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SUMMARY 

From light scattering measurements in the system polystyrene-cyclohexane-acetone 

within the temperature range from 288 to 323 K it is concluded that the surface 

of the reduced chemical potential of the solvent as function of solvent composition 

and temperature exhibits the characteristics of true cosolvency. The influence 

of cyclohexane-acetone ratio on the temperature dependence of the correspond- 

ing enthalpy and entropy parameters is discussed. The cosolvency effects are 

evidenced also by studies of the STAUDINGER index at 34.5 ~ C over the whole 

range of the ternary system. 

properties of the binary solvent mixture cyclohexane-acetone, i. e. excess volume 

and viscosity, indicate that acetone clustering breaks down by dilution with cyc]o- 

hexane. Consequently, the observed true cosolvency may be interpreted as caused 

by the combined action of cyclohexane and non-associated acetone. 

INTRODU CTION 

[n the course of the aim to interprete effects of polymer miscibi l i ty i t  has been 

proposed in the foregoing paper (CANTOW, H.-3. and SCHUSTER, R. H., ]982) 

to substitute macromolecules by low molecular weight representative models 

(LMWM) as far as possible" Concerning the energetic part of miscibil i ty the situation 

is analogeous for the macromolecular chains and its LMWM's. Dispersive and spec- 

i f ical ly interact ing subunits yield competing contributions. Such a LMWM may 

be identical with repeating units of the polymer. Al ternate ly  a mixture of two 

low molecular weight compounds, one of them of the dispersive, the other of 

the specifically interact ing type, may simulate the situation within the macromol-  

ecular chain. From the surface of the reduced thermodynamic parameters  of 

the solvent as function of solvent composition and tempera ture ,  as derived from 

solution or from swelling data, mixed systems with optimal solution propert ies 

may be derived. This knowledge may be transduced to the macromolecular  scale. 

0170-0839/82/0008/0351/$ 01.60 



352 

Thus copolymers may be designed, which are optimal partners for another polymer 

with respect to miscibility. In the present paper a first step into this direction 

is presented by reporting light scattering measurements in the ternary system 

polys tyrene-cyclohexane-ace tone ,  both the lat ter  components simulating a copoly- 

mer built up by dispersive and by specifically interact ing subunits. 

Some pioneering work on solution thermodynamics in ternary sytems, with special 

reference to systems containing acetone, may be reported first. PALIT, COLOMBO 

and H. MARK (1931) have noticed cosolvency of polystyrene in ace tone-methylcyc-  

lohexane mixtures. Both partners are non-solvents for polystyrene at room temperat -  

ure. LANGE (1965) has studied preferential  solvatation of macromolecules by 

combining light scat ter ing and refractive index increment  experiments. The type 

of solvatation around the chain backbone had been evaluated applying the theoret-  

ical approach of STRAZIELLE and BENOIT (1961). WOLF et al. (1973 , 1978) 

have investigated polystyrene in acetone-die thyle ther  solutions. The mixture of 

a non-solvent and of a partly solving component turned out to be a thermodynam- 

ically good solvent. They indicate such effects as "true cosolvency". According 

to WOLF it is not necessary that preferential  solvatation occurs at different 

sites in the macromolecule by action of both the components. He claims that 

a certain "incompatibility" of the solvent components suffice to explain true cosolv- 

ency. He recommends to apply mixed solvents in order to tailor certain thermodyn- 

amic conditions. Three types of mixed solvents are distiguished according to WOLF, 

with the characterist ics:  1. Monotonous change of the solvent quality, 2. positive 

deviation - t rue cosolvency- and 3. negative deviation -co-non-solvency- .  Polystyr- 

ene-cyc lohexane-d imethyl formamide  is quoted as an example for the lat ter  case. 

Furthermore,  WOLF and BLAU have communicated some studies concerning the 

influence of pressure on true cosolvency (1976). 

RESULTS AND DISCUSSION 

19#9 SCOTT has suggested to reduce three-component solution systems to binary 

ones: Polymer plus a hypothetical single liquid of average properties. This single 

liquid approximation may be helpful in the study of the global solvent effect  

caused by the binary solvent mixture. The results may be compared easily without 

complicating the explicit expressions for the second virial coefficients.  

