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VISCOSIMETRIC INVESTIGATIONS OF WATER-ACETAMIDE SYSTEM 
WITHIN THE TEMPERATURE RANGE 25-85°C *

The v i a c o a l ty  o f  aqueous ac e tam id e  s o lu t io n s  o v e r  th e  
w hole m l s c i b i l i t y  ra n g e  a t  te m p e ra tu re  2 5 ° , 4 0 ° , 6 0 ° , 75° 
and  85 C h a a  been  m easu red . The r e l a t i v e  v i s c o s i t y ,  tem pe
r a t u r e  c o e f f i c i e n t  A tp /  AT and  th e  therm odynam ic fu n c t io n  
o f  a c t i v a t i o n  f o r  f l u i d  flo w  have been  c a l c u l a t e d .  The e f 
f e c t  o f  d i s s o lv e d  ac e ta m id e  on w a te r  s t r u c t u r e  h a s  been  
d i s c u s s e d .

I n  r e c e n t  y e a r s  many w orka d e v o te d  to  th e  e x p la n a t io n a  o f  
i n t e r a c t i o n s  among w a te r  m o lecu lea  and v a r io u s  am ides have ap 
p e a r e d .  T h ia  p ro b lem  i s  im p o r ta n t  due to  th e  a p p l i c a t io n  o f  
w a te r-a m id e  m ix tu re s  a s  p o l a r  a d v e n t s  i n  many ch e m ic a l p r o c e s -  
a e a .

One o f  p h y s ic o -c h e m ic a l p r o p e r t i e s  o f  th e s e  s o lv e n ts  i s  v i s 
c o s i t y .  In  aqueoua s o lu t io n s  c o n ta in in g  v a r io u s  ty p e s  o f  p o l a r  
m o le c u le a  ( a lc o h o l s ,  a c e to n e , DMF) th e  o cc u ren c e  o f  v i s c o s i t y  
maximum i s  o f te n  o b se rv e d , w hich i s  I n t e r p r e t e d  i n  many ways by 
v a r io u s  a u th o r s  [ 1 - 7 ] .  The maximum i s  n o t  o b se rv e d  in  c a s e  o f  
aq u eo u s form am ide s o lu t io n s  [ 8 ] .  Some a u th o r s  [ 9 ,  1 0 ] s u g g e s t  
t h a t  t h i s  f a c t  p o i n t s  to  l a b i l e  s t r u c t u r e  o f  w a te r-fo rm am id e  
m ix tu r e .  Lack o f  d a ta  on v i s c o s i t y  o f  w a te r -a c e ta m id e  system  a t  
s e v e r a l  te m p e ra tu re s  made u s  c a r r y  do such  m easu rem en ts . We hav e  
m easu red  v i s c o s i t y  o f  aqueous a c e tam id e  s o lu t io n s  o v e r  th e  whole 
m l s c i b i l i t y  ra n g e  a t  te m p e ra tu re s :  2 5 ° , ^ 0 ° , 60°» 75° and  
8 5 * 0 .

*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  
th e  fram ework o f  r e s e a r c h  on In te r d e p a r tn ie n t  Problem



E x p e r im e n ta l

A ll  o f  th e  r e a g e n ts  u sed  i n  th e  i n v e s t i g a t i o n s  was p u r i 
f i e d  by th e  m ethods d e s c r ib e d  e a r l i e r  [1 1 ] .  The p u r i t y  o f  a c e t -  
am lde wa3 checked  by m e ltin g  p o in t  d e te rm in a tio n  81-82°C  [ 1 2 ] .  
V is c o s i ty  m easurem ents w ere made w ith  c a l i b r a t e d  U bbe lohde’ s 
v is c o m e te r  p la c e d  in  l i q u i d  th e rm o s ta t  p re s e rv in g  th e  r e q u i r e d  
te m p e ra tu re  w ith  th e  p r e c i s io n  + p .0 5 °C . D e n s ity  o f  th e  i n v e s t i 
g a te d  s o lu t io n s  was d e te rm in e d  by th e  m ag n e tic  f l o a t  d e n s im e te r
[ 1 3 ]  w ith  th e  p r e c i s io n  2 .1 0 ” '* g/cm 3 . The e r r o r  o f  v i s c o s i t y  
m easu rem en ts  was ±0.8% .

R e s u l ts

The o b ta in e d  r e s u l t s  o f  dynam ic v i s c o s i t y  m easurem ents o f  
aq u eo u s a c e ta m id e  s o lu t io n s  a r e  g iv e n  i n  T a b le  1 .

