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

The d e n s i ty  o f  aqueous ac e tam id e  s o lu t io n s  was m easu­
re d  o v e r  th e  te m p e ra tu re  ra n g e  25-85  C,

From th e  o b ta in e d  d e n s i ty  d a ta  a p p a re n t  m o la l volum e 
o f  a c e tam id e  i n  w a te r  and volum e e x p a n s ib i l i t y  c o e f f i ­
c i e n t  w ere c a l c u l a t e d .

The a n a ly s i s  o f  ch a n g es  o f  th e s e  f u n c t io n s  in  r e l a t i o n  
to  a c e tam id e  c o n c e n t r a t io n  and te m p e ra tu re  a llo w ed  to  con­
c lu d e  on b re a k in g  e f f e c t  o f  a c e tam id e  on w a te r  s t r u c t u r e .

The therm odynam ic i n v e s t i g a t i o n s  o f  e l e c t r o l y t e  s o lu t io n s  i n  
m olten  ac e tam id e  showed c e r t a i n  s i m i l a r i t y  o f  th e  m olten  a c e ta ­
mide to  w a te r  u sed  a s  e l e c t r o l y t e  s o l v e n t s .  I t  seem s p o s s ib le  
t h a t  t h i s  s i m i l a r i t y  i s  due to  th e  e x is ta n c e  o f  th e  p a r t i a l l y  
d i s tu r b e d  t h r e e -  d im e n tlo n a l  n e tw o rk  o f  H -bonds i n  b o th  s o lv e n ts  
[ 1 ] .

The p r e s e n t  p a p e r  d e a l s  w ith  th e  d e n s im e tr ic  i n v e s t i g a t i o n s  
o f  a c e tam id e  aq ueous s o lu t io n s  w hich we in te n d  to  u se  a s  e l e c ­
t r o l y t e  s o l v e n t s .  We have m easured  th e  d e n s i ty  o f  w a te r - a c e ta -  
m ide system  in  th e  te m p e ra tu re  ra n g e  25 -85°C . D e n s ity  v a lu e s  o f  
th e  s o lu t io n s  e n a b le  th e  c a l c u l a t i o n  o f  a p p a re n t  m olal • volum e 
o f  th e  s o lu t e  and th e  volume e x p a n s ib i l i t y  c o e f f i c i e n t  o f  th e

• I n v e s t ig a t e d  s o l u t i o n s .  The c o n c e n t r a t io n  and  te m p e ra tu re  e f f e c t  
on th e  c a lc u l a t e d  q u a n t i t i e s  makes i t  p o s s ib le  to  draw c e r t a i n  
c o n c lu s io n s  on th e  e f f e c t  o f  th e  d is s o lv e d  s u b s ta n c e  on th e  s o l ­
v e n t .



Expe r im e n ta l

Reagents

The s o lu t io n s  u sed  f o r  I n v e s t i g a t i o n s  w ere p re p a re d  by n ix ­
in g  th e  w e ig h ted  am ounts o f  tw ic e  d i s t i l l e d  w a te r  w ith  a c e t a -  
o l d e .  A n a ly t ic a l  g ra d e  a c e tam ld e  "X enon-L6di" p ro d u c t  p rev io u s ly  
c r y s t a l l i z e d  from  m ethano l and  d r i e d  f o r  ab o u t 50 h o u rs  a t  th e  
te m p e ra tu re  60°C was u sed  f o r  th e  i n v e s t i g a t i o n s .  The m e ltin g  
te m p e ra tu re  o f  a c e ta m id e  was 81-82°C  w hich i s  i n  a c co rd a n ce  
■wt^h l i t e r a t u r e  d a ta  [ 2 - 5 ] ,

A p p a ra tu s

The d e n s i ty  m easurem ents o f  th e  I n v e s t ig a t e d  s o lu t io n s  were 
p e rfo rm ed  w ith  th e  u se  m ag n etic  d e n s im e te r  c o n s t r u c te d  i n  o u r 
l a b o r a t o r y ,  b a s in g  on th e  d e s c r i p t i o n  in c lu d e d  in  th e  w orks o f  
M il le ro  and F ran k s  [ 6 - 8 ] .  The d e n s im e te r  a p p l ie d  by u s  con­
s i s t e d  o f  a  g l a s s  v e s s e l  (P y re x )  o f  100 ml c a p a c i ty ,  g l a s s  f l o a t  
w i th  a  m ag n etic  c o re  a t ta c h e d  to  i t  by means o f  p o ly e th y le n e  and 
a  s u p p o r t  made o f  b r a s s ,  c o n ta in in g  two s o le n o id s  i n  i t s  lo w er 
p a r t .  The s u b s id ia r y  u p p er s o le n o id  s e rv e d  to  move th e  f l o a t  
I n to  th e  m ag n e tic  f i e l d  o f  th e  lo w er m easu rin g  s o le n o id .  The 
d e n s im e te r  was u sed  in  a  w ide te m p e ra tu re  ra n g e  t h e r e f o r e  th e  
s o le n o id s  were i n s u l a t e d  by p o ly s ty r e n e  and epoxy r e s i n . The 
w e ig h t o f  th e  f l o a t  w a s ' 21 .3933  g and i t s  volum e a t  th e  tem p. 
25 C was 22 .6995  m l. The d e n s im e te r  was p la c e d  i n  a  th e rm o s ta te  
b a th  k e e p in g  th e  d e s i r e d  te m p e ra tu re  w ith  a c c u ra c y  to  ♦Q .02°C.