The relation derived by YAMAKAWA (1967) between apparent molecular weight, 

Mwa_pp' apparent second virial coefficient,  A2app and the true quantities,  A 2 

and M 
w A 2 = A2app �9 M%app / M% ( l ) 

was tested with good results in mixed solvents, where strong selective adsorption 
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occurs  (COWIE, 3. M. G., 1968 and OKITA, K. e t  al . ,  1968). 

Thus, wi th  known Mw' A2 can be calc~dlated f rom the  slope of equa t ion  

c 2 / R 9 0  = (c2 / R90) c--*o + 2 (c  2 / R g 0 )  c--*o " Mw " A 2 " c 2  

( 2 )  

The reduced  t h e r m o d y n a m i c  solut ion p a r a m e t e r s  of the so lvent  have  been  ca l cu l -  

a t ed  accord ing  to REIK and GEBERT (1934) and CANTOW (1956) 

e OB e ~ h  1 0B ~ s  1 AM l 
- B - T - -  - B - 

c 2 2 ~ 1  c22--Vl OT c22--v I 0T 

(3) 

The l ight  s c a t t e r i n g  m e a s u r e m e n t s  were  ca r r i ed  out  at  r ight  angle ,  using a pho tom-  

e t e r  espec ia l ly  des igned by KOWALSKI and CANTOW for use ove r  a broad range 

of t e m p e r a t u r e s ,  down to - 50 ~ C, wi th  a l inear  po lys tyrene ,  M w = 5 .1xl04  and 

Mw/M n = 1.02 (WATERS). Sealed  c u v e t t e s  were  used for the  solut ions.  

The values  of the  reduced  c h e m i c a l  po ten t i a l  of the  so lvent  de r ived  f rom l ight  

s c a t t e r i n g  a re  p re sen ted  in F igure  1, as a func t ion  of the  a c e t o n e  mole  f r ac t i on ,  

x 2, and the  t e m p e r a t u r e .  It is ev iden t  tha t  the  in f luence  of the  so lvent  mix tu re  

domina t e s  t ha t  of the  t e m p e r a t u r e  wi th  r e spec t  to the  solut ion p rope r t i e s  of 

po lys ty rene .  All i so the rmes  behave  non- ideal .  The ana ly t i ca l  express ion  of t he  

c o n c e n t r a t i o n  dependence  of the  reduced  c h e m i c a l  po ten t i a l  of the  so lven t  is 

c o m p l i c a t e d .  Howeve r ,  i t  is ev iden t  tha t  the  c h e m i c a l  po ten t i a l  su r f ace  exhibi ts  

a deep min imum val ley  i n t e r s e c t e d  by the  plane x 2 = .5. The mix tu re  of the  so lvent  

cyc lohexane  with  the  non-so lven t  a c e t o n e  forms a s t r u c t u r e  with much b e t t e r  

so lva ta t ion  p rope r t i e s  than cyc lohexane ,  i r r e s p e c t i v e  the  t e m p e r a t u r e .  Points  

a re  ind ica ted  in Fig.  I a t  the  i n t e r sec t i ons  of the  reduced  c h e m i c a l  po ten t i a l  

su r face  with the  plane A ~ l e / c 2 2 v l  = 0 and with  the  cor responding  p ro jec t ion  

plane  A g l e / c 2 2 v l  = .9 . The curves  through these  two groups of points  in the  

ind ica te  the  e x i s t e n c e  of a lower  c r i t i c a l  t e m p e r a t u r e  for the  t e rna ry  sys tem 

p o l y s t y r e n e - c y c l o h e x a n e - a c e t o n e ,  which is s i tua ted  in the  c o n c e n t r a t i o n  range 

�9 g5 < x 2 < .55 . At  x 2 values  above .5 i t  is obvious tha t  minor changes  in x 2 

induce la rge  changes  of the  O - t e m p e r a t u r e ,  whe reas  below x 2 -~.5 - i n  a rough 

a p p r o x i m a t i o n -  the  O - t e m p e r a t u r e  changes  10 ~ with  x 2 changes  of �9 1. 