T a b l e  1

The v i s c o s i t y  o f  aq u eo u s a c e tam id e  s o l u t io n s

w t %
AcNH2 XAcNH2

m
(m o le /k g )

(cP  • 10"3 P a * a )

25°C 40°C 60°C 75°C 85°C

1 2 •3 4 5 6 7 8

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

5 0 .0 1 5 8 0 .8 9 1 0 0 .9 7 8 0 .7 1 0 0 .5 0 3 0 .4 0 4 0 .3 5 4
8 0 .0 2 5 8 1.4721 1 .035 0 .7 4 3 0 .5 2 7 0 .4 1 9 0 .3 6 6

10 0 .0 3 2 8 1.8810 1 .0 7 6 0 .7 7 3 0 .5 ^ 3 0 .4 3 0 0 .3 7 4

15 0 .0 5 1 0 2 .9875 1 .136 0 .8 4 3 0 .5 8 9 0 .461 0 .3 9 9
22 0 .0791 4 .7 7 4 9 1 .365 0 .9 5 7 0 .6 6 2 0 .511 0 .441

30 0 .1 1 5 5 7 .2 5 5 3 1 .6 1 4 1 .122 ,0 .7 5 7 0 .5 7 9 0 .5 0 0
40 0 .1 6 8 8 11.2360 2 .0 2 8 1 .386 0 .8 9 9 0 .6 8 5 0 .5 8 7
50 0 .2 3 3 6 16.9291 2 .6 0 6 1 .6 9 4 1 .094 0 .8 3 1 0 .7 0 3



T a b le  1 c o n td .

1 2 3 4 5 6 7 8

60 0 .3 1 3 7 25.3936 2 .2 4 8 1 .3 2 8 0 .9 6 8 0 .8 1 2
70 0 .4 1 5 5 39.5012 - 2 .887 1.711 1.241 1 .0 0 8
80 0 .5 4 9 3 67 .7160/ - - 2 .221 1 .514 1.242
85 0 .6 3 3 3 95 .9310 •m mm •• 1 .683 1 .384
95 0 .8 5 2 7 321.652 m - - - 1 .745

100 1 . - - - - - 2.041

T ab le  2 c o n ta in s  th e  v a lu e s  o f  r e l a t i v e  v i s c o s i t y  o f  th e  
i n v e s t i g a t e d  s y s te m s .

A ccord ing  to  l i t e r a t u r e  [14-16] r e l a t i v e  v i s c o s i t y  o f  n o n - 
e l e c t r o l y t e  s o lu t io n s  can  be d e s c r i b e d  by th e  e q u a tio n :

T) /»Jo ■ 1 ♦ Be ♦ Cc2 (1 )

The v a lu e s  o f  B and C c o e f f i c i e n t s  o f  aq ueous ac e tam id e  
s o l u t io n s  e s t im a te d  g r a p h ic a l ly  a r e  shown in  th e  T ab le  3 .

In  o rd e r  to  d e te rm in e  th e  in f lu e n c e  o f  d i s s o lv e d  ac e tam id e  
on w a te r  th e  v a lu e s  o f  therm odynam ic fu n c t io n s  o f  a c t i v a t i o n  
f o r  f l u i d  flow  w ere c a l c u l a t e d .

A ccord ing  to  E y r in g ’ s  th e o ry  [1 7 ]  c o n c e rn in g  la m in a r  flow  
o f  l i q u i d  th e  dynam ic v i s c o s i t y  o f  th e  s o lu t io n  can  be d e s c r ib e d  
by th e  e q u a tio n

h N . „  AC* h N -  AS* AH*
T] » exp ~ y~  exP ft exP rT  '  '

w here :
AG*, AH* and AS* -  th e  f r e e  en e rg y  o f  a c t i v a t i o n  f o r  f l u i d  

f lo w , e n th a lp y  and e n tro p y  r e s p e c t iv e ly  
h—  P la n c k 's  c o n s ta n t
V -  m o la r volum e o f  s o lv e n t  
N -  Avogardo num ber

V a lu es  o f  p a r t i c u l a r  therm odynam ic f u n c t io n s  o f  a c t i v a t i o n  

f o r  f l u i d  flow  w ere c a lc u l a t e d  from  th e  fo rm u la e :



T a b l e  2 &

v t  % 25C*C 40(5C 60°C 75°C 85°C

AcNH0 C C C C Cc
( m o le / i ) ^ r (m o le /1 ; ^ r (m o le / l ) Hr ( m o le / l ) n r (m o le / l ) n r

2 0 .3 4 4 9 1 .0382 0 .3 4 3 2 1 .0337 0 .3 4 0 0 1.0309 0 .3 3 7 1 1.0256 0 .3 3 4 9 1 .0224
5 0 .8 9 1 2 1 .0988 0 .8 8 6 8 1 .0873 0 .8 7 3 2 1 .0780 0 .8 7 0 5 1 .0665 0 .8 6 4 8 1 .0583
8 1 .4 7 5 3 1 .1629 1 .4 6 7 3 1.1409 1 .4529 1.1294 1 .4 4 0 0 1.1061 1 .4304 1 .0942