* '
The D e n s ity  M easurem ents

The d e n s im e te r  f i l l e d  w ith  s o lu t io n  was th e rm o s ta te d  f o r  
a b o u t  60 m in . By means o f  s u b s id ia r y  s o le n o id  th e  f l o a t  i s  mo­
ved  to  th e  bo ttom  o f  th e  g l a s s  v e s s e l  o f ’ d e n s im e te r  and th e  
c u r r e n t  i n  th e  m easu rin g  s o le n o id  i s  sw itc h e d  o n . The i n t e n s i t y



»

o f  th e  c u r r e n t  s lo w ly  d e c re a s e s  up to  th e  moment when th e  f l o a t  
I s  d e ta c h e d  from  th e  bo ttom  o f  th e  v e s s e l .  The m easurem ent was 
b e in g  r e p e a te d  t i l l  th e  c u r r e n t  i n t e n s i t y  a t  th e  moment o f  d é ­
tach em en t o f  th e  f l o a t  became r e p r o d u c ib le .  The d e n s im e te r  was 
c a l i b r a t e d  u s in g  tw ic e  d i s t i l l e d  w a te r  a s  th e  s ta n d a rd  l i q u i d .  
The c u r r e n t  i n t e n s i t y  was d e te rm in e d  by m easu rin g  th e  v o l ta g e  
d ro p  on th e  s ta n d a rd  r e s i s t a n c e  (1Q.) by means o f  d i g i t a l  v o l t ­
m e te r  o f  th e  V 534 ty p e  by M e ra -T ro n ic ,

The d e n s i ty  o f  th e  s o lu t io n  was c a lc u l a t e d  from  th e  form ula:

W + w ♦ f i
d m u--------/ , -----  ( 1 )V ♦ w /dp t

w here;
W -  th e  w e ig h t o f  f l o a t
w -  th e  w e ig h t o f  p la tin u m  r in g s  lo a d in g  th e  f l o a t  
f  -  s o le n o id  c o n s ta n t
i  -  c u r r e n t  i n t e n s i t y  i n  th e  m easu rin g  s o le n o id  a t  th e  moment 

o f  d e p a r tu r e  o f  th e  f l o a t  from  th e  b o tto m ,
V -  volum e o f  th e  f l o a t  
d p t  -  p la tin u m  d e n s i ty

The s o le n o id  c o n s ta n t  and th e  f l o a t  volum e a r e  d e te rm in e d  by 
m easu rin g  th e  s ta n d a rd  l i q u i d  d e n s i t y .  The m easurem ents c a r r i e d  
o u t  f o r  aqueous NaCl and  Nal s o lu t io n s  w ere i n  ag reem en t w ith  
l i t e r a t u r e  d a ta  w ith  a c cu ra cy  to  ♦1»10“ '*g/cm3 (N aC l [ 9 ] ,  Nal 

[ 1 0 ] ) .

R e s u l t s

The r e s u l t s  o f  d e n s i ty  m easurem ents o f  a c e tam ld e  s o lu t io n s  
i n  w a te r  a t  th e  te m p e ra tu re s  25°C, 40°C, 60°C, 75 C and  85 C
a r e  g iv en  in  T ab le  1 .

The d e n s i ty  o f  th e  i n v e s t i g a t e d  s o lu t io n s  was u sed  to  c a l ­
c u l a t e  th e  a p p a re n t  m o la l volum e $ v o f  a c e tam id e  in  w a te r  
u s in g  th e  w e ll  -  known fo rm u la :



D e n p it ie a  o f  aqueous ac e tam id «  s o lu  t lo n e

Vłt % XAcNH2

25°C 40°C

d *v d
f

car*
mole c a r

ę - i .
mole

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

2 0 .0 0 6 2 0 .99831 5 5 .5 6 0 .9 9 3 3 6 5 6 .1 8

5 • '0 .0 1 5 8 1.00022 55.51 0 .9 9 5 0 5 5 6 .1 7

8 0 .0 2 5 8 1.00219 55 .46 0 .9 9 6 7 5 5 6 .1 6

10 0 .0 3 2 8 1.00355 5 5 .42 0 .9 9 7 9 2 5 6 .1 4

15 0 .0 5 1 0 1.00695 55 .37 1.00081 5 6 .1 3

20
.

