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THERMOCHEMICAL INVESTIGATIONS 
OF Nal-WATER-ISOPROPANOL SYSTEM WITH ADDITION OF FORMAMIDE 

AND OF N, N-DIMETHYLFORMAMIDE 
AT TEMPERATURE 298 .1 6  K

E n th a lp y  o f  s o lu t io n  o f  Nal in  w a te r  -  i s o p ro p a n o l mix-» 
t u r e s  w ith  th e  a d d i t io n  o f  form am ide and o f  N ,N -d im e th y l- 
form am ide was m easu red . The c o u rse  o f  r e l a t i o n  o f  s t a n 
d a rd  e n th a lp y  o f  Nal s o lu t io n  in  th e  i n v e s t i g a t e d  m ixed 
s o lv e n ts  v s .  a lc o h o l  and am ide c o n te n ts  was d i s c u s s e d .

The m ix tu re s  o f  DMF w ith  w a te r  have a l r e a d y  been i n v e s t i 
g a te d  s e v e r a l  t im e s  by d i f f e r e n t  e x p e r im e n ta l  m eth o d s. Y e t, 
th e r e  i s  no u n a n im ity  in  th e  o p in io n s  a b o u t th e  in f lu e n c e  o f  
DMF on w a te r  s t r u c t u r e .  Some a u th o r s  e . g .  K e s s l e r f l ,  2 ]  
S z a p c h a r o n o w  [ 3 ]  c la im  t h a t  DMF e x e r t s  o rd e r in g  
in f lu e n c e  on w a te r  s t r u c t u r e  w h ile  o th e r s  [A , 5 ]  on th e  c o n tr a ry  
a r e  o f  th e  o p in io n  t h a t  IMF b re a k s  w a te r  s t r u c t u r e .

R e c e n tly  we hav e  c a r r i e d  o u t  therm o ch em ical [ 6 ]  d e n s im e tr ic  
and  v i s c o s im e t r i c  [ 7 ] i n v e s t i g a t i o n s  o f  Nal s o l u t io n s  i n  th e  
m ix tu re s  o f  form am ide and o f  N ,N -d im ethy lfo rm am ide w ith  w a te r .  
The r e s u l t s  o b ta in e d  by u s  p o in t  to  c e r t a i n  d i f f e r e n c e s  betw een 
form am ide -  w a te r  and DMF -  w a te r  I n t e r a c t i o n s  b u t  in  o u r 
o p in io n  N ,N -d im ethy lfo rm am ide , a l i k e  form am ide d e s t r o y s  th e  
th re e d im e n s io n a l  w a te r  s t r u c t u r e .  As th e  r e s u l t ,  s t ro n g  m ixed 
a s s o c i a t e s  a r e  form ed w hich a c c o rd in g  to  some a u th o r s  [ 1 ,  2 ]  i s  
th e  m a n if e s ta t io n  o f  s t r u c t u r e  o r d e r in g .

In  o rd e r  to  f in d  one more argum en t c o n c e rn in g  th e  in f lu e n c e



o f  DMF on w a te r  s t r u c t u r e  we hav e  c a r r i e d  o u t a d d i t i o n a l  i n -  
v e s t i g a t i o n s .

E x p e rim e n ta lparj.'.-.c.Ttrinina ;r-.-rriraeM

Sodium io d id e  p .  a .  (^Merck, Germany) was c r y s t a l l i z e d  from  
th e  m ix tu re  o f  a c e to n e  and w a te r  in  a 1:1  r a t i o  (b y  volum e) and 
d r i e d  i n  a vacuum d r y e r  a t  ca  343 K.

F o rm am id e -p u riss  (M erck , Germany) was d r i e d  u s in g  CaO and 
th en  d i s t i l l e d  tw ic e  u n d er a p r e s s u r e  o f  1 mm Hg.