10 • 1 .8877 1.2090 1.8771 1 .1838 1 .8582 1.1637 1 .8 4 1 5 1 .1352 1 .8 2 9 2 1.1181
15 3.0081 1.3326 2 .9899 1 .2986 2 .9 5 8 4 1 .2623 2 .9 3 0 8 1.2170 2 .9 1 0 5 1 .1928
22 4 .8 3 0 b 1 .5 3 3 7 4 .7 9 8 0 1 .4655 4 .7 4 4 0 1 .4 1 8 8 4 .6 9 8 2 1.3490 4 .6 6 3 2 1.3184
50 7 .3 7 9 7 1 .8135 7 .3231 1 .7182 7 .2 3 3 3 1 .6 2 2 4 7 .1 6 2 9 1 .5285 7 .1 0 8 2 1.4947
4Q 11 .5544 2 .2 7 8 6 11.4533 2 .1 2 2 5 1 1 .3032 1.9267 1 1 .1 8 4 3 1.8083 11 .0938 1.7548
50 17 .4 4 1 0 2.9281 17.2668 2 .5 9 4 2 1 7 .0256 2 .3 4 4 6 16 .8328 2 .1 9 3 8 16 .6948 2 .1016
60 - - 26 .0025 3 .4 4 2 6 25 .6247 2.8461 2 5 .3 1 9 4 2 .5 5 5 4 25 .1069 2 .4 2 7 5
70 ■ - - 4 0 .5 6 9 3 4.A 205 39 .9606 3 .6669 39 .4854 3.2761 39 .1338 3 .0134
80 - - - - 6 8 .6 2 3 4 4 .7 6 0 0 6 7 .7 5 2 6 3 .9968 6 7 .1 6 7 5 3 .7130

CD VJ>
*

-  . - am - - - 9 6 .0 0 6 8 4 .4 4 3 0 95 .1 8 6 6 4 .1 3 7 5
95 - - - - - - - - 319 .0466 5 .2167

- -  ' - - - - - - - 6 .1 0 1 6
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AH « R d In T ) /d ( f )

AG -  RT In  ( tjV/UN)

( 3 )

( 4 )

AS * AH* -  AG*
( 5 )

The d e r iv a t iv e  d In  t j /d (^ - )  was d e te rm in e d  n u m e r ic a l ly  u s in g  

th e  e q u a tio n :

( 6 )

The o b ta in e d  AH*, AG* and AS* v a lu e s  o f  aqueoua a c e t -  
am ide s o lu t io n s  a r e  g iv e n  in  T ab le  4 .

T a b l e  3

The v a lu e s  o f  B and C c o e f f i c i e n t s  
(e q u a tio n  [ 1 ] )  o f  aqueoua ac e tam id e  s o lu t io n s

T

( °C )

B

( 1 /m o le )

C

( l 2/m o le 2 )
AB/AT • 105

25 0 .111 -0 .0 0 0 3 - 0 .7

40 0 .1 0 0 -0 .0 0 0 4 - 0 .7

60 0 .0 8 7 -0 .0 0 0 4 - 0 .7

75 0 .0 7 7 -0 .0 0 0 4 - 0 .9

85 0 .0 6 8 -0 .0 0 0 4



The e n th a lp y ,  f r e e  en e rg y  and  
f l u i d  flo w  o f  aqueous

Mole
f r a c t i o n
XAcNH2

25°C ■ N 40°C

AH* AG* > CO -M- AH* AG* > w ■H
-

AH*

kJ k J J k J
mole

kJ
mole

J kJ
mole mole mole * K mole-K mole

0 .0 1 6 .4 8 9 .1 6 2 4 .6 15.31 8 .8 3 2 0 .7 13 .92

0 .0 0 6 2 1 6 .6 5 9 .2 5 2 4 .8 15 .52 8 .9 1 21 .1 14 .17

0 .0 1 5 8 1 6 .8 8 9 .3 9 25.1 15 .79 9 .0 4 2 1 .6 1 4 .5 0

0 .0 2 5 8 17 .09 9 .5 3 2 5 .4 16 .07 9 .1 7 2 2 .0 1 4 .8 5

0 .0 3 2 8 17 .19 9 .6 3 2 5 .4 16 .26 9 .2 6 2 2 .3 15 .15

0 .0 5 1 0 1 7 .6 0 9 .8 7 2 5 .9 1 6 .63 9 .5 0 2 2 .8 15 .59

0 .0791 1 8 .1 3 1 0 .2 2 2 6 .6 17 .27 9 .8 2 2 3 .8 1 6 .1 8

0-. 1155 1 9 .0 2 1 0 .6 3 2 8 .1 18.05 10 .23 2 5 .0 16.90

0 .1 6 8 8 2 0 .5 2 1 1 .20 3 1 .3 19.30 .1 0 .7 8 2 7 .2 1 7 .8 4

0 .2 3 3 6 2 2 .6 0 11 .82 3 6 .2 2 0 .3 5 11.31 2 8 .9 1 8 .90

0 .3 1 3 7 - - m 2 1 .72 .1 2 .0 4 3 0 .9 2 0 .1 0

0 .4 1 5 5 - m - 2 3 .2 5 1 2 .69 3 3 .7 2 1 .4 0

0 .5 4 9 3 - - •m - - - 2 3 .0 0

T a b l e  4

*

e n tro p y  o f  a c t i v a t i o n s  f o r  
a c e ta m id e  s o lu t io n s