0 .0 7 0 8 1 .01029 5 5 .3 7 1 .00367 56.14

25 0 .0 9 2 2 1.01374 5 5 .3 5 1 .00651 5 6 .1 5

30 0 .1 1 5 5 1.01715 5 5 .3 4 1 .00934 5 6 .1 7

40 0 .1 6 8 8 1-.02378 5 5 .38 1 .01482 5 6 .2 2

50 0 .2 3 3 6 1.03024 5 5 .4 3 1 .01995 5 6 .30

60 0 .3 1 3 7 - 1 .02398 5 6 .4 4

70 0 .4 1 5 5 - - 1 .02704 5 6 .6 5

85 0 .6 3 3 3 - - «* -

95 0 .8 5 2 7 - - •

. 100 1 - - - -

T a  b 1 •  1

l n  th e  te m p e ra tu rę  ra n g ę  25-85°C (g /cm ^)

60°C 75°C 85°C

d $ d
%

d <5wv

“ Vc a r
cm^

" * Tcm"
cm* car*

mole mole mole

0 .98371 57.21 0 .9 7 5 3 2 5 7 .9 2 0 .9 6 9 0 4 5 8 .5 3

0 .9 8 4 1 8 57.21 0 .9 7 5 7 3 5 7 .9 8 0 .9 6 9 4 2 5 8 .5 6

0 .9 8 5 5 8 5 7 .2 2 0 .9 7 6 9 8 5 8 .0 0 0 .9 7 0 5 5 5 8 .5 9

0 .9 0 6 9 6 5 7 .2 4 0 .9 7 8 2 2 58.01 0 .9 7 1 6 8 5 8 .6 0

0 .9 8 7 9 0 5 7 .2 4 0 .97902 5 8 .04 0 .9 7 2 4 4 5 8 .6 0

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

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

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

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

1 .00152 5 7 .3 4 0 .99099 5 8 .1 3 0 .9 8 2 9 7 5 8 .7 6

1.00570 5 7 .3 9 0 .99431 5 8 .2 2 0 .9 8 6 1 6 5 8 .8 2

1.00910 57.51, 0 .9 9 7 0 8 5 8 .3 4 0 .98871 5 8 .9 2

1 . 0,1163 5 7 .6 7 0 .9 9 9 6 0 5 8 .4 5 0 .9 9 0 7 0 5 9 .0 4

1 .01329 5 7 .9 8 1.00079 5 8 .7 5 0 .9 9 2 2 4 5 9 .2 8

mm - «• 0 .9 9 1 9 0 5 9 .4 7

- - > /  - - 0 .9 9 0 7 2 5 9 .6 2
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w here:

MAcNH2 “  th e  m° l « cu l a r  w e ig h t o f  AcNHg

m -  th a  c o n c e n t r a t io n  o f  AcNHg i n  w a te r  i n  m oles p a r  1000 g 
o f  w a te r

d0 -  th e  d e n a i ty  o f  w a te r  
d -  th e  d e n s i ty  o f  th e  s o lu t io n

The o b ta in e d  v a lu e s  $ y AcNH a r e  shown in  T a b le  1 .

The c o n c e n t r a t io n  d ep en d en ce  o f  $ v can  b e  d e s c r ib e d  by th e  
p o ly n o m ia l [1 1 ] i

°  ?$ v -  $ v  ♦ Ay m ♦ By • ac ♦ . . .  ( 3 )

w here:
o

$v  -  a p p a re n t  m o la l volum e o f  n o n e le c t r o ly te  in  t h e  I n f i n i t e l y  
d i l u t e d  s o l u t io n .

I n  th a  ftana o f  th e  a v e ra g e  c o n c e n tr a te d  s o lu t io n »  th e  equa­
t i o n  ( 3 )  can  b e  a p p l i e d  [ l 2 ] t

o
$y  -  $ v  ♦ Ay • a  ( 4 )

The v a lu e  o f  Ay s lo p e  i s  i n t e r e a t i n g  b e c a u se  a c c o rd in g  to  
Mac M illa n -M a y e r 's  s o lu t io n  th e o ry  i t  r e f e r s  t o  th e  i n t e r a c ­
t i o n s  among n o n e le c t r o ly te  m o lecu le»  [1 3 -1 6 ] .

The v a lu e s  o b ta in e d  by e x t r a p o la t io n  o f  th e  e q u a tio n
(4 )  up  to  m -  0  a r e  g iv e n  in  T ab le  2 .  F o r co m p ariso n  th e  v a ­
l u e s  o f  $ v and Ay f o r  o th e r  n o n e l e c t r o ly te s  hav e  b e e n 'a la o  
p la c e d  In  t h i s  T ab le  [1 7 -2 2 ] .

The volum e e x p a n s i b i l i t y  c o e f f i c i e n t  o f  to e  exam ined a c e t a -  
m ide s o lu t io n s  i n  w a te r  was c a l c u l a t e d  from  th e  fo rm u las

a - - J - ( § f )  CMP.X

The d e r iv a t iv e  Od/OT was c a l c u l a t e d  A n a ly t i c a l l y  knowing 
th e  v a lu e s  o f  th e  c o e f f i c i e n t s  o f  th e  e q u a tio n  d  ■ a ♦ b t  +



2
♦ c t  r e p r e s e n t in g  th e  dependence o f  d e n s i ty  on te m p e ra tu re .  
The o b ta in e d  v a lu e s  o f  volume e x p a n s ib i l i t y  c o e f f i c i e n t s  o f  
a c e tam ld e  s o lu t io n s  in  w a te r  a r e  g iv e n  in  T ab le  3 .

