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VISCOSIMETRIC INVESTIGATIONS OF H20-AcNH2-N aI TERNARY 
SYSTEM WITHIN THE TEMPERATURE RANGE 25-85°C*

The v i s c o s i t y  o f  Nal s o lu t io n s  i n  m ixed w a te r-a c e ta m id e  
s o lv e n ts  o v e r  th e  te m p e ra tu re  ran g e  25-85°C  h a s  been mea­
s u re d .  The dependence o f  v i s c o s i t y ,  r e l a t i v e  v i s c o s i t y  
and th e  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  
flo w  o f  I n v e s t ig a te d  s o lu t io n s  on th e  c o n c e n tr a t io n  and 
te m p e ra tu re  h a s  been d i s c u s s e d .  The c o n c lu s io n s  a b o u t th e  
e f f e c t  o f  Nal and ac e tam id e  on th e  s t r u c t u r e  o f  i n v e s t i ­
g a te d  sy s tem s have been d raw n.

The l i t e r a t u r e  d a ta  on v i s c o s i t y  o f  e l e c t r o l y t e  s o lu t io n s  
i n d i c a t e  t h a t  io n s  can  in c r e a s e  o r  d e c re a s e  th e  v i s c o s i t y  o f  
s o lv e n t  r e l a t i v e l y  to  t h e i r  s o lv a t io n  and I n f lu e n c e  on th e  s o l ­
v e n t  s t r u c t u r e .  Weakly s o lv a te d  io n s  d e c re a s e  th e  v i s c o s i t y  o f  
s o lv e n t ,  w h ile  s t r o n g ly  s o lv a te d  o n es  in c r e a s e  th e  above men­
t io n e d  q u a n t i t y .

The c o n c lu s io n  a b o u t th e  e f f e c t  o f  e l e c t r o l y t e  on s o lv e n t  
i n  c a s e  o f  d i l u t e d  s o lu t io n s  can  be drawn from  th e  a n a ly s i s  o f  
v a lu e  o f  B c o e f f i c i e n t  from  Jo n es-D o le* 3  e q u a tio n  and i t s  
ch an g e  w ith  te m p e ra tu re  [1 , 2 ] .

As f o r  th e  more c o n c e n tra te d  s o lu t io n  th e  c o n c lu s io n  a b o u t 
th e  e f f e c t  o f  e l e c t r o l y t e  on s o lv e n t  can be drawn from  th e  
dep en d en ce  o f  r e l a t i v e  v i s c o s i t y  o f  th e  s o lu t io n  on i t s  concen­

t r a t i o n  and te m p e ra tu re  [ 3 ] .

* The p r e s e n t  work h a s  been c a r r i e d  o u t  and s u p p o rte d  w ith ­
i n  th e  fram ew ork o f  r e s e a r c h  on In te rd e p a r tm e n t  Problem  MR-I- 
- 1 1 .



F ig .  1 .  Dependence o f  v i s c o s i t y  o f  N a l - s o lu t io n s  in  w a te r - a c e t -  
am ide s o lv e n ts  v s .  c o n c e n t r a t io n s  o f  e l e c t r o l y t e  a t  25°C • (w t

% AcNH2 )

From r e c e n t  w o rk s^ A , 5 ]  i t  fo l lo w s  t h a t  s t r u c t u r a l  ch an g es  
ta k in g  p la c e  i n  th e  s o lu t io n  i l l u s t r a t e  th e  te m p e ra tu re  c o e f ­
f i c i e n t  Atj^ /A T  o f  r e l a t i v e  v i s c o s i t y  b e t t e r  th a n  r e l a t i v e  
v i s c o s i t y .  In  c a s e  o f  e l e c t r o l y t e  o rd e r in g  s o lv e n t  s t r u c t u r e  
A î}r / A Î  c o e f f i c i e n t  i s  n e g a t iv e  and p o s i t i v e  f o r  s t r u c t u r e  
b re a k in g  e l e c t r o l y t e s .

The a n a ly s i s  o f  therm odynam ica l p r o p e r t i e s  o f  e l e c t r o l y t e



s o l u t io n s  i n  m o lten  ace tam id e  [ 6 ]  a llo w ed  to  o b se rv e  a c e r t i n  
s i m i l a r i t y  o f  th e  above m en tioned  s o lu t io n s  to  aqueous so ­
l u t i o n s .  Thus i t  seemed i n t e r e s t i n g  to  c a r r y  o u t  th e  v i s c o s i -  
m e tr ic  i n v e s t i g a t i o n s  o f  Nal s o lu t io n s  in  m ixed w a te r - a c e t -  
am ide s o l v e n t s .  Such i n v e s t i g a t i o n s  co u ld  su p p ly  c e r t a i n  i n ­
fo rm a tio n  on i n t e r a c t i o n  among w a te r  and a c e tam id e  m olecu­
l e s .