60°C 75°C 85°C

AG* AS* AH* AG*

-4*C/i<! AH* > a ■H- AS*

k J J kJ kJ j kJ kJ J

mole mole*K mole mole mole-K mole mole m o le•£ *

8 .4 8 1 6 .3 1 2 .9 8 8 .2 9 1 3 .5 12 .40 8 .1 7 11 .8

8 .5 7 16 .8 13 .25 8 .3 6 14.1 12.69 8 .2 4 1 2 .4

8 .6 9 1 7 .4 1 3 .62 8 .4 7 1 4 .8 13.08 8 .3 4 1 3 .2

8 .8 2 18.1 14 .03 8 .5 8 15 .7 13 .53 8 .4 4 1 4 .2

8 .9 0 1 8 .8 14 .40 8 .6 5 16 .5 13 .94 8 .51 1 5 .2

9 .1 3 1 9 .4 14.80 8 .8 5 17.1 14.28 8 .7 0
(

1 5 .6

9 .4 5 2 0 .2 15.41 9 .1 5 18 .0 14.91 9 .0 0 1 6 .5  ,

9 .8 2 2 1 .2 16 .12 9 .5 1 1 9 .0 15 .64 9 .3 7 1 7 .5

10 .30 2 2 .6 17.20 10 .00 2 0 .7 16 .65 9 .8 5 1 9 .0

1 0 .8 4 2 4 .2 18.30 10 .56 2 2 .2 1 7 .75 10 .38 2 0 .6

11 .38 2 6 .2 19 .40 11.00 24.1 18 .90 10.81 2 2 .6

1 2 .08 2 8 .2 2 0 .8 3 11 .72 2 6 .2 2 0 .2 5 1 1 .46 2 4 .5

1 2 .80 3 0 .6 2 2 .0 7 12.30 28.1 21 .70 1 2 .08 2 6 .9



D is c u s s io n

On F ig .  1 and 2 th e  d ep en d en ces o f  dynam ic v i s c o s i t y  o f  
aq u eo u s ac e tam id e  s o lu t io n s  on c o n c e n tr a t io n  and  te m p e ra tu re  a r e  
p r e s e n te d .  As i t  i s  seen  from  F ig .  1 v i s c o s i t y  o f  w a te r - a c e t -  
am ide m ix tu re s  i n c r e a s e s  m onotonously  w ith  th e  g row th  o f  non
e l e c t r o l y t e  c o n te n ts  in  w a te r  o v e r  th e  w hole I n v e s t ig a t e d  tem
p e r a tu r e  ra n g e  (2 5 -8 5 °C ) . At th e  tem p. 85°C th e  dependence o f  
v i s c o s i t y  o f  AcNH2-H20 m ix tu re  on th e  co m p o s itio n  i s  a lm o s t 
l i n e a r .  The grow th  o f  te m p e ra tu re  c a u se s  th e  d e c re a s e  o f  
v i s c o s i t y  o f  th e  s o lu t io n ,  b u t  th e  c h a r a c te r  o f  t] «■ "f 
(m o le  # )  f u n c tio n  rem a in s  u n ch an g ed . From F ig .  2 i t  can  be

F ig .  1 . Dependence o f  v i s c o s i t y  o f  aq u eo u s a c e tam id e  s o lu t io n s
v s .  c o m p o s itio n  o f  m ix tu re



se e n  t h a t  th e  e f f e c t  o f  te m p e ra tu re  on th e  v i s c o s i t y  o f  i n 
v e s t i g a t e d  s o lu t io n s  i n c r e a s e s  w ith  th e  grow th  o f  a c e tam id e  con
t e n t s  in  w a te r .  I t  I s  co n n e c ted  w ith  th e  f a c t  t h a t  th e  v i s c o s i t y  
o f  p u re  ac e tam id e  d e c re a s e s  w ith  th e  grow th o f  te m p e ra tu re  much 
q u ic k e r  th an  v i s c o s i t y  o f  w a te r .  The o cc u ran c e  o f  hydrogen bonds 
i n  mixed a s s o c i a t e s  w eaker th an  hydrogen bonds In  p u re  w a te r  i s  
an a d d i t i o n a l  f a c t o r .

F ig .  2 . Dependence o f  v i s c o s i t y  o f  aqueous ac e tam id e  s o lu t io n s
v s .  te m p e ra tu re

In  o rd e r  to  com pare ace tam id e  w ith  o th e r  am ides th e  c o u rs e  
o f  r e l a t i o n  betw een  v i s c o s i t i e s  o f  w a te r-am id e  m ix tu re s  and th e  
mixed s o lv e n ts  co m p o s itio n  i s  p re s e n te d  on F ig .  3 .

As i t  i s  seen  from  th e  F ig .  3 i n  c a se  o f  s im p le  am ides (F



and  AcNH2) m onotonous in c r e a s e  o f  v i s c o s i t y  o f  th e  m ix tu re  w ith  
t h e  g row th  o f  am ide c o n te n ts  can  be o b se rv e d .

