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The e n th a lp ie s  o f s o lu t io n  o f  Nal in  w ater-acetam ide  
m ix tu res have been determ ined  c o lo r im e tr ic a l ly  over the  
tem p era tu re  range 25-85 C. The thermodynamic r e s u l t s  
o b ta in e d  a re  c o r r e la te d  w ith  r e s u l t s  from e a r l i e r  mea
surem ents on w ater-am ide m ix tu re s .

Amides a t t r a c t  c o n s id e ra b le  i n t e r e s t  in  view o f  t h e i r  a b i
l i t y  to  d is s o lv e  v a rio u s  su b s ta n c e s ; f o r  th i3  reaso n  th ey  a re  
employed in  a v a r i e ty  o f te c h n o lo g ic a l  p ro c e s s e s . Owing to  t h e i r  
h ig h  d i e l e c t r i c  c o n s ta n ts  th ey  a re  a ls o  good so lv e n ts  q f  e le c 
t r o l y t e s ,  th e  p resen ce  o f  H-bond3 in  u n s u b s ti tu te d  and monosub
s t i t u t e d  amides may su g g e s t a c e r t a in  s im i l a r i t y  to  w a te r . P ar
t i c u l a r l y  good e le c t r o ly te - s o lv in g  a b i l i t y  has been observed  in  
th e  case  o f  w a te r-ace tam id e  m ix tu re s  [1, 2 ] .

The r e s u l t s  o b ta in e d  in  [ 1 ]  and [ 2 ]  su g g e s t t h a t  th e  
therm odynanic s i m i l a r i t i e s  between w a te r and acetam ide s o lu 
t io n s  o f  e le c t r o ly te s  may be r e l a te d  to  th e  rem ain d ers, in  the  
l iq u id  s t a t e ,  o f  th e  th re e -d im e n s io n a l H-bond l a t t i c e  which i s  
p r e s e n t  bo th  in  s o l id  acetam ide [3 -5 ] and in  ic e  [ 5 ] .

In  view  o f t h i s  we found i t  i n te r e s t in g  to  measure the 
h e a t  o f  e le c t r o ly te  d is s o lu t io n  in  a mixed «solvent made up o f  
w a te r and acetam ide . The e le c t r o ly te  chosen was Nal which i s  
th e  most th o ro u g h ly  in v e s t ig a te d  s a l t  in  o rg an ic  and mixed s o l 
v e n ts .  The r e s u l t s  o b ta in e d  f o r  w ater^aeetam iiie  s o lu t io n s  can 
th u s  be compared w ith  th o se  f o r  o th e r  mixed s o lu t i o n s .

* P raca  z o s ta ła  n ad e sła n a  na I I I  p o lsk o - r a d z ie c k ie  sympo2jum 
"Termodynamika i  e lek tro ch em ia  roztworów e le k t r o l i t ó w " .



E xperim ental

The e n th a lp ie s  o f  s o lu t io n  o f  Mai were m easured c a lo r im e t-  
r i c a l l y  f o r  a s e r i e s  o f w ater-ace tam ide  m ix tures o f  d i f f e r e n t  
acetam 'ide c o n te n t in  the, tem p era tu re  range 25-85°3. The mea
surem ent a were conducted in  a non iso therm al n o n -a d ia b a tic  ca
lo r im e te r .  The c a lo r im e te r  p ro p er was a 220 cm  ̂ Dewar v e s s e l  
su p p lie d  w ith  a s tix v re r , c a l ib r a t io n  h e a te r  and th e rm is to r .  
Temperature changes du ring  th e  measurements were determ ined  by 
means o f  a 0-2 mV MKT re c o rd e r  (ODit). The c a lo r im e te r  wa3 sen 
s i t i v e  to  5 • 10” ^°C. The measurement e r r o r  was e s tim a te d  to  be 
about 1

The w a te r-ace tam ide  s o lv e n ts  employed in  th e  in v e s t ig a t io n  
were p rep a red  by w eight u sin g  t w i c e - d i s t i l l e d  w ater and d r ie d  
and p u r i f ie d  acetam ide p . a .  produced by Xenon-W di [ 7 1• Thef 
m eltin g  p o in t  o f  acetam ide was 81-82°C [ 8 ] , Nal was p u r i f ie d  
by a p rocedure  d e sc r ib e d  in  [ 9 ] .