The t e m p e r a t u r e  dependence  of the  reduced  c h e m i c a l  po ten t i a l  is a func t ion  of 

the  a c e t o n e  c o n c e n t r a t i o n  (Figure  2). The T-dependence  o f A / ~ l e / c ) 2 v l  deteYmines 

tha t  of the  t h e r m o d y n a m i c  di lut ion func t ions  A h t / c  2v I and TAs e / c  2 v  1. F igure  
2 1 2 

3 p resen t s  compos i t ion  and t e m p e r a t u r e  dpendence  of the  t h e r m o d y n a m i c  solut ion 

p a r a m e t e r s .  The points  a t  which Ah 1 and - T & s  I cance l  a re  the  pseudoideal  s t a t e s .  

Below 308 K the re  a re  two such points  on each  i so the rm,  which l imi t  the  region of 
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m isc ib i l i t y ,  Within these bor-  

ders the enthalpy te rm has a 

lower value than the entropy 

te rm.  The inf luence of acet -  

one is much morepronounced 

below x2~5 than above. This 

is an indicat ion that  the "ac t -  

ive" s t ructure of the mix tu re  

exists also in this region -0,9 
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F rom F igure  3 a so lvent  16 

e f f e c t  is ev iden t  which 

can be expressed  quaI i t -  
14 

a t ive ly  as b A h l /  ~x 2 

and ~ A S l / ~ X  2 . This 

spec i f i c  so lvent  e f f e c t  12 

e x h i b i t s  i ts  max imum 

value  a t  x 2 = 0 for both 

funct ions .  The slope 10 

~ A s l e / ~ x  2 becomes  pro-  

g r e s s i v i l y  w e a k e r  wi th  g 
i n c r e a s i n g  a c e t o n e  con-  

c e n t r a t i o n .  Such changes  

may have  its origin in 6 

o r i e n t a t i o n  e f f e c t s  due 

to the  " a c t i v e "  s t r u c t u r e  
4 of the  mix tu re ,  which is 

fo rmed  by the  di lut ion of 

acetone wi th cyc lohex-  2 

ane. It is remarkable 
1 

that the enthalpy term 0,0 

passes through a min- 

imum endothermic state Figure 3. 

0,2 0,/+ 0,6 0,8 

Reduced enthalpic and entropic functions 

at x 2 "~ .5 and rises slowly than towards higher acetone concentrat ions. The endoth- 

ermic minimum evidences that here the in teract ion wi th the solute has the max- 

imum values. 

In the fo l lowing an a t tempt  is made to in terprete  the increasing solvent ac t i v i t y  of 

acetone wi th decreasing x 2 by means of studies one the pure solvent mixture.  

A s igni f icant  posit ive excess volume has been found for cyctohexane-acetone 

mixtures wi th in  the whole temperature range, 2gg - 323 K (see Figure #) (SCHU- 

STER~ R. H. and CANTOW~ H . -3 ,  to bepublished). Such a behaviour can occur 

in mix tu res  of non-polar  molecu les  of d i f f e r e n t  s ize and shape, as well  as in m i x t -  

ures  in which one componen t  a s soc ia tes  in the  pure s t a t e .  Assoc ia t ion  is b reaked  

of than by di lut ion with  the  unpolar componen t .  The max imum of AV e is s i tua ted  

at  x 2 ~- .J  again.  As d e m o n s t r a t e d  in F igure  5 t he  mix tu res  of c y c l o h e x a n e  and 

a c e t o n e  exhib i t  non-ideaJ behaviour .  These observa t ions  - v o l u m e  and v iscos i ty  

non- idea l i ty  - support  the  plausible  assumpt ion  tha t  assoc ia t ion  - c l u s t e r i n g -  of 

a c e t o n e  molecu les  breaks  down by di lut ion with  cyc lohexane .  
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F i g u r e  #. Excess  vo lume  of c y c l o h e x a n e - a c e t o n e  
m i x t u r e s ,  300 K 
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Consequently~ the free energy 

of the "specif ic" polar comp- 

onent oi  the mix ture is higher 

in the composit ion range 0<x  2 

< ,~ than in the pure solvent, 

Thus, interact ions between 

the %pecif ic"  component and 

the solute, polystyrene, can 

determine a pronounced decr- 

ease of the free energy of the 

" s p e c i l i c "  c o m p o n e n t .  This 

c o n t r i b u t e s  to  an  e h a n c e d  sol-  

u b i l i t y  of p o l y s t y r e n e .  The 

deep  m i n i m u m  of t he  c h e m -  

ical  p o t e n t i a l  is caused  by 

the  m a x i m a l  c o n c e n t r a t i o n  of 

t h e  spec i l i c a l l y  i n t e r a c t i n g  

spec ies .  