F ig .  3 . Dependence o f  v i s c o s i t y  o f  aqueous am ides s o lu t io n s  v s .  
c o m p o s itio n  o f  m ix tu re  a t  2?°C: A -  a c e ta m id e , F -  form am ide, 
NKF-,N-methylf orm am ide, DMF- N ,N -d im e th y lf  orm am ide, D EF-N ,N -die- 
th y lfo rm am id e , D X A -N ,N -dim ethylacetam ide, D E A -N ,N -d ie th y lace ta -  

m ide, N M A -N-m ethylacetam ide, N £ A -N -e thy lacetam lde

V is c o s i ty  o f  w a te r-fo rm am id e  m ixed s o lv e n t  i s  s m a lle r  th an  
v i s c o s i t y  o f  aqueous ac e tam id e  s o lu t io n  a t  th e  te m p e ra tu re  25°C. 
I t  i s  p ro b a b ly  co n n e c ted  w ith  g r e a t e r  volum e o f  a c e tam id e  m ole
c u l e  in  com parison  w ith  form am ide m o lec iile . A g r e a t e r  number o f  
s p a c ia l  hydrogen  bonds in  p u re  ac e tam id e  can a l s o  be th e  ad 
d i t i o n a l  f a c t o r .  V is c o s i ty  o f  p u re  am ides N ,N - d is u b s t i tu te d  i s  
auch  lo w er th an  t h a t  o f  m o n o s u b s ti tu te d  ( F i g .  3 ) .  I t  p ro b a b ly  
fo l lo w s  from  th e  f a c t  t h a t  in  m o n o su b s ti tu te d  a m id e s ' in te rm o le -  

bonding  o c c u rs  (c h a in  a s s o c i a t e s )  w h ile  i n  N,N- 
!t«"i am ides i t  d o es  n o t .



I n  c a se  o f  system  o f  N -m o n o su b s titu te d  am ides w ith  w a te r  th e  
o c c u ra n c e  o f  sm a ll maximum on th e  c u rv e  i) * f  ( x )  o f  th e  v i s c o 
s i t y  o f  s o lu t io n  n e a r  a mole r a t i o  1 ! 1 can  be o b se rv e d , w h ile  in  
aq ueous s o lu t io n s  o f  N ,N - d is u b s t i tu te d  am ides a  p ronounced  m axi
mum o f  v i s c o s i t y  o f  th e  m ix tu re  i n  mole r e l a t i o n  o f  com ponents 
3 :1  o c c u r s .  The p re s e n c e  o f  v i s c o s i t y  maximum o f  aqueous s o lu 
t i o n s  o f  N-mono- and N ,N - d is u b s t i tu te d  am ides can  be  e x p la in e d  
by  fo rm a tio n  o f  mixed a s s o c ia te s  w ith  p r e c i s e l y  d e te rm in e d  com
p o s i t io n  [3 ,  4 ]  o r  by g r e a t e r  d e n s i ty  o f  hydrogen  bonds [19  3.

The la c k  o f  extremum on c u rv e  t) » f  ( x )  o f  w a te r-fo rm am id e  
sy s tem s a u b s ta n c ia te s  p ro b a b ly  th e  l a b i l e  s t r u c t u r e  o f  th e  abov'e 
m en tio n ed  m ix tu re s  [ 9 ,  1 0 ] .  A ccord ing  to  Nomoto and  Endo [2 0 ]  
i n  F-HgO sy stem  h y d ra te s  o f  c l a t h r a t e  ty p e  o c c u r ,  i n  w hich 
am ide m o lecu le s  a r e  b u i l t  in  w a te r  s t r u c t u r e .  I t  can  be sup
p o se d , t h a t  a  s i m i l a r  phenomenon o c c u rs  in  c a s e  o f  w a te r - a c e t -  
am ide m ix tu r e s .  The above s ta te m e n t  i s  i n  ag reem en t w ith  th e  
r e s u l t s  o f  m easurem ents o f  d i e l e c t r i c  p e r m i t t i v i t y  o f  aqueous 
a c e tam id e  m ix tu re s  [ 2 1 - 2 3 ] .  G oncharov e t  a l .  [ 2 3 ]  s u g g e s t  t h a t  
a c e ta m id e  m o lecu le  can  b u i l t  in  w a te r  s t r u c t u r e  fo rm in g  hydrogen  
bonds w ith  w a te r  m o le c u le s . T hese bonds a r e  s l i g h t l y  weaker th a n  
h y d ro g en  bonds i n  p u re  w a te r .

U sing  th e  d a ta  from  T ab le  2 th e  te m p e ra tu re  c o e f f i c i e n t *  
A rj /A T  o f  aqueous ac e tam id e  s o lu t io n s  w ere c a l c u l a t e d  (T a b le  
5 ) . r

T a b l e  5

The v a lu e s  o f  te m p e ra tu re  c o e f f i c i e n t  
Ar}r /A T  o f  aqueous ac e tam id e  s o lu t io n s

X 25-40°C 40-60°C 6 0 -7 5°C 75-85°C

0 .0 5 -0 .0 0 2 -0 .0 0 2 -0 .0 0 2 -0 .0 0 2

0 .1 0 - 0 .0 0 6 -0 .0 0 5 -0 .0 0 4 -0 .0 0 3

0 ;15 -0 .0 1 0 -0 .0 0 9 -0 .0 0 7 -0 .0 0 5

0 .2 0 -0 .0 1 7 -0 .0 1 2 -0 .0 1 0 -0 .0 0 9

0 .3 0 •» -0 .0 2 9 -0 .0 1 9 -0 .0 1 2

0 .4 0 « -0 .0 3 2 -0 .0 2 5 -0 .0 2 2

0 .5 0  . -0 .0 4 4 -0 .0 2 5

0 .6 0 - - -0 .0 2 9
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F o r th e  sak e  o f  co m p ariso n  th e  
s ig n  o f  c o e f f i c i e n t  A t)r /A T  o f  some 
n o n e le c t r o ly te  s o l u t io n s  in  w a te r  was 
g iv e n  i n  T ab le  6 .

