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THERMODYNAMIC INVESTIGATION OF THIOUREA IN WATER SOLUTIONS*

R e la t iv e  p a r t i a l  m o lal e n th a lp ie s  o f  th io u r e a  and  w a te r  
and  e x c e s s  o f  r e l a t i v e  p a r t i a l  m o lal e n tro p y  o f  w a te r  were 
d e te rm in e d  from  e n th a lp i e s  o f  s o lu t io n  o f  th io u r e a  in  wa
t e r  w ith in  th e  te m p e ra tu re  ra n g e  2 93 . 15- 3 3 3 .1 5  K.

I n t r o d u c t io n
i -L-........ . * 1

The aim  o f  t h i s  work was to  i n v e s t i g a t e  th e  aqueous s o lu t io n s  
o f  th io u r e a  from  th e  therm odynam ic p o in t  o f  v iew . E n th a lp ie s  o f  
s o lu t io n  and d i l u t i o n  o f  th io u r e a  (TU) in  w a te r  [ 1 ]  were d e t e r 
m ined w ith in  th e  te m p e ra tu re  ra n g e  2 9 3 .1 5 -3 3 3 .1 5  K.

R e s u l t s  and d is c u s s io n

On th e  b a s i s  o f  th e  o b ta in e d  i n t e g r a l  e n th a lp i e s  o f  d i l u t 
io n  (A H ) [ 1 ]  r e l a t i v e  p a r t i a l  m o la l e n th a lp ie s  o f  th e  s o l 
v e n t  (L.,) and o f  th e  s o lu t e  (Lg) w ere c a l c u l a t e d  i n  T ab le  1 .

R e la t io n  L1 -  f ( T ) ,  d e s c r ib e d  by a th i r d - d e g r e e  p o ly n o m ia l, 
e n a b le s  u s  t o  c a l c u l a t e  th e  a c t i v i t y  o f  w a te r  by means o f  G ibbs 
and H elm h o ltz  [2 , 3 ]  fo rm u la :

* T he p r e s e n t  work h a s  been c a r r i e d  o u t  and su p p o r te d  w ith in  
t h e  fram ew ork o f  r e s e a r c h  on In te r d e p a r tm e n t  P rob lem  M R-I-1 1 .



R e la t iv e  p a r t i a l  m o lal e n th a lp i e s  o f  aq u eo n s th io u r e a  s o lu t io n s

1 2 9 3 .1 5  K 2 9 8 .1 5  K 30 3 .1 5  K
m

L1 - L2 L1 - l 2 L 1

m o le /k g J /m o le

0 .1 0 .2 1 0 2 2 3 7 .2 0 .1 0 5 6 2 0 8 .5 0 .1 7 4 0 195 .3
0 .2 0 .7 8 8 5 4 5 2 .4 0.7101 4 0 3 .3 0 .6 6 7 0 3 7 8 .3
0 .3 1 .6653 6 4 7 ,7 1 .528 5 8 5 .3 ' 1 .4382 5 4 9 .9
0 .4 2 .7 8 3 2 8 2 5 .4 2 .6 0 0 7 5 5 .6 2 .4 5 0 6 71 0 .7 7

0 .5 4 .0 9 7 0 9 8 7 .7 3.8911 9 1 5 .0 3 .6709 8 6 1 .4 7
0 .6 5 .5736 1136 .9 5 .3712 1064 .6 5 .0693 1002 .7

0 .7 •7 .1 9 1 2 1275 .3 7 .0 1 6 0 1205.1 6 .6 2 0 0 1135 .3
Ô.8 8 .9 4 3 6 1405.0 8 .8 0 6 0 1 3 3 7 .7 8 .3 0 0 9 125 9 .8

0 .9 10 .083 1528 .3 10 .726 1463.1 10 .093 137 6 .9

1 .0 12 .8 7 2 1647 .6 12 .7 6 8 158 2 .5 11 .983 148 7 .3
1 .2 17 .530 1382 .6 17 .2 0 4 1 8 0 6 .6 16.011 1690 .9
<! .4 ?3 .2 8 6 2128.1 2 2 .1 4 2 2 0 1 7 .6 2 0 .3 4 2 1876 .0
1 .6 2 7 .6 9 0 22 2 2 .9 24 .9 9 0 2 0 4 8 .2
i.e f 3 4 .0 4 0 24 3 0 .2 30 .0 3 2 2 2 1 2 .8