T a b l e  2

P a r t i a l  m o lal volum es o f  n o n e l e c t r o l y te s  i n  w a te r

V
Av

cm5 • mole“ 1 i  -2  cm • kg • mole

F 3 8 .6 0 .0 6  [1 7 , 18]

NMF 5 6 .8 7  (2 5 °) 

5 7 .4 5  (3 5 °) 

5 7 .9 5  (4 5 °) •

- 0 .1 5  

-0 .1 5  

-0 .1 1  [ 1 2 ]

AcNH2 55.61 (2 5 ° ) 

5 5 .6  (2 5 ° )

5 6 .2  (4 0 °)

5 7 .2  (6 0 ° )  

5 8 .0  (7 5 °) 

5 8 .5  (8 5 °)

-0 .1 2 3  [1 1 ] 

-0 .1 1  

-0 .0 5  

0 .0 1  

0 .0 1  

0 .0 1

ch3coch3 6 6 .9 2  (2 5 ° )  

6 7 .0  [ 1 7 ]

-0 .3 7 0  [11]

DMSO 6 8 .9 2  (2 5 ° ) -0 .2 6 2  [11]

CHjOH 3 8 .3  [1 9 .2 0 ] - 0 .2

co(nh2 ) 2 4 4 .2 4  (25°)

4 4 .8  (6 0 °)

4 3 .8

0 .1 1 6  [17 , 21, 2 2 ]  

0 .0 7



T a b l e  3

Volume e x p a n s i b i l i t y  c o e f f i c i e n t  o f  aqueous ac e ta m id e  s o lu t io n s
(10® a  [d * g -1 ] )

w t %
AcNH2 x acnh2 25°C 40°C 60°C 75°C 85°C

1 0 .0 0 3 1 289 390 519 * 621 691
2 0 .0 0 6 2 293 391 522 622 694
5 0 .0 1 5 8 308 403 535 634 704
8 0 .0 2 5 8 328 421 547 645 711

10 0 .0 3 2 8 342 432 556 651 ' 715
15 0 .0 5 1 0 372 459 579 672 735
20 0 .0 7 0 8 412 493 602 687 744
25 0 .0 9 2 2 450 524 626 703 756
30 ’ 0 .1 1 5 5 491 555 646 714 76;
AO 0 .l6 d 8 554 $13 694 757 801
50 0 .2 3 3 6 635 680 740 788 821
60 0 .3 1 3 7 - 696 769 825 864
70 0 .4 1 5 5 - 700 783 850 895

D is c u s s io n

F ig .  1 i l l u s t r a t e s  th e  d ependence o f  d e n s i ty  o f  aqueous ac e ­
tam id e  s o l u t io n s  on c o n c e n t r a t io n  and te m p e ra tu re .  As i t  i s  
seen  on th e  p l o t  th e  d e n s i ty  o f  aqueous a c e tam id e  s o lu t io n s  i n ­
c r e a s e s  w ith  th e  g ro w th  o f  a c e ta m id e  (AcHHg) c o n c e n t r a t io n -  in  
th e  s o lu t io n  and  i t  d e c r e a s e s  w ith  th e  te m p e ra tu re  g ro w th . The 
ra n g e  o f  r e c t i l i n e a r  r e l a t i o n  d « f  (w t 5b) d e c r e a s e s  w ith  th e  
te m p e ra tu re  g ro w th . At th e  tem p. 85UC - h ig h e r  th a n  ace tam id e  
m e l t in g  te m p e ra tu re  (8 1 -8 2 °C ) th e  c u rv e  d -  f  (w t %) h a s  a 
maximum f o r  th e  s o l u t io n s  c o n ta in in g  85 w e ig h t % o f  AcNH2 i .  e .  
a b o u t 6 3 .3 3  mole % o f  AcNHg. Thus i t  may be presum ed t h a t  th e  
s o l u t io n  c o n ta in in g  two a c e ta m id e  m o le c u le s  - f a l l i n g  on- one w a te r  
m o lecu le  h a s  maximum p e c k in g  o f  m o le c u le s . _



F ig .  1 . The dependence o f  d e n s i ty  o f  aqueous a c 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

The X -ray  [2 3 -2 5 ]  and s p e c tr o s c o p ic  [2 6 -2 7 ]  i n v e s t i g a t i o n s  
showed t h a t  i n  s o l i d  s t a t e  a c e tam id e  th r e e -d im e n t io n a l  n e tw o rk  
o f  N H ...0  hyd rogen  bonds o c c u r s .  In  l i q u id  ac e tam id e  a  s t ro n g  
a s s o c ia t i o n  was o b se rv e d  [2 8 -3 0 ] ,  I t  i s  J u s t i f i a b l e ,  b ecau se  
each  a c e tam id e  m o lecu le  can  form  hydrogen  bond b o th  a s  d o n o r 
and  a c c e p to r  o f  p r o to n .  I t  fo l lo w s  from  th e  s p e c tr o s c o p ic  i n ­
v e s t i g a t i o n s  [2 6 -2 7 ]  t h a t  en e rg y  o f  hydrogen  bond ing  in  a c e t a ­
mide i s  c lo s e  to  th e  bond ing  en e rg y  i n  w a te r .  The le n g th  o f  
b o n d in g s  i s  a l s o  s i m i l a r :  2 .7 6  A i n  w a te r  and 2 .8 6  A in  a c e t ­
am id e . So i t  i s  p ro b a b le  t h a t  th e  bond betw een w a te r  and a c e t ­
am ide m o lecu le s  d i f f e r s  o n ly  a l i t t l e  from  th e  b o n d in g s in  
p u re  com ponen ts.