F ig .  2 .  D ependence o f  v i s c o s i t y  o f  Nal s o lu t io n s  in  w a te r - a c e t -  
araide s o lv e n ts  v s .  c o n c e n t r a t io n s  o f  e l e c t r o l y t e  **0 C (w t

% AcNH2 )



E x p e r im e n ta l

The m ixed w a te r -a c e ta m id e  s o lv e n t s  w ere p re p a re d  from  tw ic e  
d i s t i l l e d  w a te r  and  ac e tam id e  p . a .  by "Xenon" -  Ł ódź. The 
way o f  p u r i f y in g  ac e tam id e  and Nal was d e s c r ib e d  e a r l i e r  [ 7 ] .  
F o r  th e  m easurem ents o f  v i s c o s i t y  o f  Nal s o l u t io n s  In  w a te r



ac e ta m id e  s o lv e n ts  th e  U bbe lohde’ s v is c o m e te r  by S c h o t t  -  Cen 
M ainz (Je n a  G la s s )  was u s e d .  ,

The v is c o m e te r  was p la c e d  in  l i q u i d  t h e r  m o s ta te  a llo w in g  
to  keep  th e  r e q u ir e d  te m p e ra tu re  w ith  th e  p r e c i s io n  to  +0.05°C. 
The e r r o r  o f  v i s c o s i t y  m easurem ents was ,+ 0 .5# . The r e s u l t s  o f  
v i s c o s i t y  m easurem ents o f  Nal s o lu t io n s  i n  w a te r-a c e ta m id e  
s o lv e n t s  a t  th e  tem p , 2 5 °, 4 0 ° , 6 0 ° , 75° and 85°C a r e  p r e ­
s e n te d  on F ig .  1-5«

F ig .  A. Dependence o f  v i s c o s i t y  o f  Nal s o lu t io n s  in  v * ^ te r -a c e t-  
am ide s o lv e n ts  v s .  c o n c e n tr a t io n  o f  e l e c t r o l y t e  a t  75 C 'vwt

% AcNH2 )

The d is c u s s io n  o f  r e s u l t s

As i t  s ee n  from F ig .  1 - 5 ’ t h e  v i s c o s i t y  o f  t h e  in v e s t i g a t e d  
H20-AcNH2-Na I t e r n a r y  system  grows w i th  th e  i n c r e a s e  o f  e l e c -



t r o l y t e  c o n c e n t r a t io n  i n  th e  s o l u t io n .  The in c r e a s e  o f  v i s c o ­
s i t y  o f  th e  s o lu t io n  i s  th e  l e a s t  in  s o lv e n ts  w ith  sm a ll a c e t -  
am ide c o n te n ts  and i t  grow s g r a d u a l ly  w ith  th e  in c r e a s e  o f  
n o n e l e c t r o l y te  c o n te n ts  in  th e  s o l u t io n .  I t  seem s p ro b a b le  t h a t  
th e  o b se rv e d  in c r e a s e  o f  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  te r n a r y  
sy stem  w ith  th e  in c r e a s in g  a c e ta m id e  c o n te n ts  i n  th e  s o lu t io n



F ig .  6 .  Dependence o f  r e l a t i v e  v i s c o s i t y  o f  Nal s o lu t io n s  in  wa- 
te r - a c e ta m id e  s o lv e n t s  v s .  c o n c e n tr a t io n  and ac e tam id e  c o n te n ts

a t  25°C ( v t  *  AcNH2 )

F i g .  7 .  D ependence o f  r e l a t i v e  v i s c o s i t y  . ^ ^ i S ^ d ? 38 c o i -  
v a te r - a c e ta m id e  s o lv e n ts  v s .  ac e ta i6 id e

t e n t s  a t  40°C (w t % AcNH2 )



i s  ca u sed  by th e  p re se n c e  o f  g r e a t e r  a c e tam id e  m o lecu le s  and by 
th e  fo rm a tio n  o f  m ixed a s s o c i a t e s  composed o f  w a te r  and a c e t -  
am ide m o lecu le s  w ith  th e  c o n t r ib u t io n  o f  h ydrogen  b o n d s .

From th e  d i e l e c t r i c  i n v e s t i g a t i o n s  [8 -1 0 ]  i t  fo l lo w s  t h a t  
hydrogen  bonds among w a te r  and ac e tam id e  m o le c u le s  a r e  s l i g h t l y  
?eaker th a n  hydrogen  bonds in  p u re  w a te r .  I t  can  be th u s  e x -



p o c te d  t h a t  th e  o b se rv ed  g r e a t e r  e f f e c t  o f  te m p e ra tu re  ch an g es 
on th e  v i s c o s i t y  o f  HgO-AcNHg-Nal system  in  com parison  w ith  
HgO-Nal b in a ry  system  i s  cau sed  by a p a r t i a l  d i s i n t e g r a t i o n  o f  
m ixed w a te r-a c e ta m id e  a a o c ia te s  p r e s e n t  in  th e  s o l u t io n .

[mole/dm3] 

0,9 CNoI

75 »C



F ig .  1 
v a t e r -

Imole/dm3 ]

0 .  D ependence o f  r e l a t i v e  v i s c o s i t y  o f  Nal s o lu t io n s  in  
ac a tam id e  s o lv e n ts  v s .  c o n c e n t r a t io n  and a c e tam id e  con­

t e n t s  a t  85°C (vrt % AcNH2 )

85 °C



The d i s c u s s e d  above ch an g es  o f  v i s c o s i t y  o f  H20-Ac.NH2-NaI 
t e r n a r y  aystem  a s  a f u n c t i o n  o f  c o n c e n t r a t i o n  and te m p e r a tu re  a r e  
more v i s i b l e  i n  c a s e  o f  r e l a t i v e  v i s c o s i t y  o f  t h e  i n v e s t i g a t e d  
s y s te m s .  The dependence  o f  r e l a t i v e  v i s c o s i t y  r)r  o f  Nal so ­
l u t i o n s  in  w a te r  a c e tam id e  s o l v e n t s  on th e  s a l t  c o n c e n t r a t i o n ,  
n o n e l e c t r o l y t e  c o n t e n t s  and t e m p e ra tu re  i s  p r e s e n t e d  on F i g .  
6- 10 .