R e su lts  and d isc u ss io n«r̂sni-.ng-ii'n ■ w ....

The o b ta in e d  h e a t o f  s o lu t io n  v a lu e s  Af^ f o r  Nal d is s o lv e d  
in  w a te r-ace tam id e  m ix tu res a t  25, 40 , 60, 75 and 85°C a re  p re 
se n te d  in  F ig s . 1-5 as fu n c tio n s  AH  ̂ ■ f(m ).

In  th e  case  o f  w ater and mixed s o lu t io n s  c o n ta in in g  le s s  
than  20 wt % o f  acetam ide (11 .5  mole %) th e  iso te rm s  AH » 
» f(ia) - co rrespond ing  to  a tem p era tu re  25 C ( f o r  w a te r a ls o  
40°C) may be c l a s s i f i e d  as type  I I  Iso te rras in  th e  M i  s h -  
c h e n k o and P r o n i n a '  s  c l a s s i f i c a t i o n  [1 0 ],

The o th e r  iso therm s a re  o f  ty p e  I ,  i .  e .  th e  exo thejrra ic ity  
o f  th e  h e a t  o f  s o lu t io n  d e c re a ses  as th e  e l e s t r o l y t e  concen
t r a t i o n  r i s e 3 .  As can be seen  in  F igs. 1 -5 , changes in  th e  shap
es o f  iso therm s AH  ̂ => f(m) f o r  th e  in v e s t ig a te d  system s depend 
on acetam ide  c o n c e n tra tio n  in  th e  mixed s o lv e n t and on th e  
tem p era tu re  o f th e  s o lu t io n .

In  th e  case  o f  w ater s o lu t io n s  o f  N al, th e  t r a n s i t i o n  from 
type I I  to  type  I  iso therm s ta k e s  p la c e  a t  abou t 45°C, This



F ig . 1 . Dependence o f th e  h e a t o f  s o lu t io n  <AHm) o f Nal on con
c e n tr a t io n  in  w a te r-ace tam ide  m ix tures a t  25°C. 1 -  w a te r; 2 - 5  wt 
% (1 ,5 8  mole %)  AcNHj; j  -  15 wt % (5 .1  mole %) AcNHa : 4 -  30 wt # 

(11 ,55  mole %) AcNilj; 5 -  50 wt Si (23 ,36  mole '/») AcNH2

F ig . 2 . Dependence o f  th e  h e a t o f s o lu t io n  (AHm ) o f . i cn ¡~ 
c e n tr a t io n  In w a te r-ace tam id e  m ix tu res a t  40 C. 1 -  w.r. *-r; -  v : 
Jfc (1 ,5 8  mole M) AC.VH2 * 3 -  15 wt % (5 ,1  mole D  Ac<»Hc ;

Si (11,55 mole %)  AcNH2 ; 5 -  50 wt »  (2 3 ,3 6  .-.a*«.-



r f in s lt io n  p o in t  low ers as th e  acetam ide c o n te n t in  th e  mixed
s o lv e n t in c re a s e s .