Assuming t h a t  a t  th e  tem p. 85°C , n e a r  th e  m e lt in g  p o in t  o f  
AcNH2 (8 1 -8 2 °C ) i t s  th r e e -d im e n t io n a l  s t r u c t u r e  w i l l  be_ o n ly  
s l i g h t l y  d i s tu r b e d  i t  may be presum ed t h a t  w a te r  m o le c u le s  can  
b u i l t  i n  ac e tam id e  s t r u c t u r e  i n t e r s t i t i a l s .

I f  a l l  th e  v acan cy  o f  a c e tam id e  s t r u c t u r e  w ere f i l l e d  w ith



w a te r  m o lecu le s  I t  fo l lo w s  from  th e  c r y s ta lo g r a p h ic  a n a ly s i s
[3 1 ]  t h a t  one w a te r  m o lecu le  sh o u ld  f a l l  on two ao e tam ld e  mole­
c u l e s .  I t  c o r re s p o n d s  w ith  th e  s o lu t io n  w ith  th e  co m p o s itio n  
6 6 .6  mole % o f  AcNHg, w hich i s  i n  ag reem en t w ith  th «  p lacem en t 
o f  maximum on th e  d -  f ( x )  c u rv e  o b ta in e d  in  t h i s  w ork . Ap­
p a r e n t  m o lal volum es o f  some n o n e le c t r o ly te s  i n  w a te r  have been 
c a l c u l a t e d ,  u s in g  th e  d a ta  on th e  d e n s i ty  o f  th e  exam ined s o -

F ig .  2 . The a p p a re n t  m o la r volum e o f  n o n e le c t r o ly te s  a s  a  f u n c - * 
t i o n  o f  th e  m ole f r a c t i o n  o f  n o n e l e c t r o ly te  i n  w a te r



l u t i o n s  o f  ao e ta m id e  In  w a te r  and  l i t e r a t u r e  d a ta  c o n c e rn in g  o th ­
e r  n o n e l e c t r o l y t e s .  The o b ta in e d  r e s u l t s  a r e  p re s e n te d  a s  th e  
f u n c t io n  -  f ( x )  on F ig .  2 .

As i t  i s  seen  from  T ab le  1 and from  F ig .  2c th e  c o u rs e  o f  
$ v, acNH c o n c e n t r a t io n  r e l a t i o n  ch an g es w ith  th e  grow th  o f

te m p e r a tu r e . A t th e  tem p . 25°C t h i s  r e l a t i o n  shows sm a ll minimum 
in  th e  s o lu t io n  w ith  c o n c e n t r a t io n  ~ 10 m ole % AcNH^. The mi­
nimum d e c re a s e s  w ith  th e  grow th  o f  te m p e ra tu re  and s t a r t i n g  
from  60°C i t  d o es  n o t  e x i s t  any m ore.

In  c a s e  o f  aq u eo u s s o lu t io n s  o f  u re a  (U ) [1 7 , 21 , 22, 3 2 -3 4 ] 
and  form am ide (F )  [1 7 , 1 8 ] ( F i g .  2 a , 2 b ) $  I n c r e a s e s  w ith

♦  V
t h e  g row th  o f  n o n e l e c t r o ly te  c o n c e n t r a t io n  minimum d o es  n o t  
o c c u r .  In  th e  re m a in in g  sy s tem s p re s e n te d  on F ig .  2 minimum ap ­
p e a r s  on c u rv e  $v -  f ( x ) .

A ccord ing  to  many a u th o r s  [1 1 , 3 5 -3 6 ]  minimum a p p e a r in g  on 
c u rv e  -  f ( x )  i s  c h a r a c t e r i s t i c  f o r  h y d ro p h o b ic  s u b s ta n c e s .
I t  seem s t h a t  th e  d e p th  o f  minimum may be  t r e a t e d  a s  a  m easure 
o f  h y d ro p h o b ic  c h a r a c te r  o f  n o n e l e c t r o l y t e .  I t  i s  se e n  from  F ig .
2 t h a t  m eth an o l (MeOH), d im e th y ls u lp h o x id e  (DMSO) and  d im e th y l-  
form tnaide (DMF) show a lm o s t an a lo g o u s  minima a t  a b o u t 15 mole % 
o f  n o n e le c t r o ly te  c o n te n t  i n  w a te r .  Thus i t  can  be presum ed t h a t  
th e s e  s u b s ta n c e s  d i s p la y  s i m i l a r  h y d ro p h o b ic  c h a r a c te r  and have 
s i m i l a r  I n f lu e n c e  on w a te r  s t r u c t u r e .