I t  can be e a s i l y  n o t i c e d  t h a t  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 o l u t i o n s  grows w i th  th e  I n c r e a s e  o f  e l e c t r o l y t e  con­
c e n t r a t i o n  and ac e ta m id e  c o n t e n t s  i n  th e  mixed s o l v e n t s .  I t  can 
be supposed  t h a t  t h e  i n c r e a s e  o f  r e l a t i v e  v i s c o s i t y  o f  th e  d i s ­
c u s s e d  sy s tem s  i s  c a u s e d  by grow ing volume o f  s o l v a t i o n s  shells 
a ro u n d  i o n s .  In  o r d e r  to  v e r i f y  t h i s  h y p o t h e s i s  th e  v a l u e s  o f  
l i m i t i n g  e f f e c t i v e  f lo w in g  volume o f  Nal i n  w a te r - a c e ta m id e  s o l ­
v e n t s  were c a l c u l a t e d  o v e r  t h e  t e m p e ra tu re  ra n g e  25-85°C (T ab le  
1 ).

"  T a b 1 e 1

The v a l u e s  o f  th e  l i m i t i n g  e f f e c t i v e  f lo w in g  
volume (cm V m ole) o f  Nal i n  w a te r  a c e tam id e  

s o l v e n t s  w i th in  th e  t e m p e r a tu re  ra n g e  25-85°C

T(°C)
5  w t  % 

AcNH2

1 5  w t  % 

AcNH2

3 0  w t  % 

AcNH2

5 0  w t  % 

AcNH2

7 0  w t  % 

a c n h 2

8 5  w t  %

a c n h 2

9 5  w t  % 

AcNH2

2 5 16 2 4 3 2 36 - •* -

4 0 24 2 8 4 0 4 4 - - -

60 2 8 36 4 8 5 6 7 6 - w

7 5 36 4 4 56 64 8 4 - -

8 5 4 0 4 8 6 0 6 8 9 2 1 3 2 168

The l i m i t i n g  e f f e c t i v e  f l o w i n g  volum e o f  Nal i n  th e  i n ­

v e s t i g a t e d  s o l u t i o n s  w a s  o b t a i n e d  by  e x t r a p o l a t i o n  t o  c  *  0  o f  

a f f e c t i v e  f l o w i n g  v o l u m e s  c a l c u l a t e d  f r o m  E i n s t e i n ’ s  e q u a t i o n s

c o n c e r n i n g  r e l a t i v e  v i s c o s i t y  o f  t h e  s o l u t i o n s

i) /  t)0 -  1 ♦ 2.5cVe (1 )



«toare :
c -  m o la r c o n c e n t r a t io n  o f  th e  s o lu t io n
V# -  e f f e c t i v e  f lo w in g  volum e o f  e l e c t r o l y t e  1 .  e .  th e  volum e 

o f  1 mole o f  io n s  to g e th e r  w ith  s o lv a t io n a  s h e l l s .

As i t  I s  see n  from  T ab le  1 th e  l i m i t i n g  e f f e c t i v e  f lo w in g  
volum e V® o f  Nal in  w a te r-a c e ta m id e  s o lu t io n s  i n c r e a s e s  w ith

J Oth e  g row th  o f  a c e ta m id e  c o n te n ts  and te m p e r a tu re .  G re a te r  V" 
v a lu e s  o f  Nal i n  s o lu t io n s  w ith  g r e a t e r  a c e ta o id e  c o n te n t s  can  
b e  e x p la in e d  by grow ing  c o n t r i b u t i o n  o f  a c e ta m id e  a o le o u le s  In  
s o lv a t io n  o f  io n s  and  th e  d e c re a s e  o f  V° v a lu e  o f  Nal w ith  
g row ing  te m p e ra tu re  can  be c a u se d  by b re a k in g  e f f e c t  o f  th e rm a l 
m o tio n s  o f  m o le c u le s  on m ixed s o lv e n t  s t r u c t u r e .  In  h ig h e r  
te m p e ra tu re  th e  m ixed w a te r -a c e ta m id e  a s s o c i a t e s  w ith  w eaker 
h yd ro g en  bonds a r e  more s u s c e p t ib l e  t o  d i s r u p t i o n  th a n  w a te r  a s ­
s o c i a t e s .  Moré f r e e  m o lecu le s  w hich can ta k e  p a r t  i n  i o n i c  s o l ­
v a t io n  a p p e a r  th e n  i n  th e  s o l u t io n .

U sin g  th e  F ig .  6 -1 0  th e  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  
o f  r e l a t i v e  v i s c o s i t y  At)r /A T  o f  th e  i n v e s t i g a t e d  s o lu t io n s  
w ere d e te rm in e d . The o b ta in e d  v a lu e s  a r e  g iv e n  in  T ab le  2 .

T a b l e  2

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  
o f  r e l a t i v e  v i s c o s i t y  Ai)r /A T o f  N al s o l u t io n s  i n  

w a te r -a c e ta m id e  s o lv e n t s  w ith in  th e  te m p e ra tu re  
ra n g e  25-85°C

a
<m ole /k g  ) 25-40°C 40-60°C 60-75°C 75-85°C

1 2 3 4 5-

5 w t #  AcNH2 (1 . 58 mole % AcNH2 )

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



T ab le  2 ( c o n td .)