2 .0 3 5 .6 0 0 2 3 7 5 .5



5 1 3 .1 5  K 323 .1 5  K 333. 15 K

m
L1 - 4 E1 - e 2 h - E2

m o le /k g J /m o le

0 .1 0 .1 5 3 4 171 .6 0 .1351 151 .2 0 .1 1 6 8 1 3 0 .6

0 .2 0 .5 9 5 0 3 3 5 .5 0 .5 2 2 9 2 9 5 .2 0 .4 5 4 0 255 .7

0 .3 1.2977 4 9 1 .7 1 .1393 4 3 2 .2 0 .9 9 2 9 3 7 5 .6

.0 .4 2 .2 3 4 8 6 4 0 .6 1.9621 562 .9 1.7167 4 9 0 .4

0 .5 3 .3308 7 8 2 .0 2 .9721 6 8 7 .6 2 .6 0 9 7 6 0 0 .7

0 .6 4 .7 1 0 8 9 1 6 .4 4 .1 5 2 3 8 0 6 .7 3 .6 5 8 5 7 0 6 .6

0 .7 6 .2 0 0 9 1043.7 5.4831 9 2 0 .9 4 .8 5 0 8 8 0 8 .5
0 .8 7 .8281 1164 .2 6 .9 6 7 5 1030 .4 6 .1 7 6 3 9 0 6 .6

0 .9 9 .5 6 9 8 1278 .0 8 .5 8 0 9 1 1 3 5 .8 7 .6 2 6 2 1000 .3

1 .0 11 .405 1 3 J5 .3 10.311 1 2 3 7 .5 9 .1 9 3 4 1092 .9

1 .2 15 .273 1580 .9 14.165 1431.7 12 .659 1267 .9

1 .4 19 .2 7 6 1752.1 18 .493 1616.6 16 .549 1434.1

1 .6 2 4 .274 1900 .3 2 3 .333 1795 .7 2 0 .8 6 5 1593 .9

1 .8 29 .837 202 6 .6 28 .758 1972 .8 2 5 .6 3 6 1 7 4 9 .7

2 .0 34.991 223 2 .4 34 .876 215 1 .5 30 .9 1 6 1904 .0

2 .1 38 .239 224 2 .6 33 .771 1 9 8 1 .3
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In  a
(T )

dT

U sing  th e  v a lu e s  o f  ogmo-tic c o e f f i c i e n t s  o f  th io u r e a  in  
s o l u t io n s  a t  th e  tem p. 298 .1 5  K o b ta in e d  by Bonner e t  »1 
th e  e x c e s s  o f  r e l a t i v e  p a r t i a l  m o la l e n tro p y  o f s o lv e n t  
was c a lc u l a t e d  (T a b le  2 , F ig .  1) o v e r  th e  te m p e ra tu re  
2 9 3 .1 5 -3 3 3 .1 5  K.

T a b l e

E x cess  o f  r e l a t i v e  p a r t i a l  m olal e n t r o p ie s  
o f  w a te r  A 5 f  f o r  aqueons th io u re a  and  u re a  

s o lu t io n s  a t  te m p e ra tu re  2 9 8 .15  K

m
I-

( mole/kg)

AS^

(j/rao le  deg)

t h io u r e a u re a

0 .1 0 .0 0 0 4 7
0 .2 0 .00177 ~

0 .3 0 .0 0 3 7 6
0 .4 0 .00630
0 . 5 0 .0 0 9 3 4 0 .0 0 3 7 6
0 .6 0 .0 1 2 6 6
0 .7 0 .0 1 6 2 2
0 .8 0 .0 2 0 0 9
0 .9 0 .0 2 3 9 8
1 .0 0 .0 2 8 1 4 0.01381
1 .2 0 .0 3 6 9 8
1 .4 0 .0 4 6 6 8 ■

1 .5 0 .0 2 3 4 3
1 .6 0 .0 5 7 6 9
i . e 0 .0 7 0 4 8
2 .0 , 0 .0 3 6 4 0

w a te r
[ 4 ] ,

(AS®)
ra n g e



303.15 K(30°C)

313.15K |40°C)
323.15 K(50°Cl

333.15 K(60°C)

Urea
298,15 k (25°C)

1,0 , . .1 2,0 mmol  kg

F i g .  1 . E x cess  o f  r e l a t i v e  p a r t i a l  m o la l e n tro p y  o f  s o lv e n t  AS1 
a s  a  f u n c t io n  o f  c o n c e n t r a t io n  o f  th io u r e a  i n  w a te r