F ig . 3 . Dependence o f  th e  h e a t  o f  s o lu t io n  ( AHm) o f  Nal oncon- 
c e n tr a t io n  in  w ater-ace tam ide  m ix tu res  a t  60°C. 1 -  w a te r; 2 -
-  5 wt % (1 ,5 8  mole %) AcNH j 3 - 1 5 w t j 6 ( 5 . 1  mole Jt) AcNH»: 4 -
-  70 wt % (11 ,55  mole Si) AcNH,; 5 -  50 wt % (23 ,36  mole %) AcNH,;

6 -  70 wt % (4 1 ,5 5  mole Ji) AcNH2 e

When th e  mixed s o lv e n t c o n ta in e d  50 wt #  o f  ace tam id e , th e  
shape o f  th e  iso the rm s -  f(m ) changes a lre a d y  a t  abou t 25°C.
As i s  w e ll known, type I  iso therm s a re  c h a r a c te r i s t i c  o f  s t r o n 
g ly  s o lv a te d  e l e c t r o l y te s ,  f o r  which th e  e n e rg e tic  e f f e c t  r e 
l a t e d  to  ion  d e so lv a tio n  grows w ith  in c re a s in g  c o n c e n tra tio n  
and p redom inates over th e  exotherm ic p ro cess  o f  io n  approach
in g . On th e  o th e r  hand, in  type I I  iso the rm s AHffl •  f(m) de
c is iv e  r o le  i s  p layed  by p ro ce sse s  o f  ion  approach ing  and de
s t r u c t io n  o f  th e  s o lv e n t  s t r u c tu r e  by th o se  io n s  which lea d s  
to  in c re a s e d  e x o th e r iu ic ity  o f  th e  d is s o lu t io n  p ro ce ss  as  th e  
c o n c e n tra tio n  o f  th e  s o lu t io n  in c r e a s e s .  A d d itio n  o f acetam ide 
to  w ater evokes a s im ila r  e f f e c t  as  th e  growth o f  tem p e ra tu re . 
Thus, p o s s ib ly ,  acetam ide m olecules p a r t i a l y  d i s r u p t  th e  o r i -



g in a l  s t r u c tu r e  o f  w ater b u t ,  aa can be seen  in  F ig s . 1-5 th e
e f f e c t  i s  n o t v e ry  s ig n i f i c a n t .

i

F ig . 4 . Dependence o f  th e  h e a t  o f  s o lu t io n  (AHm) o f  Nal on con
c e n tr a t io n  in  v a te r-a c e ta m id e  m ix tu res a t  75°C . 1 -  w a te r;  2 -  
-  5 vrt % (1 ,58  mole %) AcNH*; 3 -  15 wt % (5 .1  mole %) AcNH2 ; 
4 -  30 wt % (11,55 mole %) AcNII2 : 5 -  50 wt (2 3 ,3 6  mole %) 

AcNH2; 6  -  70 wt 54 (4 1 ,5 5  mole %) AcNH*

Thermochemical in v e s t ig a t io n s  o f  Nal s o lu t io n s  in  mixed wa
t e r -  formamide s o lv e n ts  [ 11] have shown th a t  th e  iso therrtis AH  ̂ * 
» f(m ) have a  v e ry  sm all s lo p e  A(AHm)/Am which may be r e l a te d  
to  th e  h ig h  d i e l e c t r i c  c o n s ta n t .  In  th e  case  o f water-Nal-DMF 
system  [ 11] th e  shape o f th e  iso te rm  changes much f a s t e r ;  a l 
read y  in  th e  s o lu t io n s  c o n ta in in g  20 mole 56 o f  EE-'.F th e  e x o th e r-  
m ic ity  o f  th e  h e a t  o f  s o lu t io n  d e c re a ses  d i s t i n c t l y  depending 
on th e  c o n c e n tra tio n  ( ty p e  I  iso th e rm ). This may be r e l a t e d  to  
th e  p resen ce  o f  two m ethyl groups in  a  DMF m olecule (low er d j (>~ 
l e c t r i c  c o n s ta n t ,  la r g e r  m olecu le , absence o f  th re e -d im e n s io n a l 
H-bond l a t t i c e ) .



A com parison o f  the  therm ochem ical p ro p e r t ie s  o f  w a te r mix
tu re s  w ith  formamido, acetam lde and DMF shows th a t  th e  a c e ta -  
■nide in v e s t ig a te d  in  t h i s  s tu d y  has In te rm e d ia te  p r o p e r t ie s .