1 2 3 4 5

15 v t  5i AcNH2 (5 .1  mole % AcNH2 )

0 .1 0 .1
i

0 .1 0 ,1 0 .1
0 .2 0 .2 0 .2 0 .2 0 .2

0 .3 0 .3 0 .3  . 0 .3 0 .3
0 .4 0 .5 0 .4 0 .4 0 .3

0 .5 0 .6 0 .6 0 .5 0 .4

0 .6 0 .7 0 .7 0 .7 0 .5

. / 30 v t  % AcNH2 (1 1 .5 5  mole % AcNHg)

0 .1 0 .1 0 .1 0 .1 0 .1

0 .2 0 .2 0 .2 0 .2 0 .2

0 .3 0 .4 0 .4 0 .3 0 .3

0 .4 0 .6 0 .5 0 .5 0 .3

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

0 .6 1 .0 0 .7 0 .7 0 .3

50 wt JÉ AcNH2 (2 3 .3 6  mole % AcNH2 )

0 .1 0 .2 0 .1 0 .1 0 .1  _

0 .2 0 .3 0 .3 0 .2 0 .2

0 .3 0 .5 0 .4 _  0 .2 0 .4

0 .4 0 .7 0 .6 0 .3 0 .5  *

0 .5 0 .9 0 .8 0 .4 0 .7

0 .6 1.1 1 .0 0 .6 1 .0

70 w t % AcNH2 (41 mole #  AcNH,>>

0 .1 mm 0 .1 0 .2

0 .2 « - 0 .3 0 .4

0 .3 • - 0 .6 0 .5

0 .4 mm - 0 .9 0 .7

0 .5 mm - 1 .1 0 .9

0 .6 - - 1 .3 1 .1



The te m p e ra tu re  c o e f f i c i e n t  A t̂ A T  o f  w a te r -a c a ta m id e  Nal 
a o lu t io n a  i3  p o s i t i v e  and i t  I n c r e a s e s  w ith  th e  grow ing  s a l t  
c o n c e n t r a t io n  in  th e  s o lu t io n  a l i k e  in  w a te r .  A cco rd in g  to  l i ­
t e r a t u r e  [ 4 ,  11] I t  can s u b s t a n t i a t e  th e  b re a k in g  a f f e c t  o f  d i s ­
s o lv e d  Nal on th e  s t r u c t u r e  o f  w a te r-a c e ta m ld e  s o lv e n t s .

In  o rd e r  to  com pare ac e tam id e  w ith  o th e r  s o lv e n t s  th e  depen­
d en c es  o f  A rjr /A T  c o e f f i c i e n t '  o f  0 .5  m Nal s o lu t io n s  i n  s e v e ­
r a l  w a te r -o rg a n ic  s o lv e n ts  on th e  m ix tu re  c o m p o s itio n  a r e  p r e ­
s e n te d  on F ig ,  11 .

F ig .  1 1 . Dependence o f  A t]x /A T  c o e f f i c i e n t  o f  0 .5  m Nal s o lu ­
t i o n s  i s  s e v e r a l  w a te r -o rg a n ic  s o lv e n ts  on th e  m ix tu re  com posi­
t i o n  w i th in  th e  te m p e ra tu re  ran g e  25 -35°C . 1 -  w a te r - i s o p ro p a -  
n o l  [1 2 ] ;  2 -  water-EM F [1315 3 « w a te r -a c a ta m id e ;  4 -  w a te r -

-fo rm am ide [1 3 ]

From th e  e n c lo s e d  d a ta  i t  fo l lo w s  t h a t  A î]r /A T  c o e f f i c i e n t  
o f  aqueous Nal s o lu t io n s  c o n ta in in g  sm a ll am ounts o f  DMF (u p  to  
~  5 mole % ) and ls o p ro p a n o l  (u p  to  ~  10 mole %) grow s w ith  thev 
in c r e a c in g  o rg a n ic  com ponent c o n t e n t s .  I t  s u b s t a n t i a t e s  th e  
grow ing  b re a k in g  e f f e c t  o f  Nal on th e  s t r u c t u r e  o f  th e s e  mix­
t u r e s .  Thus a c o n c lu s io n  can be drawn t h a t  th e  m ix tu re s  a r e  
more o rd e re d  th an  p u re  w a te r .  T h is  c o n c lu s io n  i s  i n  ag reem en t 
w ith  th e  r e s u l t s  o f  w orks o f  K e s s le r  e t .  a l .  [14 , 1 5 ] .  The 
g r e a t e r  c o n te n ts  o f  DMF and ls o p ro p a n o l In  th e  m ix tu re  c a u s e s  
th e  d e c re a s e  o f  v a lu e  o f  th e  d i s c u s s e d  c o e f f i c i e n t  w hich ch an g es 
I t s  s ig n  i n to  n e g a t iv e .  S im i la r ly ,  in  w a te r-fo rm am ld e  system  
th e  v a lu e  o f  A t]r /A T  c o e f f i c i e n t  d e c re a s e s  w ith  g row ing  am ide



c o n t e n t s .  The n e g a t iv e  s ig n  o f  th e  c o e f f i c i e n t  Ar]r /A T  o f  Nal 
s o l u t io n s  s u b s t a n t i a t e s  th e  o rd e r in g  e f f e c t  o f  th e  d i s s o lv e d  
e l e c t r o l y t e  on th e  s t r u c t u r e  o f  th e  d is c u s s e d  m ix tu r e s .  I t  can  
be  e a s i l y  o b se rv ed  t h a t  from  a l l  th e  d is c u s s e d  s u b s ta n c e s  f o r -  
mamide b re a k s  w a te r  s t r u c t u r e  m o st. In  c a se  o f  w a te r-a c e ta m id e  
sy stem  th e  c o e f f i c i e n t  AT)r /A T  p o in ts  w eakly to  th e  d i s t u r ­
b in g  e f f e c t  o f  N al on th e  s t r u c t u r e  o f  w a te r-a c e ta m id e  m ix tu re s  
a l i k e  In  c a s e  o f  p u re  w a te r  nad m olten  ac e tam id e  [ 4 ] ,  The break-, 
ln g  e f f e c t  o f  Nal s l i g h t l y  in c r e a s e s  w ith  th e  grow ing  c o n te n ts  
o f  a c e tam id e  in  th e  s o l u t io n .  From th e  c a r r i e d  o u t com parison  
i t  fo l lo w s  t h a t  a c e tam id e  w ith  t h r e e  d im e n tlo n a l hydrogen  bond 
l a t t i c e  In  s o l i d  s t a t e  [1 6 -1 8 ]  p ro b a b ly  fo rm s w ith  w a te r  th e  
a s s o c i a t e s  w ith  s p a c ia l  s t r u c t u r e  w h ile  f l a t  form am ide m ole­
c u l e s  [1 9 3  form  c h a in  a s s o c ia te s  w ith  w a te r  [2 0 , 2 1 ] .