if th i s  is t rue ,  t he  d e g r e e  of 

d i s soc i a t i on  of t he  a c e t o n e  

can  be a p p r o x i m a t e d .  It has  

to be  a s sumed  t h a t  a f r a c t i o n  

of the  a c e t o n e  molecu]es  is 

c l u s t e r e d  in t he  pure  l iquid.  

Even if t he  b r e a k d o w n  of t he  

a s soc i a t i on  is no t  c o m p l e t e  a t  

x 2 = 0 the  maximal dissociat- 

ion is reached here. The exo- 

thermic contr ibut ion of the 

dissociated acetone, the act-  

ive specif ic component, can 

be at t r ibuted to be the inter-  

c e p t  of x 2 = 1 axis  and a t a n g -  

F i g u r e  7" Viscosity.  ~/ ,300 K~ and n o n - i d e a l i t y  t e r m  en t  a t  x 2 = 0 on t h e A h [ e / c 2 2 v [  
(~M _ ~id)[~3id cyc~ohexane-acetone curve. From this intercept  at 

a given temperature and from the acetone concentrat ion in the system the 

approximate degree of dissociation of the acetone clusters can be calculated 

(see Figure 6). It turns out that in the region x 2 -~ .~ more than 70 % of the 
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100 c lus te r s  a re  d i ssoc ia ted .  

True coso lvency  was ver i f i ed  for 

p ~ 1 7 6  a c e t ~  80 

by m e a s u r e m e n t s  of the  STAU- 

D I N G E R  - indices ,  addi t ional ly .  

F igure  5 p resen t s  da ta  at  307.5 K. 60 

The x 2 -  dependence  resembles  

tha t  of the  c h e m i c a l  po ten t i a l .  

The [ ~ ]  minimum at  equ imola r  40 

so lvent  mix tu re  may be expla ined  

by enhanced  spec i f i c  i n t e r ac t i on  

again.  20 

In conclus ion a no t ewor thy  sys- 

t em has been  discussed,  where  

appropr i a t e  cho ice  of the  m i x t -  

ure  of one dispers ive  and one 

spec i f i ca l ly  i n t e r ac t i ng  so lvent  

c o m p o n e n t  al lows to ta i lor  made  1,2 

t h e r m o d y n a m i c  solut ion prop-  

e r t i e s .  The specia l  role  of a c e t -  

one d issocia t ion  in mix tu res  wi th  1,0 

c y c l o h e x a n e  has been e luc ida ted .  

The ques t ion  remains  open how 
0,B 

to t r ans fe r  the  findings on the  

LMWM a c e t o n e  to m a c r o m o l e c -  

ules bear ing  corresponding  spec-  0,6 

i f ica l ly  i n t e r ac t i ng  groups.  Prob-  

ab ly ,  assoc ia t ion  is s igni f ic -  

ant ly  diminished in po lymer i c  0,~ 

chains,  and the chance  for en th -  

a lpic  i n t e r ac t i on  with  c o m p l i m -  

en t a ry  groups in a second poly-  

mer  may be enhanced  because  of 

the  s t e r i ca l  s i tua t ion .  Work is 

in progress  in order  to t r ans fe r  

o, l%) I K 
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0 ' ' , , , X2, ' ' 

0,0 0,2 0,4 0,6 0,8 1,0 

F igure  6. Dissocia t ion  of a c e t o n e  in mix tu res  
wi th  cyc lohexane  
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F i g u r e 5 .  STAUDINGER indices of p o l y s t y r e n e -  
c y c l o h e x a n e - a c e t o n e  mix tu res  , 307.5 K 

the  knowledge  der ived  f rom a spec i f i ca l ly  i n t e r ac t i ng  LMWM to corresponding  

m a c r o m o l e c u l e s .  
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