A ccord ing  to  A v e d lk ian , P e rro n  and D esnoyers [3 5 ]  th e s e  sub­
s ta n c e s  p ro b a b ly  o rd e r  w a te r  s t r u c t u r e  w ith in  th e  c o n c e n tr a t io n  
ra n g e  0 -1 5  mole % o f  n o n e le c t r o ly te  w h ile  i n  more c o n c e n tr a te d  
s o l u t io n s  th e y  d i s o r d e r  i t ,  b ec au se  o f  th e  fo rm a tio n  o f  m ixed 
h e t e r o - a s s o c i a t e s .  The g r e a t e s t  minimum can  b e  o b se rv ed  in  c a se  , 
o f  aqueous t-BuOH s o l u t i o n s .  S tro n g  h y d ro p h o b ic  i n t e r a c t i o n s  
b e tw een  t - b u t a n o l  and w a te r  i s  u n d o u b ted ly  c o n n e c te d  w ith  g r e a t ­
e r  num ber o f  m eth y l g ro u p s  i n  a  m o lecu le  o f  t h i s  a lc o h o l  in  
com parison  to  th e  above m en tioned  s u b s ta n c e s .

A pply ing  th e  above c r i t e r i o n  o f  h y d ro p h o b i l i ty  i t  can  be 
e a s i l y  o b se rv ed  t h a t  a c e to n e  (AcT) d i s p la y s  h y d ro p h o b ic  c h a ra c ­
t e r  in te r m e d ia te  betw een t-BuOH and DMSO, DMF and MeOH. S tro n ­
g e r  h y d ro p h o b ic  c h a r a c te r  o f  AcT in  com parison  to  MeOH i s  p ro ­
b a b ly  cau sed  by th e  p re s e n c e  o f  two m ethy l g ro u p s  i n  AcT. The 
w eaker h y d ro p h o b ic  c h a r a c te r  o f  DMSO and DMF i n  com parison  to



AcT i a  p ro b a b ly  ca u sed  by h ig h e r  d ip o le  moment o f  th e s e  sub­
s ta n c e »  (DMSO -  3 .9 6 ,  DMF -  3 .8 6 , AcT -  2 .7 6 )  [ 1 1 ] .

In  c a s e  o f  NMF-HgO system  (N M F-N -m ethylform am ide) [1 2 ]  and 
AcNH2-H20 (2 5 ° ,  40°C ) a  sm a ll minimum o c c u rs ,  w hich may be th e  
p ro o f  o f  a  v e ry  weak h y d ro p h o b ic  s u b s ta n c e s  o f  th e s e  com pounds. 
W ith th e  te m p e ra tu re  grow th  th e  h y d ro p h o b ic  c h a r a c t e r  o f  AcNH2 
and NMF d e c r e a s e s .  Above 60°C in  c a s e  o f  AcNH2 th e  h y d ro p h i l ic  
c h a r a c te r  b e g in s  to  d o m in a te , S im i la r ly ,  on th e  b a s i s  o f  c o u rs e  
o f  ■ f ( x )  c u rv e  o f  aqueous form am ide s o l u t io n s  i t  can  be 
o b se rv e d  t h a t  th e  h y d fro p h il l ic  c h a r a c te r  o f  t h i s  compounds p r e ­
v a i l s .  The re p la c e m e n t o f  hydrogen  in  am ine g roup  by m ethy l 
g ro u p  i n  am ine g roup  (F  i  NMF) in c r e a s e s ,  a s  i t  can  be presum ed 
th e  h y d ro p h o b ic  c h a r a c te r  o f  n o n e l e c t r o l y t e .  The p re s e n c e  o f  
m eth y l g roup  a t  c a rb o x y l c a rb o n e  (F  and AcNHg) h a s  a  s im i l a r  
e f f e c t  b u t i t  i s  s l i g h t l y  s m a l le r  ( NMp grow s more th e  s o lu ­
t i o n  c o n c e n t r a t io n  grow th  th a n  $ V|AcNh ) •  T*1« l a s t  o f  th e

d is c u s s e d  n o n e le c t r o ly te s  -  u rea(U )sh o w s a  s t ro n g  h y d r o p h i l l i c  
c h a r a c t e r .  U rea in tro d u c e d  to  w a te r  c a u s e s  w a te r  s t r u c t u r e  
d i s o r d e r in g  [ 3 7 ] .

B ecause o f  th e  h y d ro p h o b ic  c h a r a c te r  th e  d is c u s s e d  n o n e le c ­
t r o l y t e s  can  be a r ra n g e d  in  th e  fo l lo w in g  way:

U <  F <  AcNH2 <  NMF <  MeOH <  DMSO <  DMF <  AcT <  t-BuOH

The exam ined AcNH2 e x h i b i t s  v e ry  sm a ll h y d ro p h o b ic  and 
h y d r o p t i i l l i c  i n t e r a c t i o n s  w ith  w a te r .  Comparing th e  r e s u l t s  o f  
th e  a n a ly s i s  o f  and therm odynam ic v a lu e s  b o th  o f  b in a ry
m ix tu r e s  and e l e c t r o l y t e  s o lu t io n s  i n  th e s e  m ix tu re s  we can  
o b se rv e  some d i s c r e p a n c i e s .  As f o r  a s  DMF i s  c o n c e rn e d  i t  f o l ­
low s from  th e  therm odynam ic a n a ly s i s  [18] t h a t  t h i s  su b s ta n c e  
d i a t u r b e s  w a te r  s t r u c t u r e .  A s i m i l a r  o rd e r  o f  th e  h y d ro p h o b ic  
c h a r a c te r  may be o b se rv e d  when th e  v a lu e s  Ay g iv e n  i n  T ab le  2 
a r e  d i s c u s s e d .  The s m a l l e s t  a b s o lu te  v a lu e s  Ay w ere N o b ta in e d  
f o r  AcNH2 and F w hich a c c o rd in g  to  l i t e r a t u r e  [1 9 -2 2 ], p o in t s  
to  th e  g r e a t e r  c a p a b i l i t y  o f  hydrogen  bond fo rm a tio n  among AcNHg 
and F m o lecu le s  in  co m p ariso n  to  th e  re m a in in g  s u b s ta n c e s .  
C e r ta in  in fo rm a t io n  a b o u t th e  e f f e c t  o f  t h e 'd i s s o l v e d  • s u b s ta n c e  
on th e  s o lv e n t  s t r u c t u r e  c a n  be o b ta in e d  from  th e  a n a ly s i s  o f  
th e  dependence o f  volum e e x p a n s ib i l i t y  c o e f f i c i e n t  a  on th e



c o n c e n t r a t io n  o f  th e  s o lu t io n  and on th e  te m p e r a tu re .  I t  fo l lo w s  
from  w orks o f  K r u m g a l z  [3 8 , 39] and  B a r o n  [4 0 ]  
t h a t  th e  in c r e a s e  o f  te m p e ra tu re  o r  i n t r o d u c t io n  o f  some e l e c ­
t r o l y t e s  b re a k in g  th e  s o lv e n t  s t r u c t u r e  c a u se  th e  in c r e a s e  o f  
th e  v a lu e s  o f  th e  above m en tioned  c e o f f i c i e n t .  S o lv e n t  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 ,  on th e  o th e r  h an d , c a u se  th e  low e­
r in g  o f  th e  c o e f f i c i e n t  a  v a lu e .

In  o rd e r  t o  g e t  a d d i t i o n a l  in fo rm a t io n  a b o u t a c e tam id e  e f ­
f e c t  on w a te r  s t r u c t u r e  th e  v a lu e s  o f  aqueous a c e tam id e  s o lu t io n  
c o e f f i c i e n t  a  w ere c a lc u l a t e d  o v e r  th e  te m p e ra tu re  ra n g e  25- 
-85°C  (fo rm u la  5 ) .  As i t  i s  seen  from  F ig .  3 th e  valum e expan­
s i b i l i t y  c o e f f i c i e n t  a  o f  aqueous ac e tam id e  s o lu t io n s  grow s 
w ith  th e  in c r e a s e  o f  th e  c o n c e n t r a t io n  o f  th e  s o lu t io n  and  i t s  
t e m p e r a tu r e .

F ig .  3 . The volum e e x p a n s ib i l i t y  c o e f f i c i e n t  a s  fu n c t io n  o f  th e  
c o n c e n t r a t io n  and te m p e ra tu re

I t  fo l lo w s  t h a t  th e  more c o n c e n tr a te d  s o l u t io n s  expands more 
th a n  th e  d i l u t e d  o n e s , w hich may p o in t  to  th e  d i s o r d e r in g  e f ­
f e c t  o f  th e  in tro d u c e d  ac e tam id e  on w a te r  s t r u c t u r e .  A t a h ig h e r  
te m p e ra tu re  th e  v a lu e s  o f  th e  c o e f f i c i e n t  a  a r e  a l s o  g r e a t e r ,  
s in c e  th e  s o lu t io n  expands more e a s i l y  b ec au se  o f  more i n t e n -



s l v e  th e rm a l m o tio n s  o f  th e  m o le c u le s . At th e  same tim e  th e  e f ­
f e c t  o f  th e  d i s s o lv e d  s u b s ta n c e  on th e  v a lu e  o f  c o e f f i c i e n t  a  
d e c r e a s e s ,  a s  th e  a  ■ f ( x )  c u rv e  s lo p e  i n d i c a t e s .

Q u ite  o b v io u s ly  th e r e  e x i s t s  a  te m p e ra tu re  a t  w hich th e  
c o e f f i c i e n t  a  d o es  n o t  depend on th e  c o n c e n t r a t io n  o f  th e  
s o l u t io n ,  w h ereas  above t h i s  te m p e ra tu re  th e  c o e f f i c i e n t  a  
w i l l  d e c re a s e  w ith  th e  grow th  o f  c o n c e n t r a t io n  o f  th e  s o l u t i o n .  
T h is  te m p e ra tu re  may be c a l l e d  th e  in v e r s io n  te m p e r a tu r e .  A t t h i s  
te m p e ra tu re  th e  e f f e c t  o f  d i s o r d e r in g  th e  s o lv e n t  s t r u c t u r e  com­
p e n s a te  w ith  th e  e f f e c t s  o f  s o lv a t io n ,  a s s o c ia t i o n  e t c .  From th e  
c o u r s e  o f  th e  r e l a t i o n  a  » f ( T )  o f  aqueous a c e ta m id e  s o lu t io n s  
i t  fo l lo w s  t h a t  th e  i n v e r s io n  te m p e ra tu re  i s  i n  t h i s  c a s e  
123°C, so i t  i s  above w a te r  b o i l i n g  te m p e r a tu re .  I t  a l s o  f o l ­
low s t h a t  o v e r  th e  te m p e ra tu re  ran g e  0-100°C  ac e ta m id e  w eakly  
d i s o r d e r s  w a te r  s t r u c t u r e .