U sing  J o n e s -D o le ’ s e q u a tio n  we have d e te rm in e d  th e  v a lu e s  
o f  A and B c o e f f i c i e n t s  o f  Nal s o lu t io n s  in  w a te r-a c e ta m id e  
m ix tu r e s .  The c o e f f i c i e n t  A s u b s t a n t i a t in g  tn e  e l e c t r o s t a t i c  
i n t e r a c t i o n s  among io n s  in  th e  s o lu t io n s  i s  c lo s e  to  z e ro  and 
a lm o s t d o e s n ' t  change w ith  th e  grow ing te m p e ra tu re .  The v a lu e s  
o f  B c o e f f i c i e n t  (T a b le  3) b e in g  th e  m easure o f  i n t e r a c t i o n s

T a b l e  3

The v a lu e s  o f  B (1 /m o le )  c o e f f i c i e n t  o f  
Jo n e s -D o le ’ s e q u a tio n  o f  Nal in  w a te r-a c e ta m id e  

s o lv e n ts

- — \--------

T (°C )
5 w t 54 

AcNH2

15 wt % :30 w t %

AcNH0 i AcNH,2 , • 2

50 wt % 

AcNr^

70 wV % 

AcNH2

85 wt % 

AcNH2

95 wt #  

AcNH2

25

--------------

0 .0 4
.

0 .0 6 0 .0 8 0 .0 9 - - -

40 0 .0 6 0 .0 7 0 .1 0 0 .1 1 - -

60 C .07  . 0 .0 9 0 .1 2 0 .1 4 0 .1 9 - -

75 0 .0 9 0 .1 1 0 .1 4 0 . 16' 0 .2 1 - -

85 0 .1 0 0 .1 2 0 .1 5 0 .1 7 0 .2 3 0 .3 3 0 .4 2

among io n s  and m o lecu le s  o f  th e  s o lv e n t  a r e  p o s i t i v e  i n  c a s e  o f  
th e  s o lu t io n s  i n v e s t i g a t e d  by u s .  The v a lu e s  o f  t h i s  c o e f f i c i e n t  
i n c r e a s e  w ith  th e  grow ing c o n te n ts  o f  a c e tam id e  in  th e  mixed



s o lv e n t  and w ith  th e  te m p e ra tu re  g ro w th . From t h l a  I t  fo l lo w s  
t h a t  th e  e f f e c t  o f  th e  a d d i t io n  o f  ace tam id e  on e l e c t r o l y t e -  
- w a te r  i n t e r a c t i o n s  i s  s im i l a r  to  th e  e f f e c t  o f  te m p e ra tu re . I t  
i s  known t h a t  te m p e ra tu re  g row th  h a s  b re a k in g  e f f e c t  on th e  
s o lv e n t  s t r u c t u r e ,  so ac e tam id e  m o lecu le s  a l s o  c a u se  th e  d i s ­
tu rb a n c e  o f  s t r u c t u r e  o f  aqueous Nal s o l u t i o n s .  I t  seem s p ro ­
b a b le  t h a t  t h i s  f a c t  i s  c o n n e c te d  .w i th  th e  a f f i n i t y  o f -  a c a t -  
am ide m o lecu le s  ( h y d r o p h i l ic  c h a r a c te r )  to  w a te r .  The fo rm a tio n  
o f  mixed a s s o c ia te s  from  w a te r  and ac e tam id e  m o lecu le s  bound by 
h ydrogen  bonds d i s t u r b s  th e  s t r u c t u r e  o f  aqueous Nal s o l u t io n .  
A s i m i l a r  c o u rs e  o f  r e l a t i o n  o f  B c o e f f i c i e n t  o f  NagSO^ and 
MgSO  ̂ to  ac e tam id e  c o n te n ts  in  mixed H?0-AcNH2 s o lv e n t  was 
o b se rv e d  by D. S in g h , N, P . S ingh  and L. B ahadur [ 2 2 ] .

The i n v e s t i g a t i o n s  o f  v i s c o s i t y  o f  HgO-AcNt^-Nal sy stem  in  
f i v e  te m p e ra tu re s  c a r r i e d  o u t by u s a llo w ed  to  c a l c u l a t e  th e  
v a l u e s  o f  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
from  E y r in g ’s  e q u a tio n :

i ,
Vv w AG ^ m AH ao* .

Tj ■ - y - exp —j>£rj5 ■ ~y~ exp — exp —g ( 2 )

w here:
h -  P la n c k ’s  c o n s ta n t  
N -  A v o g a rd o 's  number
V -  m o lar volum e o f  s o lv e n t  
R -  g a s s  c o n s ta n t

AG*, AH* and AS* -  f r e e  e n e rg y , 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  f lo w .

