.0730 | 1.088 | 1.931|1.078 [ 1.353 | 1.0779 | 1.136 | 1.076 | 1.003 | 1.0753 | 0.909

Table (2 a, b) gives the measured density and viscosity for dibromo acetic acid
in 15 wight percentage thiourea-water mixture (X, = 0.04). Generally densities and
viscosities increased at constant temperature with increasing concentration of dibromo
acetic acid Fig. (1 a, b).

Table (2): Densities (d) and viscosities (n) of dibromo acetic acid solution in thiourea-
water mixture at five temperatures. The concentration (C) of the acid in
the solutions ranged from 5 to 400 mol dm™

a = Densities

b = Viscosities
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Fig (1-a): Variation of the densities (d) of dibromo acetic acid solutions in thiourea-water mixtures

n (cp)
»
a

~ X X
0.9:*" - I X
0.8
0.7
0.6 T T T )

0 100 200 300 400

C(mol dm?)(x 10°)

qui@" Etﬂ%ys'[@%sra{ﬁ'ﬂ 49) e /a8 90es (m) of dibromo acetic acid solution in
thiourea-water mixtures
d=d, +ac 1)

351



STUDY THE VOLUMETRIC BEHAVIOURS AND VISCOSITY Dunya Edan Al- Mammar
OF DIBROMO ACETIC ACID IN THIOUREA-WATER MIXTURES

filled the data adequately. According to (Root, 1933):

M —d V°

a=——— 2
1000 @)

Where (M) (g.mol™) and (V°) (cm® mol™) are the molecular mass and partial

molar volume at infinite dilution of the electrolyte and d, (gm.cm™) the density of the
solvent mixture. partial molar volumes of dibromo acetic acid obtained from Eqn.(2)
are given in Table (3).

Table (3): Partial molar volumes at infinite dilution (v°) of dibromo acetic acid

solution in thiourea-water mixtures at five compositions and at five
temperatures in the range 293.15K-313.15K.

0 (cm * mol H)ve
W%

. Xz _
Thiourea 293.15K 298.15K [ 303.15K | 308.15K | 313.15K

Values of partial molar volumes at infinite dilution (v°) were close to an

average value of (73) cm® mol™ irrespective of temperature, acid concentration and
solvent composition. The presence of solvent mixture give some reduction in the molar
volume that of ideal molar volume for the acid .Which equal to 76.1 cm® mol™ that
obtained from density and molocular mass for the acid at 298.15K.

There is no similar data in the literature, to be compared with the estimated

value of (\F) in the present work.

The volumetric behavior of thiourea-water mixture have been investigated
interms of the exess molar volume (AV ) (Aprano, 1974) as:

a\Y :Vexp. _Vtheo. (3)

where (Vexp.) is the experimental molar volume in cm® defined by:
Vexp.:(Ml xl +szz)/dlz (4)

and (Vineor) is the theoretical molar volume in cm?® defined by:

Vtheo.:Ml Xl /dl +szzldz (5)
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where (M) is the molecular mass of acomponent, (X) it's mole fraction and (d) it's
density.

The subscripts 1, 2 and 12 denote the property of water, thiourea and their
mixture respectively, in order to compare the results at different temperatures the
relative excess molar volume in percent, was used.

AV, = (4AV /V)100) (6)

The result are shown in Table (4) and Fig.(2) as a function of water mole
fraction (X1) at five different temperatures of thiourea-water mixtures. It can be noted
that there is a volume contraction (negative AV ) and further more the effect is greater
at 313.15K than 293.15K. These result can be rationalized in terms of the two structure
models for liquid water®, one maximally hydrogen bounded and voluminous (Naim,
1972), the other non-hydrogen-bounded and dense. On this basis, the observed
increasing packing density when the non-electrolyte thiourea is added to pure water
must be ascribed to the destruction of the three-dimensional network of hydrogen-
bonding present in pure liquid water. This explanation obtained at 313.15K than at
293.15K. In fact if we assume that the increase in temperature acts on the equilibrium
between the two forms of water in the sense of promoting cluster distegration, we must
expect a lower depolymerization of water by thiourea at the higher temperature. The
increase in temperature acts on the equilibrium between the two forms of water.

Table (4): The experimental (Vexp.,) and theoretical (Vieor) molar volumes and relative
excess molar volume (—AV )e. Of solvent mixtures at different
temperatures

18.338 18.403

18.413 18.463
18.4558 18.4928
18.5127 18.5367

18.5453 18.5628

18.7726 18.8636

18.8379 18.9079
18.8848 18.9438

18.9478 18.994

18.9797 19.0147
19.2358 19.3478

19.3051 19.3951
19.389 19.467

19.4157 19.4809
19.4078 19.4828
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Fig.(2): Values of (AV ) versus water mole fraction (X;)in the solvent mixture for thiourea-
water mixtures at five temperatures .