N ,N -d im ethy lfo rm am lde f o r  s p e c tro s c o p y  (F lu k  A. G .) was d r ie d  
o v e r  m o le c u la r  s i e v e s  ty p e  4A and tw ice  d i s t i l l e d  u n d e r a p r e s 
s u re  o f  3 .7  mm Hg. I s o p ro p a n o l p .  a .  (P .  0 .  C h ., G liw ic e , Po
l a n d )  was d r i e d  by th e  Lund-B Jerrum  method [ 8 ] ,  C o n ta m in a tio n s  
d e te rm in e d  by g a s  ch rom atography  ( P e rk in -E lm e r F -1 1 ) d id  n o t  
ex ceed  a t o t a l  o f  0 .0 5 f t .  W ater was d e m in e ra l iz e d  u s in g  io n  ex
c h a n g e rs  and th e n  tw ic e  d i s t i l l e d .  The s o lu t io n s  were p re p a re d  
by w e ig h t .  The m easurem ents w ere made in  a c a lo r im e te r  d e s c r ib e d  
p r e v io u s ly  [ 9 ]•

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

We h av e  m easured  Nal s o lu t io n  e n th a lp y  in  w a te r  -  I s o p ro p a 
n o l  N ,N -dl m ethy l fo r  mamide and w a te r  -  I s o p ro p a n o l -  form araide 
m ix tu r e s  w ith  d i f f e r e n t  co m p o s itio n  a t  tem p. 2 9 3 .1 6  K. The ran g 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 s  was iron. 0 .0 0 3  to  0 .0 5  mol N a l/k g  
o f  th e  m ixed s o l v e n t .  B asing  on th e  o b ta in e d  d a ta  we have d e te r 
m ined th e  v a lu e s  o f  Nal s ta n d a rd  s o lu t io n  e n th a lp y  ' (A H °) in  
a l l  i n v e s t i g a t e d  m ix tu re s  u s in g  t h e  method o f  g r a p h ic a l  e x t r a 
p o l a t i o n  o f  t h e  f u n c t io n  AHm -  f ( - / m ) .  'T h e  o b ta in e d  r e s u l t s  
a r e  p r e s e n t e d  i n  F ig .  1 and 2 .

I t  f o l l o w s  from  th e  p r e s e n te d  r e s u l t s  t h a t  th e  e f f e c t  o f  
the added a lcoho l o n  t h e  s t r u c t u r e  o f  N a l  s o lu t io n s  in  w a te r  -  

methyl fo r  »ansi de m ix tu re  i s  d i f f e r e n t  'th a rt th e  e f f e c t  o f  
•f on the s tru c tu re  o f  N a l  s o l u t i o n s  in  w a te r - a lc o h o l  m ix tu re s .



I n  th e  f i r s t  c a s e  ( F ig .  1 a) th e  in c r e a s e  o f  a lc o h o l  c o n te n t  in  
a l l  i n v e s t i g a t e d  DMF w ith  w a te r  mixed s o lv e n t  c a u s e s  a t  f i r s t  
th e  In c r e a s e  o f  s o lu t io n  e n th a lp y  ( lo w e r in g  o f  s o lu t io n  h e a t  
• x o te r m ic i ty  ) and th en  i t s  d e c re a s e .  On th e  c u rv e s  o f  th e  r e l a 
t i o n  AH° -  f ( x a ^c ) maximum can  be o b se rv ed  w hich d e c re a s e s  
w ith  th e  g row th  o f  N ,N -dim ethylform am ide c o n te n t  and s h i f t s  t o 
w ards lo w er ls o p ro p y l  a lc o h o l  c o n te n ts  in  th e  m ix tu r e .

a) b>
A H*{kcal*m ole'1l AH°[kcal-m ole*1]

F ig .  1 . The s ta n d a r d  d i s s o lu t i o n  e n th a lp y  o f  N al in  w a te r - i s o p r o -  
p an o l-N ,N -d lm eth y lfo rm am id e  system  a s  a  fu n c tio n  o f  is o p ro p a n o l

( a )  and N ,N -d im ethy lfo rm am ide (b )  c o n te n t

I n  th e  second  c a s e  ( F i g .  1b) th e  grow th o f  DMF c o n te n t  i n  a l l  
i n v e s t i g a t e d  m ix tu re s  o f  ls o p ro p y l  a lc o h o l  w ith  w a te r  c a u se s  
d e c re a s e  o f  Nal d i s s o lu t i o n  e n th a lp y  (on th e  c u rv e s  o f  AH » 
"  * ( xDm f  ̂ r e l a t i o n  no maximum i s  o b s e rv e d ) .