I t  fo l lo w s  from  th e  l i t e r a t u r e  [2 3 -2 5 ]  t h a t  in  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  e l e c t r o l y t e s  b o th  AH* and AS* in c r e a s e  
w ith  th e  grow ing  s a l t  c o n c e n t r a t io n ,  w h ile  s o lv e n t  s t r u c t u r e  
b re a k in g  e l e c t r o l y t e  c a u se s  th e  d e c re a s e  o f  th e  v a lu e s  o f  th e s e  
f u n c t i o n s .  D is c u s s in g  th e  v a lu e s  from  T a b le s  4 -7  i t  can be n o - 
t iv e d  t h a t  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  f lo w  o f  Nal s o lu ­
t i o n  in  w a te r-a c e ta m id e  m ix tu re s  d e c re a s e s  w ith  th e  grow th  o f  
s a l t  c o n c e n t r a t io n  and te m p e ra tu re ,  s i m i l a r ly  t o  w a te r  [ 2 4 ] ,  
Tne grow th  o f  a c e tam id e  c o n te n ts  in  mixed s o lv e n t  on th e  o th e r  
h an d , c a u s e s  th e  in c r e a s e  o f  th e  v a lu e  e n th a lp y  o f  a c t i v a t i o n .



T a b l e  4

25° 40° 60° 75° 85°
AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG* AS*

m o le kJ kJ J kJ kJ J kJ kJ J kJ kJ J kJ kJ J
kg mole mole mole*K mole mole mole*K mole mole mole *K mole mole mole*K mole mole mole-K

0 .0 2 16.86 9 .4 7 24 .a 15 .76 9 .1 3 2 1 .2 14.46 8 .7 9 17.0 1 3 .5 8 8 .5 7 1 4 .4 13 .04 8 .4 5 1 2 .8
0 .0 5 16.85 9 .4 7 -24.8 15 .75 9 .1 3 21.1 14 .42 8 .7 9 16 .9 13 .53 8 .5 8 1 4 .2 12 .98 8 .4 6 1 2 .6
0 .0 8 16.85 9 .4 8 2 4 .7 15 .73 9 .1 4 2 1 .0 14.39 8 .8 0 1 6 .8 1 3 .4 8 8 .5 9 1 4 .0 1 2 .9 2 8 .4 7 1 2 .4
0 .1 0 16 .85 9 .4 8 2 4 .7 15.71 9 .1 4 2 1 .0 1 4 .3 6 8 .8 0 16 .7 1 3 .4 5 8 .6 0 1 3 .9 1 2 .88 8 .4 8 1 2 .3
0 .1 5 16 .83 9 .4 8 2 4 .7 15.68 9 .1 5 2 0 .9 14 .30 8 .8 1 1 6 .5 1 3 .3 7 8 .6 1 1 3 .7 12 .80 8 .4 9 1 2 .0
0 ,2 0 16.81 9 .4 9 2 4 .6 15.64 9 .1 6 2 0 .7 14 .25 8 .8 2 16 .3 13 .30 8 .6 3 1 3 .4 12 .72 8 .5 1 1 1 .8
0 .3 0 16.76 9 .5 0 2 4 .4 15.57 9 .1 7 2 0 .4 1 4 ,14 8 .8 3 1 6 .0 13.19 8 .6 6 1 3 .0 1 2 .5 9 8 .5 4 1 1 .3
0 .4 0 16.68 9 .5 1 24,1 15.48 9 .1 9 20.1 14 .05 8 .8 5 1 5 .6 13 .09 8 .6 8 1 2 .7 12 .49 8 .5 6 1 1 .0
0 .5 0 16.57 9 .5 2 2 3 .7 15.39 9 .2 0 19 .8 13.97 8 .8 7 1 5 .3 1 3 .02 8 .7 1 1 2 .4 12 .43 8 .5 9 1 0 .7
0 .6 0 16 .45 9 .5 2 2 3 .2 15.29 9 .2 2 1 9 .4 13.90 8 .9 0 1 5 .0 12 .97 8 .7 4 1 2 .2 12 .39 8 .6 2 1 0 .5



T a b l e  5

I
25°

. . . . . . . . .  . ---- -r-

40°

---—— .............. . ■■ ----« A ...

60° 75° 8 5 °
m

AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG*
■ —  —i 
AS*

mole k J kJ J •kJ kJ J kJ k J J k J k J J kJ kJ Jkg mole mole mole-K mole mole mole-K mole mole mole*K m ole mole mole*K mole
•
mole mole^K

0 .0 2 1 7 .3 8 1 0 .1 2 2 4 .4 16 .63 9 ,7 7 2 1 .9 15.73 9 .4 2 1 8 .9 1 5 .12 9 .1 6 17.1 14 .74 9 .0 1

