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ABSTRACT 

The investigation envolved determination of the partial molar volumes oV  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 10-3 to 0.4 mol dm-3. 

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 V )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 ( ) 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. 

  SandHG ,

The dependence of dynamic viscosities (ηr) 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 (ηr) which obey 
the empirical equation of Jone and Dole. 

 
  الخلاصة

يتضمن البحث ايجاد الحجم المولي الجزيئي عند التخفيف النھائي لحامض ثنائي بروميد حامض الخليѧك 

)o

V

V (دىѧѧن المѧѧة مѧѧات حراريѧѧس درجѧѧي خمѧѧاء فѧѧا والمѧѧاليط الثايويوريѧѧي مخѧѧف  )ى 293.15ѧѧن  ) 313.15 الѧѧكلف

 الѧى 5وبأستخدام خمس تراكيب مختلفة من مخاليط الثايويوريا والماء تراوحت النسبة المئوية للثايويوريا فيھا من 
وتѧم قيѧاس الكثافѧة .مѧول للديѧسيمتر المكعѧب ) 0.4 الѧى 310- (   وتراوحت تراكيѧز الحѧامض فѧي محاليلھѧا % 30

واللزوجة لكل مخلوط في كل درجة حراريѧة كمѧا جѧرى قيѧاس الكثافѧة واللزوجѧة لكافѧة محاليѧل الحѧامض فѧي ھѧذه 
وأمكن دراسة أعتمادية كثافة المحاليل على تراكيز الحامض الذائب فيھا وأمكن دراسة السلوك الحجمѧي .المخاليط 
ثايويوريا مع الماء بدلالة الفيض الحجمي المولي وكان التغير الحاصل في فѧيض الحجѧم المѧولي النѧسبي لمخاليط ال

(للمخاليѧѧك ناجمѧѧا عѧѧن الѧѧتقلص الѧѧذي يحѧѧدث فѧѧي الحجѧѧم 

 348

مѧѧن جѧѧراء مѧѧزج مكونѧѧات المخلѧѧوط وفѧѧسرت )  سѧѧالب
ѧذي يكѧاء الѧدروجيني النتائج بدلالة الانموذجين المعروفين لتركيب المѧر ھيѧصى تآصѧي أقѧداھما فѧي احѧاء فѧون الم

  .وحجم كبير بينما أشتمل الاخر على مقدار أقل من التآصر الھيدروجيني وكثافة اكبر
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وساعدت هذه المعلومات في الحصول على معلمات التنشيط الثرموديناميكية  لنسيةياا اللجو ةي لمطلةو  

الثايويوريا والمةا  فةي ايةاا وو ةود الحةامك ويلةر فةي دراسة  اعتمادية  اللجو ة  علةى در ة  الحةرار  ا  و ةود 

 . حامك ثنائي برومو حامك الطلير لم يؤثر بشكل ملحوظ على قيم معلمات التنشيط

وقد امكن ايجاد اعتماد قيم اللجو   الدينمي  على تركيج ثنائي بروميد حامك الطلير في مجيج الثايويوريةا 

والما  و تبين ا  المحاليل الالكتروليتي  المتوسط  التركيج االبا مةا تمتلةر لجو ة  دينمية  واالبةا مةا تطاةل لمعادلة  

  وسجدول.

 

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 Ives, 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
o
/o 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 (NH2CSNH2) d 1.405 g.cm
-3

 and dibromo acetic acid (Br2CHCO2H) 

were of purum grade chemicals obtained from fluka with purities exceeding 99.6%, 

Doubly distilled water with electrolytic conductance of 4 x10
-7

 S cm
-1

 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 (X2) 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
-3

. 

Densities were measured with an accuracy of   5x10
-5

 gm cm
-3

 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 

c) with time of (85 S) for pure water at 25 C
o
 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
o
 . 

All the solutions and solvent mixtures have been prepared by weight. 
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RESULT AND DISCUSSION 

Densities (d) viscosities (η) 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  (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% 

thiourea 
X2 

293.15K 298.15K 303.15K 308.15K 313.15K 

d  d  d  d  d  

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 (X2 = 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 () 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
-3 

 

a = Densities 

(d) gm cm
-3 C10

3
 

mol dm
-3 T5 T4 T3 T2 T1 

5..0.1 5..0.5 5..0.. 5..0.1 5..011 1 
5..05. 5..0.1 5..0.1 5..0.1 5..0.1 5. 

5..011 5..0.. 5..015 5..01. 5...5. .. 
5..001 5..0.. 5..0.. 5..0.1 5...1. .. 
5..0.1 5..011 5...55 5...51 5..... 1. 
5..011 5..0.. 5...1. 5...11 5...1. 5.. 
5..... 5..... 5....1 5...11 5..1.. 1.. 
5..... 5....1 5..1.. 5..1.1 5..1.1 0.. 
5..151 5..11. 5..1.1 5..1.1 5...11 ... 