F ig . 5 . Dependence o f h e a t  o f s o lu t io n  (AH,»,) o f  Nal on con
c e n tr a t io n  in  w arer-ace tam ide  m ix tu res a t  .85° C.- 1 -  w a te r; 2 -  
-  5 wt % (1 ,5 8  mole A)  AcNHz ; 3 -  15 wt A (5 ,1  mole %) AcNH,; 
4 -  30 wt % (11 ,55  mole A)  AcNH,; 5 -  50 wt % (2 3 ,3 6  mole %) 
AcHH2 ; 6 -  70 wt A (41 ,55  mole %) AcHH2; 7 -  85 wt * (6 3 ,3  mo

le . A)  AcNH2; 8 -  95 wt A (85 ,3  mole A) AcNH2



F igure  6 shows th e  dependence AH^aI ** f (x )  f o r  w a te r-a c e -  
tam ide s o lu t io n s .  The .»eat o f  s o lu t io n  o f  Nal in  an i n f i n i t e l y  
d i lu t e  s o lu t io n  were o b ta in e d  by l in e a r  e x tr a p o la t io n  o f  th e  de
pendence AHjjj m tilftn) because we d id  n o t have th e  d a ta  n ecess
a ry  to  e x tra p o la te  th e  fu n c tio n  <>m -  f{m) by th e  method o f 
C r  i  s s and C o b b l e  [12 , 13 ],

As can be seen  in  F ig . 6 th e  dependence in  w a te r-
-ace ta ra id e  s o lu t io n s  on th e  mole f r a c t io n  o f  acetam ide i s  l in e a r  
su g g e stin g  th a t  in te r a c t io n s  between w a te r and acetam ide mole
c u le s  a re  v e ry  weak and th a t  th e  h e a t o f  s o lu t io n  o f  Nal in  an 
i n f i n i t e l y  d i lu t e  s o lu t io n  i s  a d d i t iv e .

F ig . 6 . S tan d ard  s o lu t io n  e n th a lp y  o f  Nal (AH0 ) in  w a te r -a c e ta -  
mide m ix tu res  as a  fu n c tio n  of s o lv e n t  com position

The dependence on th e  tem p era tu re  in  w a te r-ace tas : ide
m ix tu res i s  p re s e n te d  on F i g . , 7 . As we can see  from F I" , 7 
th e  cou rse  o f th e  fu n c tio n  A H ^j « i(T )  f o r  in v e n t ;"oi-



v e n ts  e lrao st does no t depend on th e  c o n te n ts  o f  acQtamide in  
th e  m ix;d s o lv e n t .

F ig . 7 . S tan d ard  s o lu t io n  e n th a lp y  o f  Nal (AH0) in  w a te r-a c e - ' 
taraide m ix tu res as  a fu n c tio n  o f tem p e ra tu re . 1 -  w a te r;  2 -  i> 
wt * AcNH2; 3 -  15 wt % AcNH,; 4 -  30 wt % AcNH2; 5 - 5 0  wt 54

AcNH2; 6 -  70 wt % AcNHj

In  o rd e r  to  compare w a te r-ace tam id e  m ix tu res  w ith  o th e r  mix-
0 1ed s o lv e n ts  th e  dependence o f fu n c tio n  AHm* -  f ( x )  o f  Nal in  

some mixed so lv e n ts  i s  p re s e n te d  on F ig . 8 (X -  th e  m olar f r a c 
t io n  o f  th e  o rg an ic  component in  th e  m ix tu re ) . I t  can be seen  
t h a t  th e  fu n c tio n  f o r  a lc o h o l-w a te r  m ix tu res  i s  d i s t i n c t l y  d i f f 
e re n t  from th o se  f o r  o th e r  m ix tu res  in  t h a t  th e re  ap p ears  a 
minimum o f  h e a t  o f  s o lu t io n  e x o th e rm ic i ty . a t  x  » 0 .2  f o r  me
th an o l and a t  x «* 0 .0 9  f o r  iso p ro p a n o l.