From th e  d a ta  i n  T ab le  6 i t  f o l 
low s t h a t  te m p e ra tu re  c o e f f i c i e n t  
A r]r /A T  i s  p o s i t i v e  i n  c a s e  o f  aqueo
u s  s o lu t io n s  o f  form am ide , u re a  and 
th io u r e a  and n e g a t iv e  f o r  a c e ta m id e , 
DMF and e t h y l - u r e a  d e r i v a t i v e  s o lu 
t i o n s .  I f  we co n c lu d e  i n  th e  same way 
a s  i n  c a se  o f  e l e c t r o l y t e  s o l u t io n s ,  
we can  su ppose  t h a t  DMF, e th y l  -  and 
d i e th y lu r e a  o rd e r  w a te r  s t r u c t u r e ,  
w h ile  form am ide, u re a  and  th io u r e a  
have  b re a k in g  e f f e c t .

The v a lu e s  o f  B c o e f f i c i e n t  o f  
e q u a tio n  (1) (T a b le  3 ) o f  ac e tam id e  
in  w a te r  a r e  p o s i t i v e  and  th e y  d e c re 
a s e  w ith  th e  te m p e ra tu re  g ro w th . Thus, 
AB/AT c o e f f i c i e n t  i s  n e g a t iv e ,  a l i k e  
A»}r /A T . As i t  i s  seen  from  T ab le  7 
th e  v a lu e s  o f  B c o e f f i c i e n t  o f  am i
d e s  i n c r e a s e  w ith  th e  g row th  o f  am- 
mount o f  h y d ro p h o b ic  m ethy l g ro u p s , 
w hich  i s  c o n n e c te d  w ith  th e  g ro w th  
o f  volum e o f  t h e i r  m o le c u le s  and p ro 
b a b ly  w ith  th e  g ro w th  o f  i n t e r a c t i o n s  
betw een  amide and w a te r  (h y d ro p h o b ic  
h y d r a t io n ) .  S im i la r  c h a n g es  can  be 
o b se rv e d  in  c a s e  o f  C c o e f f i c i e n t  o f  
e q u a tio n  (1 )  (T a b le  7 )  r e l a t i n g  to  
i n t e r a c t i o n s  among d is s o lv e d  am ide 
m o le c u le s .  The d e c re a s e  o f  v a lu e  o f  
B c o e f f i c i e n t  o f  a c e ta m id e  in  w a te r  
w ith  te m p e ra tu re  g row th  i s  p ro b a b ly  
cau sed  by s m a l le r  c o n t r ib u t io n  o f  hy
d ro p h o b ic  h y d ra t io n .



From th e  work« o f  Good [ 2 5 ]  and N ig h t in g a le  [ 2 6 ] i t  fo l lo w s  
t h a t  i n  c a s e  o f  w a te r  s t r u c t u r e  o rd e r in g  s u b s ta n c e s  b o th  e n t 
h a lp y  and e n tro p y  o f  a c t i v a t i o n  f o r  f l u i d  flo w  grow w ith  th e  
i n c r e a s e  o f  s o lu t io n  c o n c e n t r a t io n .  The grow th  o f  te m p e ra tu re  o f 
th e  s o lu t io n  c a u s e s  th e  d e c re a s e  o f  v a lu e s  o f  th e s e  f u n c t io n s ,  
b ec au se  th e  s t r u c t u r e  o f  s o lu t io n  i s  more and more d i s tu r b e d  by 
th e rm a l m o tions o f  m o le c u le s .

T a b l e  7

The v a lu e s  o f  B and C c o e f f i c i e n t s  
(e q u a t io n  1) o f  am ides i n  w a te r  a t  25°C

Amides B C

Formamide 0 .0 1 9 -0 .0 0 1
A cetam ide 0 .111 -0 .0 0 0 3
P rop ionam ide 0 .  1cJ3 0 .0 0 4
n -B u ty ram id e 0 .2 6 4 0 .0 1 3
N ,N -D im ethylform am ide 0 .171 0 .001
N, N-Di m eth y lace tam i de 0 .2 6 7 0 .0 0 7