The f i r s t  p o r t io n s  o f  DMF cause , more d i s t i n c t  ch an g es o f  th e  
c o u r s e  o f  th e  fu n c t io n  AH° -  f i x j ^ )  th a n  th e  n e x t  o n e s .  I t  
can  be a l s o  o b se rv ed  t h a t  th e  h ig h e r  is o p ro p a n o l  c o n te n t  in  th e  
m ix tu re  w ith  w a te r  th e  more r a p id  in c r e a s e  o f  e x o th e rm ic ity  o f  
Nal h e a t  e f f e c t  c a u sed  by th e  a d d i t io n  o f  d im ethy lfO rm am ide. In  
such  a c a s e  th e  c h a r a c te r  o f  th e  c u rv e s  AH «■ anc* AH ■*
•  d i f f e r s ,  which i s  .p ro b ab ly  c o n n e c te d  w ith  d i f f e r e n t
e f f e c t  o f  m onohydric a lc o h o ls  and DMF on w a te r  s t r u c t u r e .  Sm all 
ammounts o f  is o p ro p y l  a lc o h o l  s t a b i l i z e  w a te r  s t r u c t u r e  d e s t i 'o -



y ed  by d iro e th y lfo rm am id e . N ext p o r t io n »  o f  a lc o h o l  cau se  th e  de
s t r u c t i o n  o f  w a te r  s t r u c t u r e .  W ith th e  In c r e a s e  o f  DMF c o n te n ta  
t h i s  e f f e c t  d e c r e a s e s  w hich I s  p o in te d  o u t  by th e  lo w e r in g  o f  
maximum on th e  c u rv e s  o f  AH° » r e l a t i o n .

On th e  o th e r  hand th e  a d d i t io n  o f  DMF to  ls o p ro p y l  a l c o h o l -  
-w a te r  m ix tu re  c a u s e s  th e  b re a k in g  o f  w a te r  s t r u c t u r e  p re v io u s ly  
s t r e n g th e n e d  by a l c o h o l .  A nalogous c o n c lu s io n s  can be  drawn from  
th e  r e s u l t s  o f  th e  I n v e s t i g a t i o n s  o f  w a te r  -  form am ide -  i s o p r o 
p y l  a lc o h o l  -  Nal system  c a r r i e d  o u t  by u 3 ( F ig .  2 ) .

a )  b)

AH°{kcci - mole'1] AH«[kcol • mole-11

F ig .  2 .  The s ta n d a r d  d i s s o lu t i o n  e n th a lp y  o f  Nal i n  w a te r - l s o p r o -  
p an o l-fo rm am id e  system  a s  a f u n c t io n  o f  is o p ro p a n o l  ( a )  and f o r 

mamide ( b )  c o n te n t

I t  I s  ¡mown t h a t  form am ide i s  one o f  w a te r  s t r u c t u r e  b re a k 
in g  s u b s ta n c e s  [1 0 -1 3 1 . The c o u r s e  o f  c u rv e s  o f  N al e n th a lp i e s  
a s  a f u n c t io n  o f  a lc o h o l  and form am ide c o n te n t  In  t h i s  sy stem  
i s  a n a lo g o u s  to  th e  c o u r s e  o f  ¿H ° c u rv e s  i n  th e  p r e v io u s ly  
d i s c u s s e d  w a te r  -  DMF -  is o p ro p y l  a lc o h o l  -  Nal s y s te m . T h is  i n 
d i c a t e s  t h a t  th e  b e h a v io u r  o f  DMF i s  s i m i l a r  to  t h a t  o f  f o r -
mamide
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S te f a n ia  T an iew sk a-O siń ak a , A lin a  P ie k a r s k a

TERMOCHEMICZNE BADANIA UKŁADU Nal-WODA-IZOPROPANOL 
Z DODATKIEM FORMAMIDU I  N, N - DWUMETYLOFORMAMIDU 

W TEMPERATURZE 298 ,16  K

Z m ierzono e n t a lp i ę  ro z p u s z c z a n ia  Nal w m ie sza n in a ch  wody z 
izo p ro p a n o lem  z dodatkam i form am idu i  N ,N-dwum etyloform am idu w 
tem p. 298,1 6  K. S tę ż e n ie  e l e k t r o l i t u  w y n o siło  od 0 .0 0 3  do 0 .0 5  
mola N a l/k g  ro z p u s z c z a ln ik a  m ieszan eg o .