A ccording to  S a m o i l o v  [2 1 , 22] th e  appearance o f 
a o in icuai i s  connected  w ith  f i l l i n g  th e  gaps in  w a te r s t r u c tu r e  
by a lc o h o l m o lecu les . This i n t e r p r e ta t io n ,  p ro b ab le  as i t  i s ,  i s  
n o t  nrsAversal and canno t be a p p lie d  to  o th e r  n o n -e le c t r o ly te s  
even though th e  s iz e  o f  t n e i r  m olecu les i s  such t h a t  th e y  could



F ig . 8 . Dependence AHft1 o f Nal in  some mixed s o lv e n ts  as a 
fu n c t io n  o f  m ix tu res com position  [mNoi « 0,1 mole/k g J a t  25 0 .
1 -  water-EMF [14]; 1 -  w a te r-a ce to n e  [15]5 3 -  w a te r-  a c e to n i t -  
r i l e  [16] ; 4 -  w ater-form am ide [14] ; 5 -  w a te r-ace ta in id e  [8;rC j ;
6 -  w a te r-u re a  [17] ; 7 -  w a te r-a ce tam id e ; 8 -  w ater-p rop iona-v i
de [1 8 ]; 9 -  w ater-m ethano l [1 9 ]j 10 -  w a te r- iso p ro p a n o l [20 ]



f i l l  the gaps in  w ater s t r u c tu r e .  In  th e  case  o f w a te r-ace to n e
0 1and w a te r - a c e to n i t r i le  system s th e  fu n c tio n s  AIIm* •  F(x) ex

h i b i t  a d i s t i n c t  maximum in  th e  range o f  h igh c o n c e n tra tio n  o f 
the  o rg an ic  component which e x p la in s  th e  fo rm ation  o f  complexes
[2 3 ]. Such a maximum does n o t appear in  w ater-form am ide, w ater- 
-acetami.de (Q5°C) and water-DMF system s. In  th e se  system s the 
e x o th e rm ic ity  o f th e  h e a t o f s o lu t io n  o f Nal c o n s ta n t ly  r i s e s  
w ith  in c re a s in g  n o n -e le c tro ly te  c o n te n t in  th e  mixed s o lv e n t .

This may be due to d e c re a s in g  endotherm ic component o f  the 
h e a t o f s o lu t io n  which i s  connected  w ith  th e  d i s t r u c t io n  o f  wa
t e r  s t r u c tu r e .  Q uite  l ik e ly  th e  n o n -e le c tro ly te  m olecules in 
troduced  to  w ater g ra d u a lly  d e s tro y  th e  th re e -d im e n s io n a l H-bond 
l a t t i c e  in  w ater form ing mixed a s s o c ia te s .

In  the  w ater-form am ide system  th e  s t r u c tu r e  o f  th e  mixed 
so lv e n t changes g ra d u a lly  and i s  l a b i l e  [2 3 -2 5 ] , w h ile  in  case  
o f  water-DMF m ix tu res a s s o c ia te s  o f d e f in i te  com position  can be ' 
d isc e rn e d  [2 6 -2 3 ]. P o ss ib ly  in  th e  w ater-ace tam ide  system  mi
xed a s s o c ia te s  w ith  H-bonds a re  form ed. S im ila r  phenomena may 
take p lace  in  w ater-p rop ionam ide and W ater-u rea  sy stem s.