As i t  i s  seen  from T ab le  4 in  c a s e  o f  aqueous ac e tam id e  
s o lu t io n s  b o th  e n th a lp y  and e n tro p y  o f  a c t i v a t i o n  f o r  f l u i d  flo w  
grow w ith  th e  In c r e a s e  o f  ace tam id e  c o n c e n tr a t io n  in  w a te r .  From 
t h i s  f a c t  i t  fo l lo w s  t h a t  v is c o u s  flow  o f  aq ueous ac e tam id e  so 
l u t i o n  d e s e rv e s  more en e rg y  in  com parison  to  w a te r .  I t  seems 
p ro b a b le  t h a t  i t  i s  co n n e c ted  w ith  g r e a t e r  p ac k in g  o f m o lecu le s  
i n  water-AcNH^ system  th an  in  p u re  w a te r .  I n te r m o le c u la r  d i s t a n 
c e s  grow w ith  th e  in c r e a s e  o f  te m p e ra tu re , w hich f a s c i l i t a t e s  
■the v is c o u s  flo w  o f  th e  s o l u t io n .  E n th a lp y  and e n tro p y  o f  a c t i 
v a t io n  f o r  f l u i d  flo w  o f  th e  d is c u s s e d  system  d e c re a s e  and th e  
e f f e c t  o f  th e  s o lu t io n  c o n c e n t r a t io n  on t h e i r  v a lu e s  a l s o  d e c 
r e a s e s .

A lik e  in  w a te r-a c e ta m id e  system  e n th a lp y  o f  a c t i v a t i o n  f o r  
f l u i d  flow  o f  water-DMF system  grows w ith in  th e  ra n g e  0 ~  20 
mole 96 o f  DMF, w h ile  in  c a se  o f  aqueous form am ide s o lu t io n s  th e  
d is c u s s e d  fu n c t io n  d e c re a s e s  w ith in  th e  ra n g e  0 ~ 30 mole >> o f  
form am ide ( F i g .  4 ) .  From th e  com parison  o f  th e  d is c u s s e d  am ides



i t  can  be su p p o sed  t h a t  forraam ide b re a k s  w a te r  s t r u c t u r e ,  DMF 
o r d e r s  i t  fo rm in g  mixed a s s o c i a t e s  o f  p r e c i s e ly  d e te rm in e d  com
p o s i t i o n  w h ile  a c e ta m id e  form s n e tw o rk  o f  h ydrogen  bonds w ith  
w a ts r  m o le c u le s , s l i g h t l y  d i s tu r b in g  p rim a ry  w a te r  s t r u c t u r e .

mole % amide

F ig .  4 .  The e n th a lp y  o f  a c t i v a t i o n  f o r  f l u i d  flo w  o f  H,0-AcNH,, 
H20 -F  and H20-DMF sy s tem s a t  25°C

I t  can  b e , th u s  su p p o sed , t h a t  i n  c a s e  o f  n o n e l e c t r o ly te  s o lu 
t i o n s  i t  i s  im p o s s ib le  to  draw any c o n c lu s io n s  a b o u t th e  e f f e c t  
o f  d i s s o lv e d  n o n e le c t r o ly te  on w a te r  s t r u c t u r e  on th e  b a se  o f  
th e  s ig n  o f  te m p e ra tu re  c o e f f i c i e n t s  AB/A T o r  Ar)r /A T . D if
f e r e n t  s ig n s  o f  th e s e  c o e f f i c i e n t s  o f  th e  d is c u s s e d  w a te r- fo rm -



am ide, w a te r-a c e ta m id e  and water-DMP sy stem s s u b s t a n t i a t e  o n ly  
th e  d i f f e r e n t  s t r u c t u r e  o f  aqueous am ide s o l u t io n s .

REFERENCES

[1 ]  G e d d e s  J .  A ., J .  Am. Chem. S o c . ,  55, 4832 (1 9 3 3 ).
[2 ]  B a  r  f  i  e 1 d W . ,  J .  P h y s . Chem., 63 , 1783 (1 9 5 9 ).
[ 3 ]  K o z ł o w s k i  Z . ,  S o c . S e i .  L o d z ., A cta C him ., 16, 

17 (1 9 7 1 ).
[4 ]  A s s a r s o n  P . ,  E i  r  i  c h F . R .,  J .  P h y s. Chem., 

72 , 2710 (1 9 6 8 ).
[5 ]  D e i c h  A. Y a ., Z h u r. F i z .  K him ., 31 , 2336 (1 9 5 7 ) .
[ 6 ] E m a n  A.  A. ,  T s h o b o t a r e v  A.  N. ,  A n i -  

k e e v  V.  A. ,  K o r n e l i i  N. E . ,  Y u  r  J  e v  a 
E . J . ,  K a c  B. M ., Z h u r. P r i k l .  K him ., 45 , 622 (1 9 7 2 ) .

[7 ]  P e t e r s e n  R .,  J .  P h y s . Chem., 6 4 , 184 (1 9 6 0 ).
[8 ] M e r r y  E.  W. ,  T u r n e r  W. S . ,  J .  Chem. S o c . Lon

don 105, 748 (1 9 1 4 ).
[9 ]  K e s s l e r  Yu.  M. ,  E m e 1 1 n  W.  P. ,  T o 1 u d  e e v,  

Y u . S . ,  T r u s k o v  O . V . ,  L a p s h i n  R. M., Zhur. 
S t r u k t .  K him ., 13, 2 , 210 (1 9 7 2 ).

[10 ] Y a s t r e m s k i J  P.  S. ,  V e r s / t a k o v  E.  S. ,  
K e s s l e r  Y u . M . ,  M i s h u s t i n  A . J . ,  E m e 
l i n  V.  P. ,  B o b r i n e v  Yu. M., Z h u r. F iz .  K him ., 

4 9 , 2950 (1 9 7 5 ).
[ 11] T a n i e w s k  a -0  s i  ń s  k a S . ,  W o 1 d a  n M., R ocz. 