 
 

 

 

b = Viscosities 
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(η)(cp) C10
3
 

mol dm
-3

 T5 T4 T3 T2 T1 

0.8650 0.9500 1.0350 1.1550 1.31713 1 
0.8699 0.9955 1.0411 1.1590 1.3012 5. 
0.8601 0.9600 1.0500 1.1611 1.3201 .. 
0.8700 0.9650 1.0551 1.1701 1.3250 .. 
0.8750 0.9700 1.0600 1.1780 1.3300 1. 
0.8811 0.9750 1.0650 1.1820 1.3350 5.. 
0.8981 0.9850 1.0950 1.2150 1.3550 1.. 
0.9211 0.9910 1.1251 1.2463 1.3850 0.. 
0.9250 1.1200 1.1500 1.2750 1.4200 ... 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

for all the systems: (Fig. 1a) the equation: 

 

acdd o                   (1) 
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Fig (1-a): Variation of the densities (d) of dibromo acetic acid solutions in thiourea-water mixtures 

Fig (1-b): Variation of the viscosities (η) of dibromo acetic acid solution in 

thiourea-water mixtures  
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filled the data adequately. According to (Root, 1933): 

 

1000

o

o VdM
a


                 (2) 

 

Where (M) (g.mol
-1

) and ( oV ) (cm
3
 mol

-1
) are the molecular mass and partial 

molar volume at infinite dilution of the electrolyte and do (gm.cm
-3

) 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 ( oV ) of dibromo acetic acid 

solution in thiourea-water mixtures at five compositions and at five 

temperatures in the range 293.15K-313.15K. 

 (cm 
3
 mol 

-1
) oV  

X2 
wt%  

Thiourea .1.313  K .1.313K .1.313 K 51.313 K 51.313K 

.1... ..... .5.1. ..... .1..55 0.0123 1 

...5. ...5. ...05 ...1. .0.1. 0.0256 5. 

..... .1... ....1 .5.15 .5... 0.0400 51 

...15 ...1. .0.11 .1... .5.1. 0.0558 1. 

.1... ....1 ...10 ....1 ..... 0.0730 0. 
  

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

average value of (73) cm
3
 mol

-1
 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
3
 mol

-1
 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 (
oV ) in the present work. 

  The volumetric behavior of thiourea-water mixture have been investigated 

interms of the exess molar volume ( V ) (Aprano, 1974) as: 

 

..exp theoVVV                  (3) 

 

where (Vexp.)  is the experimental molar volume in cm
3
 defined by: 

122211.exp /)( dXMXMV                 (4) 

 

and (Vtheor) is the theoretical molar volume in cm
3
 defined by: 

 

222111. // dXMdXMVtheo               (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. 

)100)/( VVVrel                 (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 V ) 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
(9)

, 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 (Vtheor.) molar volumes and relative 

excess molar volume ( V  )rel. of solvent mixtures  at different 

temperatures 
 

( V  )rel. V  Vtheor.(cm
3
) Vexp.(cm

3
) T (K) wt % 

0.3536 ....1 51...0 51.001 1.0.51  
...1 

 
 
 

0.2708 ...1 51...0 51..50 1.1.51 
0.2000 ...0. 51...11 51..111 0.0.51 
1.2945 ..1. 51.10.. 51.151. 0.1.51 
0.0943 ...5.1 51.1.11 51.1.10 050.51 
0.483 ....5 51.1.0. 51...1. 1.0.51  

..5 
 
 
 

0.370 .... 51..... 51.10.. 1.1.51 
0.3114 ...1. 51...01 51.11.1 0.0.51 
0.243 .....1 51.... 51....1 0.1.51 
0.184 ...01 5...5.. 51..... 050.51 
0.579 ..551 5..0..1 5..1011 1.0.51  

..51 
 
 
 

0.464 .... 5..0.15 5..0.15 1.1.51 
0.401 ....1 5..... 5..01. 0.0.51 
0.335 ....11 5...1.. 5...51. 0.1.51 
0.295 ...1.1 5...111 5.....1 050.51 
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0.616 ..51. 1..51.1 1....11 1.0.51  
..1 

 
 
 

0.595 ..51 1..51.5 1...0.5 1.1.51 
0.594 ..51. 1..5.55 1....55 0.0.51 
0.470 ....11 1..1.10 1..5105 0.1.51 
0.436 ...111 1..1... 1..510. 050.51 
0.849 ..5.. 15....1 1...511 1.0.51  

..0 
 
 
 

0.800 ..5.. 15.551. 1...... 1.1.51 
0.763 ..5.55 15.5..5 1...11 0.0.51 
0.663 ..5... 15.1515 15...51 0.1.51 
0.66 ..5..1 15.1.5. 15.5.51 050.51 

 

 

 
 

 

 
 

 

 
 

 
 

 
 

 

The dependence of viscosity on temperature may be described by Eyring's equation 

(Laider, 1950): 

 

)exp(
RT

G

V

hN





                 (7) 

 

 Where V is the average molar volume of the solvent mixture at the absolute 

temperature (T) from Eqn.7 we can obtained the free energy of activation ( G ) for 

the viscous flow of a solvent such thiourea-water mixture by plotting (log η) as a 

function of (1/T) Table (5) and Fig.(3) values of the enthalpy ( H ) and entropy 

( S ) of activation may be obtained using the relation (Elsomogy,1978,1969). 