Some in fo rm a tio n  concern ing  th e  in te r a c t io n  between w ater 
and n o n - e le c tro ly te  can a lso  be d e riv e d  from an a n a ly s is  o f  th e  
tem p era tu re  c o e f f ic i e n t  A(AH°)/AT. As  can be seen  in  F ig . 9 
t h i s  c o e f f ic i e n t  r i s e s  most q u ic k ly  in  th e  case  o f  w a to r- fo r -  
raamide m ixture ' a t t a in in g  th e  zero  le v e l  a t  14 mole % o f  f o r -  
raamide and changes i t s  s ig n  to  p o s i t iv e .  In  water-DMF m ix tu re s , 
i t  a t t a in s  th e  zero  le v e l  and changes i t s  s ig n  to  p o s i t iv e  a t  
30 mole ¥> o f  DMF, w hile  in  th e  case  o f w a te r-ace tam ide  m ix tures 
i t  has n e g a tiv e  v a lu e s  over the e n t i r e  range o f  com positions 
in v e s t ig a te d  and changes on ly  l i t t l e .

As i s  w ell known, th e  tem p era tu re  c o e f f ic i e n t  has n e g a tiv e  
v a lu es  in  the  cape o f  w ater s o lu t io n  and p o s i t iv e  v a lu e s  . f o r  
most o rg an ic  s o lu t io n s  [1 0 ].

Assuming t h a t  n e g a tiv e  v a lu e s  o f th e  c o e f f ic i e n t  a re  cha
r a c t e r i s t i c  of w a te r - l ik e  s o lu t io n s ,  th en  th e  zero  v a lu e  would 
correspond  to  s o lu t io n s  in  which th e  o r ig in a l  s t r u c tu r e  o f  wa
t e r  was d e s tro y e d .

v  *

9 snows th a t  formamide has a s tro n g e r  d e s t r u c t iv e  e f f -
, on tv:- o r ig i n a l  s t r u c tu r e  o f  w a te r than DMF, w h ile  in  th e



case  o f  ocetam ide t h i s  e f f e c t  i s  very  sm a ll. This may be r e l a t 
ed to  th e  p o s s i b i l i t y  o f  fo rm ation  o f  a mixed th ree -d im e n s io n a l 
l a t t i c e  o f  H-bonda w ith  bo th  w ater and acetam ide m olecules p a r
t i c i p a t i n g .
r

F ig . 9 . The tem p era tu re  c o e f f ic i e n t  o f th e  Nal d is s o lu t io n  h e a t 
in  w ater-am ide m ix tu res a t  2‘5°C

The above c o n c lu s io n  i s  in  agreem ent w ith  op in io n  a r i s in g  
from d e n s im e tr ic  [2 9 ] , v is c o s im e tr ic  [30] and d i e l e c t r i c  [23] 
s tu d ie s  o f  w a te r-ace tam ide  m ix tu re s .
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S te fa n ia  T aniew 3ka-0sińska, M arian Woldan

TEHMOCHEMICZNE BADANIA ROZTWORÓW Nal 
W MIESZANINIE ACETAMIDU Z WODą

Przeprowadzono pom iary c ie p ła  ro zp u szczan ia  Nal w m ieszan i
nach w oda-acetam id w z a k re s ie  tem p era tu r 25-85°C. P rzedysku to
wano za leżność  od sk ład u  m ieszan iny  i  j e j  tem pera tu ry  0-  
ra z  porównano z innytni rozpuszczaln ikam i wodno-organicznym i.
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OTe^atma TałieBCKa-OoiiHbCKa, Map«« BojtbjiaH

TEPMO tUHAMJWECKHE MOCJI EąOBAHHH PACTBOPOB Nal
b omech b o h - auetamhh;

ripoBeneHO H3MepeHMH TeiDiOTU pacTBopeiiHH AHm Nal 
ąa-aneTaMaą b HHTepBane TerniepaTypu 25-85°C. flpoBefleH
BHCHMOCtfH OT COCTaBa 0M6CH U TeMIiepaTypu. np0B646H0 
cm sch Bona-aueiaMHfl K3 upyrxun BonKo-opraHtmeoKHMH
TeJIHMM.

I C M 6 CH  8 0 -
aHajiH3 sa- 
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