Chem., 48 , 1753 (1 9 7 4 ).
[12] R a m  C h a n d  P. ,  R e d e n d e r  D ., In d ia n  J .  

C hem ., 5, 267 (1 9 6 7 ).
[13] W 0 1 d a n  M., T a n i e w s j t  a -0  s i  ń s k a S . ,  A cta  

U n iv . L odz. ZNUŁ, S . I I ,  ( i n  p r e s s ) .
[14] R u p 1 e y J . ,  P h y s. Chem., 6 8 , 2002 (1 9 6 4 ).
[15] T s a n g a r i s  J .  M. ,  M a r t i n  R . B ., A rch . B lo

chem. B io p h y s .,  112, 267 (1 9 6 5 ) .
[16] E a g 1 a n  d D ., P i l l i n g  G ., J .  P h y s . Chem., 7 6 ,

1902 (1 9 7 2 ).



[1 7 ]  G l a s s t o n e  S . ,  L a i  d 1 « r  K ., E y r  i  n g G., 
The Theory o f  R ate  P ro c e s s e s ,  (1 9 4 1 ).

[1 8 ] E b e r t  G. ,  W e n d o r f f  J . ,  B e r . B unsenges, P h y s. 
Chem., 74 (1 0 ) 1971 (1 9 7 0 ).

[1 9 ] P i e k a r s k a  A ., D o c to ra l  D i s s e r t a t i o n ,  UŁ Łódź,
(1 9 7 5 ) .

[2 0 ] N o m o t  o O ., E n d o  H ., B u l l .  Chem. S o c . J a p a n , 43 ,
2718 (1 9 7 0 ).

[2 1 ] R o h d e w a l d  P . ,  M o 1 d n e r  M.t J .  P h y s. Chem.,
77 , 373 (1 9 7 3 ) .

[2 2 ] G o n c h a r o v  W.  S. ,  J a s t r e m s k i J  P . S . ,  
I z v .  V yssh . U cheb. Z aved . Khim. Khim. T e k h n o l. ,  19 ( 4 ) ,  602
(1 9 7 6 ) .

[2 3 ] G o n c h a r o v  W.  S. ,  L y a s h c h e n k o  A. K. ,  
J a s t r e m s k i J  P .  S . ,  Z hur. S t r u k t .  K him ., 17, 4 ,
662 (1 9 7 8 ).

[2 4 ] P a ł e c z  B .,  ( p r i v a t e  co m m u n ica tio n ).
[2 5 ] G o o d  W,, E le c tro c h im ic a  A c ta , 9 ,  203 (1 9 6 4 ); 10 , 1 

(1 9 6 5 ); 11, 759 , 767 (1 9 6 6 ); 12, 1031 (1 9 6 7 ) .
[26 ] N i g h t i n g a l e  E . R .,  B e n c k R . F . ,  J ,. Phyp.. 

Chem., 6 3 , 1777 (1 9 5 9 ).

I n s t i t u t e  o f  C h em istry  
U n iv e r s i ty  o f  Łódź

\

S te f a n ia  T an iew sk a-O siń sk a , M arian Woldan

BADANIA WISKOZYMETRYCZNE UKŁADU WODA-ACETAMID rf ZAKRESIE
TEMPERATURY 2 5 -8 0 °C

Zm ierzono le p k o ść  m ie sza n in  w oda-ace tam id  w całym  z a k r e s ie  
m le s z a ln o ś c i  w te m p e ra tu rz e  2 5 ° , 4 0 ° , 6 0 ° , 7 5 ° , 85°C . O b li
czono le p k o ść  w zg lęd n ą , w sp ó łczy n n ik  tem p era tu ro w y  Ał]r /A T  o ra z  
f u n k c je  term odynam iczne a k ty w a c ji  le p k ie g o  p rz ep ły w u . P rz e d y s 
kutow ano wpływ ro zp u szczo n eg o  ac e tam id u  na s t r u k tu r ę  wody.



OreiJiaHHH TaHeaoKa-OcHHbCKa, MapHH B o j il a s k

BHCCK03HMETPHHECKHE HCCJIEUOBAHHH CHCTEMS BOflA-AUETAlCtH 
B HHTEPBAJIE TEMÍIEPATyPIi 25- 85° G

Onpe^eJiena BflaxooTb cncreua bOĄ&-aner&UKĄ b miTepBajt e rewnepa- 
Typu 25- 85°C. PaccvuraHO otHocHTeafcHy» bhskoctł, TeMneparypHufl 
K03(J)íJ)MülH©HT Ai)_/S1T H TepMOÄHHaUHUeCKHe (fyHKUHH aKTKBailHH BÄ3KO- 
r o  TeMeHHH• Altamía noutyueHHHx jarnoix b 3aBucHM0CTH o t KOHueHTpauHH 
h Texnepatypu n03B0Jtiu c^eJiaTi. emboa o bjjhhhhh aueianHua na cTpyx-
*ypy boau.