----

1 6 ,0
0 .0 5 1 7 .3 5 1 0 .1 2 2 4 .3 1 6 .60 9 .7 8 2 1 .8 15 .70 9 .4 3 1 8 .8 15.09 9 .1 7 1 7 .0 14.72 9 .0 2 1 5 .9
0 .0 8 17 .32 1 0 .1 3 2 4 .2 16.57 9 .7 8 2 1 .7 15 .67 9 .4 3 1 8 .7 15 .06 9 .1 8 1 6 .9 14 .69 9 .0 3 1 5 .8
0 .1 0 17.30 1 0 .1 3 . 2 4 .1 1 6 .55 9 .7 9 2 1 .6 1 5 .65 9 .4 4 1 8 .6 15 .05 9 .1 8 1 6 .8 14 .67 9 .0 4 1 5 .7
0 .1 5 1 7 .2 5 1 0 .1 4 2 3 .9 1 6 .5 0 9 .7 9 2 1 .4 15 .61 9 .4 5 1 8 .5 1 5 .00 9 .2 0 1 6 .7 14.63 9 .0 6 1 5 .6
0 .2 0 17.21 1 0 .1 4 2 3 .7 1 6 .4 6 9 .8 0 2 1 .3 1 5 .5 6 9 .4 7 1 8 .3 14 .95 9 .2 1 1 6 .5 14.58 9 .0 7 1 5 .4
0 .3 0 17 .14 1 0 .16 2 3 .4 1 6 .3 7 9 .8 2 2 0 .9 1 5 .4 6 9 .4 9 1 7 .9 1 4 .8 5 9 .2 5 16.1 14.47 9 .1 1 1 5 .0
0 .4 0 1 7 .08 10 .17 2 3 .2 1 6 .3 0 9 .8 4 2 0 .6 1 5 .3 6 9 .5 1 1 7 .6 1 4 .7 3 9 .2 8 1 5 .7 14.34 9 .1 4 1 4 .5

0 .5 0 17 .04 1 0 .1 8 2 3 .0 1 6 .2 3 9 .8 5 2 0 .4 15 .26 9 .5 4 1 7 .2 1 4 .6 0 9 .3 1 1 5 .2 1 4 .20 9 .1 8 1 4 .0
0 .6 0 1 7 .02 1 0 .2 0 2 2 .9 1 6 .17 9 .8 7 20 .1 1 5 .1 5 9 .5 6 1 6 .8 1 4 .47 9 .3 4 1 4 .7 1 4 .04 9 .2 1 1 3 .5



T a b l e  6

25° 40° 60° 75°

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

°u->0
0

m
AH* AG* AS* AH* AG* AS* AH* AG* AS*

X<

AG* AS* AH* AG* AS*

mole kJ kJ J kJ k J J kJ kJ J k J kJ J kJ k J J
kg mole mole mole*K mole molo mole*K mole mole mole*K mole mole m o le •K mole mole mole*K

0 .0 2 19 .00 11 .16 2 6 .3 18.03 10 .80 23.1 16 .87 1 0 .4 4 1 9 .3 1 6 .0 9 1 0 .1 6 17 .0 15.61 1 0 .04 1 5 .6

0 .0 5 1 8 .96 11.17 26.1 18 .00 10.81 2 3 .0 1 6 .8 4 1 0 .4 5 1 9 .2 16.06 1 0 .1 7 1 6 .9 1 5 .5 8 10 .05 1 5 .4

0 .0 8 18 .93 11 .17 2 6 .0 17.96 10.31 2 2 .8 16.81 10 .46 19.1 16.03 1 0 .1 8 1 6 .8 15 .55 1 0 .0 7 1 5 .3

0 .1 0 18.91 11 .18 2 5 .9 17.94 10.82 2 2 .7 16 .79 10 .47 1 9 .0 16.01 1 0 .1 9 1 6 .7 15.53 1 0 .07 1 5 .2

0 .1 5 1 8 .85 11 .19 2 5 .7 17.89 1 0 .83 2 2 .5 16.74 10 .48 1 8 .8 15.96 10.21 1 6 .5 15 .48 10 .10 1 5 .0

0 .2 0 18.79 1 1 .20 2 5 .5 17.83 10 .84 2 2 .3 16 .68 1 0 .5 0 1 8 .6 15.91 1 0 .2 3 1 6 .3 15 .43 10 .12 1 4 .8

0 .2 0 18 .68 11 .22 25.1 17 .72 10.87 2 1 .9 1 6 .58 10 .53 1 8 .2 15.81 10 .27 15 .9 15 .33 1 0 .16 1 4 .4

0 .4 0 1 8 . 5 e 1 1 .2 4 2 4 .6 17.62 1 0 .89 2 1 .5 16.48 10.57 17 .8 15.71 10.31 1 5 .4 15 .24 10 .20 14.1

j  0 .5 0 1 8 . 4 7 1 1 .2 6 2 4 .2 17.52 10.91 21.1 16 .39 10 .60 17 .4 15 .62 1 0 .3 6 15.1 15 .15 10.24 1 3 .7

}0.6Q 18 .37 1 1 .28 2 3 .8 17 .42 10 .93 2 0 .7 16.29 1 0 .6 ? 17 .0 15.53 10.40 1 4 .7 15.05 10 .28 13 .3



T a b l e  7
»

25° 40° 60° 75° 85°

• AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG* AS* AH* AG* AS*

mole kJ k J J k J k J J kJ kJ J k J kJ J k J kJ ■J
Kg mole mole m o le•K mole mole m o le•K mole mole mole-K mole mole m ole-K mole mole mole*K

0 .0 2 2 2 .5 7 1 2 .8 0 3 2 .8 20.65 1 2 .3 5 2 6 .5 18.37 1 1 .9 7 1 9 .2 16.83 1 1 .7 5 1 4 .6 15 .87 11.61 1 1 .9

0 .0 5 2 2 .5 4 1 2 .8 0 3 2 .7 >0.62 1 2 .3 6  >.2 6 .4 18.33 1 1 .9 8 19.1 16.79 11 .76 1 4 .5 1 5 .83 1 1 .62 1 1 .7

0 .0 3 2 2 .5 2 12.81 3 2 .6 20.59 1 2 .3 6 2 6 .3 18.30 1 1 .9 9 1 9 .0 16.75 1 1 .7 7 1 4 .3 15 .79 1 1 .6 4 1 1 .6

0 .1 0 2 2 .5 0 12.81 3 2 .5 20.57 1 2 .37 2 6 .2 18.28 1 1 .99 18 .9 16.73 1 1 .7 8 1 4 .2 15.77 1 1 .65 1 1 .5