The v a lu e s  o f  AS^ c a lc u l a t e d  by u s  f o r  t h io u r e a  s o lu t io n s  
i n  te m p e ra tu re  ra n g e  u n d e r i n v e s t i g a t i o n  show th e  s t r u c t u r e -  
-b r e a k ln g  c h a r a c te r  o f  th io u r e a .  The o b ta in e d  v a lu e s  o f  e x c e s s  
o f  r e l a t i v e  p a r t i a l  m o la l e n tro p y  o f  w a te r  a t  th e  te m p e ra tu re  
2 9 8 .1 5  K a r e  more p o s i t i v e  th a n  th e  v a lu e s  o f  t h i s  f u n c t io n  f o r  
u r e a  s o lu t io n s  [5 , 6 ]  ( s e e  T ab le  2 ) .  I t  s u g g e s ts  more d e s t r u c 
t i v e  e f f e c t  o f  t h io u r e a  m o lecu le s  on w a te r  s t r u c t u r e  th a n  t h a t

o f  u re a  m o le c u le s .
On th e  b a s i s  o f  h e a t  c a p a c i ty  and  sm a ll ch an g es  i n  th e  w a te r  

p ro to n  s i g n a l ,  Subram anian e t  a l  [ 7 ]  re a c h e d  th e  same c o n lu -  
s io n  a b o u t th e  d e s t r u c t i v e  e f f e c t  o f  u re a  and  th io u r e a  on th e  
s t r u c t u r e  w a te r ,  th e  e f f e c t  o f  th io u r e a  b e in g  s t r o n g e r .

The more d e s t r u c t i v e  e f f e c t  o f  th io u r e a  on s p e c i f i c  w a te r  
s t r u c t u r e  i s  c a u sed  by th e  re p la c e m e n t o f  oxygen atom  in  a u re a  
m o lecu le  by a  s u lp h u r  atom [ a ;  9 ]  w hich h a s  w eaker p ro to n  a c 
c e p t in g  a b i l i t y .  A p la n a r  th io u r e a  m o lecu le  b e in g  b ig g e r  th a n



t h a t  o f  u re a ,  d o es  n o t  have enough room in  th e  h y d ro g en  bond 
l a t t i o e  o f  w a te r  s t r u c t u r e  [ 1 0 ] .
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S te f a n i a  T an lew sk a-O siń sk a , B a r t ło m ie j  P a łe c z  

BADANIA TERMODYNAMICZNE ROZTWORÓW TIOMOCZNIK-WODA

Na p o d s taw ie  pomiarów ca łk o w ite g o  c i e p ł a  ro z p u s z c z a n ia  t i o 
m ocznika w w odzie [ 1 ]  w p r z e d z ia le  te m p e ra tu r  2 9 3 ,1 5 -3 3 3 .1 5  Kwy
l ic z o n o  w a r to ś c i  w zględnych cząstkow yoh  molowych e n t a l p i i  wody 
(L ,)  i  t io m o c zn ik a  (L ? ) .  K o rz y s ta ją c  z w a r to ś c i  (L j)  o ra z  ak
ty w n o śc i wody w ty c h  m ie sza n in a ch  wyznaczono n ad m ia r w z g lę d n e j 
c z ą s tk o w e j m olowej e n t r o p i i  ro z p u s z c z a ln ik a  (ASj1) .  P rzep ro w a
d zo n a  a n a l i z a  wspom nianych f u n k c j i  term odynam icznych  w z a le ż n o 
ś c i  od s t ę ż e n ia  1 te m p e ra tu ry  w sk azu je  na  s i l n i e j  n is z c z ą c y  
wpływ tio m o c zn ik a  n iż  m ocznika na  s t r u k tu r ę  wody.

CTe(J>aHH« TaHeBCKa-OcHHbGKa, EapTJiOMHelł najisu 

TEPMOHHHAŁŁWECK>IE HCCJIE40BAHHH PACTBOPOB THOMOMEBHHA-BOM

flcuib3yacb KajiopHMeTpHiecKH H3MepeHHofl HHTerpaJiHott TenjioToft 
pacTBoperniH THOMOueBKKtj b Bojie b npe^ejie TeM nepatyp 2 9 3 .1 5 -  
-3 3 3 .1 5  K, 0np£^eaeH 0 o T h o ch tgjibnu_e napuaajiibHhie MOjiHJibHbie 2H- 
raoibnHH boau ( L j )  h TKOMO îeBHHu Ĉ 2 )•  Hcxona H3 3HaMeHHfi ( L1 ) 
H aKTHBHOCTH BO£H_B 3THX paOTBOpaX OnpeASJieHa H 3 fibIT OM H3Ji O. U. M.
SHTponMH BOflbi ( A Ś f) .  [IpoBeĄeHHuił aHajjHS ynoMHHyTUx t ep moahHaMK— 
necKHx :{)yHKąuii b 3aBHcnwocTH o t  KOHi;eHTpau«H[ h TeMnepaTyphi y x a -  
suBaeT Ha Oojtee canbH oe paaynopjuoMHBajomee BJiHHHHe THOMOMeBHHu 
ue»» tioHeBiriHU Ha cTpyKTypy boąm.