Na p o d staw ie  uzyskanych  danych wyznaczono w a r to ś c i  s ta n d a rd o 
w ej e n t a l p i i  ro z p u s z c z a n ia  (A H °) . Nal we w s z y s tk ic h  badanych  
m ie s z a n in a c h . A n a liz a  uzyskanych  wyników w y k aza ła , ż*  wpływ do
dan eg o  a lk o h o lu  na  s t r u k tu r ę  m ie sza n in y  woda-DMF J e s t  odm ienny 
n i ż  wpływ DMF n a  s t r u k tu r ę  m ie sza n in  woda -  a lk o h o l .  N iew ltlk i®  
i l o ś c i  a lk o h o lu  izop ro p y lo w eg o  s t a b i l i z u j ą  z n is z c z o n ą  p ra * *  DMF 
s t r u k t u r ę  wody. D a lsze  p o rc je  a lk o h o lu  powodują n i s z c u n i e  s t r u 
k tu ry  wody. Ze w zrostem  z a w a rto śc i  DMF e f e k t  s t a j «  t l ę  m n ie js z y ,
o czym św iadczy  o b n iż e n ie  w ysokości maksimum n a  krzywych z a le ż 
n o ś c i  AH° » f ( x  a l c o h o l ) .  Z d r u g ie j  s t r o n y  d o d a te k  DMF do m ie
s z a n in y  izo p ro p a n o l-w o d a  pow oduje n i s z c z e n ie  w zm ocnionej u p rz ed 
n io  a lkoho lem  s t r u k tu r y  wody.

A n a lo g iczn e  w n io sk i można wysnuć n a  p o d s taw ie  wyników p rz e 
prow adzonych p rz e z  n a s  badań u k ła d u :  woda -  form am id -  a lk o h o l 
izo p ro p y lo w y  -  N a l.

I

C te'taHHH TaHeBCKa-OcHHbcica, AjiahSl rieKapcKa

TEP5Í0JHJBH CHCTEa Nal BOJU-H3OHP0IUHCUI 
C JOEABKAJM S-OPIŁUMJIA H 1¡K> ITPtf 398,16 K

H3MepeHa aHiajihn-ta pactBOpenaa Nal b cMeonx Bona-aaonpotiaHOJi 
c ijoiSaBKaJiH iopMaiAa^a u Ę12 npa reMnepaxype 298 ,16  K. KoHueHTpa- 
UUOHKuft anTepeaji no sJieKTpojiHTy cocTaBaa 0 ,0 0 3 -0 ,0 5  mojib N a l /K r  
pacTBopnrejia". il3uepeHHue 3HaueHHH aHTajibnaa pactBopeHHH K ai bo 
Bcex H3yMeHHax CMecxx 3KCTpano;¡ «posan ocb CecxoHeuHO dojissioro 
p a 3Bc^eRHH ( A H 0 ). AHajiaa ¡iojiyHeHHMx pesyafraTOB cKa3hiBaeT, <i?o 
ne.łcTBHe jofiaBOK cnapTa Ha c?pyicTypy cMeceii Bofla-4HMe?a.ii>opMaMaii k 
SOfiaBOK 3,'M> Ha CTpyKTypy cMeceá B04a-H3oupona.íob:íÜ enupT Heo^HHa- 
KOBO. H e S o - i t i i i e  ąoó&bka  H3onponHJioBoro cnapTa o i a 6HJtH3Hpy»T p aa -  
pymeHHya H, H-^HMeTajioi/opMaMasow CTpyKTypy boau . a  a a t e w  e e  p a3-  
p yaa»? .  0 noBuoieHHe« KOH^eHipanaa JIMP d t q t  s a p e a r  e^pa^en b uenb~  
me-i o t en e n a ,  o ueM CBa^eieJibcTByeT CH^ne.Hae bmootm MaxcaMyMa Ha 
xpaBhtx aaBHcawocTH Ah° í f ( x  c n . ) .  AofiaBKa IMS k  c u c te u e  H3 onpo- 
a iu io bu2 c:japr-Bo.$a BU3UBaioT pa3pymeHne ynpoHH.yHHOJł cnapiOM cTpyx- 
t y p u  B04Ł1. AHa.iorHMKie pe3y:ibTaTu a o x y v e m i ąjih OHcreuu  Boua-iiopMa- 
uhą — a3onponajioB=iił ctiapr -  l i a l .