 

dtGdS )(                     (8) 

and 

Fig.(2): Values of ( V ) versus water mole fraction (X1)in the solvent mixture for  thiourea-

water mixtures  at five temperatures . 
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  STGH                  (9) 

 

 Values of (   SGH ,, ) 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 ( G ) 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 
G  increased by about 5 kJ.mol

-1
 at the relatively higher values of X2. 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 

X2. 

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

at five temperatures 

(1/T) K
-1 

(log η ) 

0.05wt% 0.1wt% 0.15wt% 0.2wt% 0.3wt% 

0.003411 0.02268 -0.0296 -0.0825 -0.1204 -0.1618 

0.00335 0.0421 -0.0237 -0.0704 -0.1227 -0.1545 

0.00398 0.0676 0.035 -0.0489 -0.08 -0.14 

0.00325 0.0861 0.0314 -0.025 -0.059 -0.1074 

0.00319 0.145 0.0552 -0.0262 -0.025 -0.0752 

 
 

 

 
 

 

 
 

 
The greater endothermic character of the viscous flow at a higher values of X2 

suggests that the ground-state solvent mixture (Feakin et al., 1986) increases in strength 

as the weight percentages of thiourea- in the thiourea-water mixture increases. The 

components of the solvent mixture becomes in a stronger bonding condition with 

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 

 
 

103 

Fig.(3): (log η ) values plotted against 1/T of thiourea-water mixtures  from (0.05-0.3) wt%. 
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the activation process may be founded from the entropy of activation values ( S ) 

(Table (6)).  

 

Table (5): Thermodynamic activation parameters (   SandHG , ) 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 (X2) of thiourea in the 

thiourea-water mixtures  

11/  KJmolS  1/  KJmolH  1kJmol/G   
X2 

Wt % 

thiourea 
(2) (1) (2) (1) (2) (1) 

.1..0 .1.0. 5..51. 5..05 55.110 55.1. 0.0123 1 

.1... .0... 5..011. 51.5. 5....1 ..5.. 0.0256 5. 
....4. ...55 5..11.. 5...1 5..5.. ..1. 0.0400 51 
.1..1. .1.11 51...1 5...1 51...0 5.... 0.0558 1. 
....1. ..... 51.111 51..1 5..1.. ...1 0.0730 0. 

 Electrolytic solution of moderate concentration generally have relative dyamic 

viscosities which obey the empirical equation of Jones and Dole (Erod, 1974) : 

 

BCAC
o

r  2/11



              (10) 

 

 Where η is the measured viscosity of the electrolyte solution , ηo 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: 

 
2/12/1/)1( BCACr               (11) 

 

 Table (7) shows of (ηr-1) / c
1/2

 value for dibromo acetic acid in the thiourea-

water mixtures  (0.05-0.3) wt% at 298.15K. By plotting (ηr-1)/C
1/2

 as a function of 

c
1/2

astraight line is obtained with a slop B and an intercept A Fig.(4). 

 

Table (7): Values of (ηr-1)/C
1/2

 and C
1/2

 for dibromo acetic acid thiourea in the 

thiourea-water mixtures  (0.05-0.3)wt% at 298.15K.  

(ηr -1) / C 
1/2 

C
 1/2 

0.3wt% 0.2wt% 0.15wt% 0.1wt% 0.05wt% 

-0.025 -0.42 -0.4688 -0.23 -0.4915 ...... 
...11 -0.33 -0.35 -0.17 -0.4509 ..5.1 

..5.11 -0.23 -0.261 -0.08 -0.3490 ..1 

..5... -0.1889 -0.1018 -0.025 -0.2751 ..1... 
..51 -0.12 -0.1319 -0.01 -0.3574 ..1111 
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...5.0 -0.0563 -0.01919 0.0196 -0.1698 ..05.1 
..11 0.0825 0.101 0.1056 -0.075 .....1 
...11 ..0.. 0.261 ..11. -0.0767 ..1.. 
...1 ...11 0.400 ..01 0.1505 ...011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

B A wt% 

..55.01 ..1110- ...1 

...... ..11..- ..5 
5..1.. ..110.- ..51 
1.4582 ..11.1- ..1 
..1.11 -0.6060 ..0 

 

 The dependence of ηr values on the concentration (C) of the acid in the  solvent 

mixture indicated in Fig(5) at constant temperature, the values ηr  increased as the 

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

of the solvent mixture. 
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 plotted versus C
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 for dibromo acetic acid in thiourea-

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