The dependence of viscosity on temperature may be described by Eyring's equation
(Laider, 1950):

hN AG”

=~ exp (F) (7

Where V is the average molar volume of the solvent mixture at the absolute
temperature (T) from Eqgn.7 we can obtained the free energy of activation (AG™) for

the viscous flow of a solvent such thiourea-water mixture by plotting (log 1) as a
function of (1/T) Table (5) and Fig.(3) values of the enthalpy (AH?”) and entropy

(AS™) of activation may be obtained using the relation (Elsomogy,1978,1969).

AS” =—d(4G™)dt (8)
and
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AH” = AG* +TAS* (9)

Values of (AH”,AG”,AS”) for the viscous flow of the thiourea-water mixtures

are present in Table (6) such data may be compared with those obtained for the solvent
mixtures dissolving various amounts of dibromo acetic acid and similar experimental

condition Table (6). The Gibbs free energy of activation (AG”™) underwent some

reduction with increasing the weight percentage of thiourea in the mixtures indicating a
decrease in the resistance for the viscous flow of the solvent mixtures with the
increasing proportion of thiourea in the mixture. In the presence (2) of acid values of

AG” increased by about 5 kJ.mol™ at the relatively higher values of X,. The flow thus

encounter a greater resistance in the presence of the acid in the solvent mixture. The
viscous & low of the solvent mixture is thus easier as compared with the flow of the
acid solution.

Values of enthalpies of activation Table (6) increase with increasing values of
Xo.

Table (5): (log n) values of thiourea-water mixtures from (0.05-0.3) wt% at 298.15K
at five temperatures

(logn)

e

0.003411 0.02268

0.00335 0.0421
0.00398 0.0676
0.00325 0.0861

0.00319 0.145
= 0.05%
02 - & 0.1%
0.15 "
g o .t = 0.15%
= " - . 02%
- -0.05 1 /_H/_H/_/ *
0.1 . _
015 - ,'_/_(—/_4/'4
":l: 1 T 1
1] 2 i &
The greater 1T (K1 x108 alues of X;
suggests that the gr »in strength

as the weight percent f thiourea= in the thiourea-water mixtyre i Th
B (R P L L B e s Sl e

increasing thiourea proportion as compared with the transition state mixture. A small
increase in the degrees of freedom on passing from the ground to the transition-state in
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the activation process may be founded from the entropy of activation values (AS™)
(Table (6)).

Table (5): Thermodynamic activation parameters (AG”,AH”andAS™) for the viscous

flow of thiourea-water mixtures in the absence (1) and the presence (2) of
dissolved dibromo acetic acid over the temperatures range (293.15-
313.15 K) the composition of the solvent is expressed in weight
percentage (Wt %)as well as in mole fraction (X;) of thiourea in the
thiourea-water mixtures

1 -1 e
Wit % AG” [ kJmol AH” /[ KJmol AS” [/ Imol K

16.186

14.3257

14.8567

15.778

15.285

Electrolytic solution of moderate concentration generally have relative dyamic
viscosities which obey the empirical equation of Jones and Dole (Erod, 1974) :

n, =1 =1+ ACY? +BC (10)

Where n is the measured viscosity of the electrolyte solution , no is the
viscosity of pure solvent at the same temperature , A and B are empirical constants
independent of the concentration of the given system Eqn.10 may be by written as:

(n, —1)/C"? = A+BC*? (11)
Table (7) shows of (n-1) / ¢ value for dibromo acetic acid in the thiourea-

water mixtures (0.05-0.3) wt% at 298.15K. By plotting (n,-1)/C* as a function of
c!2astraight line is obtained with a slop B and an intercept A Fig.(4).

Table (7): Values of (n,-1)/C¥? and C'? for dibromo acetic acid thiourea in the
thiourea-water mixtures (0.05-0.3)wt% at 298.15K.

(ﬂr _1)/C1/2
0.05wt% §f 0.1wt% [ 0.15wt% || 0.2wt% §| 0.3wt%

C 1/2
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-0.01919
0.101
0.261
0.400

n-1/(c*?)

0.8

Fig.(4): Values of (n,-1)/C*? plotted versus C'* for dibromo acetic acid in thiourea-

water mixtures from 0.05wt%, 0.1wt%, 0.15wt%, 0.2wt%, 0.3wt% at
298.15K

Table (8) shows the values of Jones and Dole equation A,B.

Table (8): Constants of Jones and Dole of dibromo acetic acid in solvent mixtures at
298.15K

0.11635
0.9666
1.4566
1.4582
0.8725

The dependence of n, values on the concentration (C) of the acid in the solvent
mixture indicated in Fig(5) at constant temperature, the values m, increased as the

concentration of the dibromo acetic acid, this is likely to be due to the lower viscosities
of the solvent mixture.

r
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CONCLUSIONS

Densities and viscosities of thiourea-water mixture generally increased with
increasing amount of thiourea in the mixture. This is reflected in the excess molar
volumes implying non-ideal behaviour of thiourea mixture.

Densities of dibromo acetic acid in thiourea-water mixtures increased with
increasing concentration of dibromo acetic acid in the solution. A similar trend was
observed for the viscosity variation of dibromo acetic acid solution in the thiourea-
water mixtures.

The concentration dependencies of the relative viscosities of dibromo solutions
in thiourea-water mixtures followed Jones and Dole equation.
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