0 .1 5 2 2 .4 4 1 2 .8 2 3 2 .3 20.52 1 2 .3 8 2 6 .0 »8.22 12.01 18 .6 16.67 1 1 .8 0 1 4 .0 15.71 11 .67 1 1 .3

0 .2 0 2 2 .3 7 1 2 .8 4 3 2 .0 20.45 12 .39 2 5 .8 18.16 1 2 .0 3 1 8 .4 16.62 1 1 .8 3 1 3 .8 15 .66 11 .69 11.1

0 .3 0 2 2 .2 2 1 2 .8 6 3 1 .4 20.31 1 2 .4 2 2 5 .2 18 .05 1 2 .07 1 7 .9 16.52 1 1 .8 7 1 3 .3 15.57 1 1 .7 4 1 0 .7

0 .4 0 2 2 .0 2 1 2 .8 8 3 0 .7 2 0 .1 6 1 2 .45 2 4 .6 17.94 1 2 .12 1 7 .5 16.43 1 1 .9 3 1 2 .9 1 5 .50 1 1 .79 1 0 .4 '

0 .5 0 2 1 .8 0 1 2 .9 0 2 9 .8  • 19 .99 1 2 .48 2 4 .0 17 .82 1 2 .1 6 17 .0 16.37 1 1 .9 8 1 2 .6 1 5 .46 1 1 .8 4 10.1

0 .5 0 2 1 .5 5 1 2 .9 3 2 8 .9 1 9 .80 12 .52 2 3 .3 17.71 12.21 1 6 .5 16.31 1 2 .0 4 1 2 .3 15.44 1 1 .90 9 .9



From t h i s  I t  f o l lo w s  t h a t  Nal In t ro d u c e d  to  w a te r - a c e ta m id e  s o l ­
v e n t  a c t s  s i m i l a r l y  to  th e  growth o f  te m p e ra tu re  i .  e .  b re a k s  
s o l v e n t  s t r u c t u r e .  F lu id  f low  o f  th e  s o l v e n t  w i th  d i s t u r b e d
s t r u c t u r e  r e q u i r e s  s m a l l e r  i n p u t  o f  e n e rg y .  The a d d i t i o n  o f  a c e t -  
amide c a u s e s  o p p o s i t e  e f f e c t .  The i n c r e a s e  o f  a c e tam id e  con­
t e n t s  i n  aqueous Nal s o l u t i o n  c a u s e ,  a s  i t  was m entioned  above , 
t h e  fo rm a tio n  o f  g r e a t e r  and g r e a t e r  ammounts o f  mixed a s s o c i a ­
t e s ,  which makes t h e  f l u i d  f low  o f  th e  s o l u t i o n  more d i f f i c u l t .  
Thus th e  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  f low  grows w i th  th e  
i n c r e a s i n g  a c e t a n i d e  c o n t e n t s  i n  t h e  s o l u t i o n .  S im i l a r  c o n c lu ­
s io n s  ab o u t  t h e  e f f e c t  o f  Nal and ace tam id e  on t h e  s t r u c t u r e  o f  
i n v e s t i g a t e d  sys tem s can  be drawn from th e  a n a l y s i s  th e  depen ­
dence  o f  a c t i v a t i o n  e n t ro p y  f o r  f l u i d  f low  o f  th e  d i s c u s s e d  
sy s tem s  on th e  s o l u t i o n  c o n c e n t r a t i o n ,  ac e tam id e  c o n t e n t s  in  th e  
mixed s o l v e n t  and on t e m p e r a tu r e .
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BADANIA WISKOZYMETRYCZNE 
UKŁADU TRÓJSKŁADNIKOWEGO HjO-AcNHj-Nal 

W ZAKRESIE TEMPERATURY 25-85 C

Zm ierzono le p k o ś ć  roztw orów  Nal w m ieszanych  ro z p u s z c z a ln i ­
k ac h  w odnoacetam ldow ych w z a k r e s ie  te m p e ra tu ry  25-85  C, P rzed y ­
skutow ano z a le ż n o ś ć  l e p k o ś c i ,  le p k o ś c i  w zg lęd n e j o r a z  
term odynam icznych  a k ty w a c ji  le p k ie g o  p rzep ływ u  badanych 
rów w z a le ż n o ś c i  od s t ę ż e n ia  ro z tw o ru  i  te m p e ra tu ry .

f u n k c j i
ro z tw o -
Wyfcnuto

w n io sk i d o ty c z ą c e  wpływu 
u k ład ó w .

Nal i  ac e tam id u  n a  s t r u k tu r ę  badanych

C?e$aHH.R TłH eBC K a-O cHH fccica , MapflH B oJiM aw

BHCCKOaHSIEPPHMJS^ME HOCJIEHOBAHHfl CHCTEMU HoO-iteNH2-N al 
B ¿HrEPBAHE TE.’iISPATyPJ 25-85 w

Oape*e/s*Ha wiskoctb c a c T e i H20-AcHH2-NaI b HHTeP®^®DaTVPHufl 
p ary p u  2o «3*0. PaccwHTaHO OTHOCHTejibHyw &H3KOcrb, TexnepaTypHJH 
K03W»HueHT Ał)r /AT A TepuonHHawaMecKHe tj)yhkumh  °
t eneHhji. AHaji«3 rio;iy«ieHKbix *aHHHx b  saBHCHWocTH o t  
TeunepaTypu no3Boaiw cs.ejta .T b  b u b o a ,  hto utai pa3pymae py- ypy
pacTBopMTeaa BOna-ai;eTaMHą.