The above o p in io n  i s  in  ag reem en t w ith  th e  c o n c lu s io n s  a r i ­
s in g  from  th e  a n a ly s i s  o f  th e  c o u r s e  o f  r e l a t i o n  o f  th e  e x c e s s  
o f  th e  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  i n  aq u eo u s a c e t ­
am ide s o lu t io n s  on c o n c e n t r a t io n  and te m p e ra tu re  [4 1 ] and i s  
c o m p lia n t  w ith  th e  c o n c lu s io n  from  th e  d i e l e c t r i c  p e r m i t t i v i t y  
o f  AcNHg-HgO system  [4 2 -4 4 ] .  Gonczarow e t  a l .  [ 4 2 ,  4 3 ]  c la im  
t h a t  AcNHg m o lecu le  can  w ith o u t  g r e a t e r  d i f f i c u l t y  b u i l t  i n  
w a te r  s t r u c t u r e  i f  t h i s  m o lecu le  o c c u p ie s  one i n t e r s t i t i a l  h o le  
and  th r e e  l a t t i c e  n o d e s . The a c e ta m id e  m o lecu le  form s hy d ro g en  
b o nds w ith  w a te r  m o le c u le s  s l i g h t y  ch an g in g  th e  l e n g th  of hydro­
gen b o nds and th e  a n g le s  betw een  them . A cco rd in g  t o  th e  above 
m en tioned  a u th o r s  [4 2 ,  4 3 ]  th e s e  b o n d in g s  a r e  a  b i t  w eaker th a n  
th e  hydrogen  b o n d in g s  i n  p u re  w a te r .  U n lik e  w a te r  m o le c u le s , 
th e  p o l a r  g ro u p s  o f  AcNH2 m o le c u le s  c a n n o t form  f o u r  hydrogen  
b o n d s , so i n  th e  new s t r u c t u r e  o f  H20~AcNH2 sy stem  t h e r e  w i l l  
be much more b ro k en  h ydrogen  bo n d s th a n  i n  p u re  w a te r .

Then t e t r a h e d r i c  s t r u c t u r e  o c c u rs  c o n s t r u c te d  from  w a te r  and 
a c e ta m id e , w hich i s  g r a d u a l ly  d e s t r u c te d  a t  h ig h e r  AcNtij con­
t e n t  i n  th e  ^ s o lu t io n .  The o p in io n  a b o u t b re a k in g  w a te r  s t r u c t u r e  
by AcNHg m o le c u le s  i s  a l s o  e x p re s s e d  by C h r i s t o f f e r s  and Kege- 
l e s  who exam ined th e  d i f f u s s i o n  c o e f f i  ig n t  o f  a c e ta m id e  in  
w a te r  a t  th e  tem p. 25°C [ 4 5 ] ,
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DENSYMETRYCZNE BADANIA UKŁADU WODA-ACETAMID W ZAKRESIE 
TEMPERATURY 2 5-85‘°C

Zm ierzono g ę s to ś ć  wodnych roztw orów  ace tam id u  w z a k r e s ie  
tem p . 25-85  C . Na p o d s taw ie  o trzym anych  badanych g ę s to ś c i  o b l ic z o ­
no w a r to ś c i  p o z o rn e j molowej o b j ę to ś c i  a c e tam id u  w w odzie o ra z  
w sp ó łcz y n n ik  r o z s z e r z a ln o ś c i  o b ję to ś c io w e j  danych ro z tw o ró w . A- 
n a l i z a  zmian w ym ienionych w ie lk o ś c i  w z a le ż n o ś c i  od s t ę ż e n ia  a -  
ce ta m id u  i  te m p e ra tu ry  p o z w o li ła  wysnuć w niosek  o n iszczący m  
w pływ ie a c e tam id u  n a  s t r u k tu r ę  wody.

Map-HH BojiH^aH, 0?et$aHHH TaHeBOKa-OoaHbCKa

¿ E H C H T O M E T P O T E C K ilE  H C C JIE jJO B A H H H  C H C T EM U  B O J ^ A - A U E T A M i 
B  H H T E P B A J IE  T E M T IE P A T y P H  25-85  °0

O n p e ^ e J i e H a  a a o T H O o x b  chctbm u B o j x a - a i ; e T a M H f l  b  h h t e p B a j i e  re M n e -  
p a i y p u  25-85  C .  P a c c ^ K i a H O  K a ^ y m H i łc H  u H a p i łH a j tb H Ł i t t  w o j i a p n u f i  o f i i g M ,  
a  T a x x e  K o o ^ H U H e H T  t e p M i m e c K o r o  p a c m u p e H H H  a  .  A H au iH S  n o a y M e H H u x
AaUHbZX B 3aBHCKM0CTH OT K0HIJ8HT paiJHH H TeMUepaTyptl n03B0JIHJl CAe- 
jia.Tb BHBOĄ,  mto am er&ufiĄ  pa3pyinaeT CTpyjtrypy bo a «.


