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S u m m a r y  

It is demonstrated that di lute solution l ight -scat ter ing experiments under 'optical 9 -  
conditions' offer rapid and reliable judgement of the interaction parameters in polymer 
blends. This has been verif ied with miscible blends of polystyrene with poly(vinylme- 
thylether) and with the immiscible pair polystyrene - poly(vinylisobutylether). 
The capabilit ies of the optical e- approach in order to derive the influence of polymer- 
polymer interaction on chain dimensions are discussed shortly. 

I n t r o d u c t i o n  

Because of the experimental d i f f icu l t ies and sacrifice of t ime in determining the 
compatibi l i ty of polymer blends in the solid state fast methods are asked for to derive 
relevant data from measurements in solution. Accurate determinations of polymer- 
polymer interaction in solution are crucial, however, because the polymer-solvent 
interactions are much higher typlically. Addit ionally, the choice of the 'right' solvent 

i s  problematical. Fukuda et al. ) recently proposed a procedure which allows exact 
measurements of Flory-Huggins polymer-polymer interaction parameters, X23, 2) 
in di lute solution by l ight scattering. They demonstrated, for the incompatible mixture 
polystyrene - poly(methylmethacrylate), that measuring under 'optical O-conditions' 
cancels the solvent-polymer interaction parameters, x12 and X13, thus yielding exact 
values of x23 �9 
In the fol lowing we expand this method to the investigation of miscible polymer blends, 
with polystyrene - poly(vinylmethylether) as the example. Further interest has been 
pointed at the molecular weight and blend composition dependence of X 23 in solution. 

E q u a t i o n s  

According to the theory of multicomponent systems 3) we obtain the forward scattering 
excess over the solvent, ARo, for a ternary solution, solvent 1 - polymer 2 - polymer 3, 

AR o / K* = c l ~ 2 2 M  2 x 2+ ~32 M 3 x 3] - ( I )  

2 c 2 [(~2 M2 x2 +~3 M3 x3) " (~2 M2 x2 B22 +~3 M3 x33 B33) + 2~2~3 M2 M3 x2 x3 AB23] 

with K* = 4w 2 n 2 1 (N A ),04 ) 

~i = dn I dci i = 2,3 

x 2= I - x  3 = c  2 l ( c  2 + c  3) 

AB23 = B23 - (B22 + B33) / 2 

The 'optical O-condition' is fu l f i l led with 

~ 2 M 2 x 2  + ~ 3 M 3 x 3  = 0 ( 2 )  
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With this condi t ion equ. ( I )  reduces to 

AR o / K* = c [$22  M 2 x 2 + $32 M 3 x  3] - 45253 x2 x 3 A B 2 3 c  2 ( 3 )  

With the assumption that  the speci f ic  volumes of the po lymer  components, v 2 and 
v 3, are ident ical  - which is val id for  the invest igated polymers - we combine equ. 
(3) w i th  the classical Flory-Huggins expression and obtain 

c I AR o = A + 25253 M 2 M 3 x 2 x 3 -~-lZ A2 • c K* ( 4 ) 

wi th  A = ( $ 2 2  M 2 x 2 + $ 3 2  M 3 x 3 ) - I  

i t  is evident  that  the slope of the plot  K*c l t ,  R o versus po lymer  concentra t ion yields 
d i rec t  in fo rmat ion  concerning the po lymer -po lymer  in terac t ion parameter ,  w i thout  
in ter ference of  p o l y m e r - s o l v e n t  in teract ion,  i f  the 'opt ical  0-cond i t ions '  are sat isf ied.  
The slope is posi t ive for  a misc ib le  and negat ive for  a immisc ib le  po lymer  blend. 

E x p e r i m e n t s  

Samples and Characterization : The low polyd ispers i ty  a tac t i c  polystyrenes (PS) 
were Pressure Chemical  products (Mw/M n 1.06). Po ly(v iny lmethy le ther )  (PVME) and 
poly(v iny l isobuty le ther)  (PViBE) were purchased f rom EGA, w i th  Mw/M n = 1.85 and 
1.95, resp. Molecular  weights were determined by l ight  scat ter ing,  membrane osmome- 
t r y  and gel permeat ion  chromatography.  Data are given in Table 1. 

Refractive Index Increments were measured w i th  a d i f fe ren t ia l  r e f r ac tome te r  in 
ch lo robenzeneat  20 ~  ~PS = 0.0820, ~PVME = - 0 . 0 5 5 2  and ~PViME = - 0 . 0 7 9 2 .  

Light Scattering Experiments were carr ied out at 20 ~ C on a Sofica l ight  scat ter ing 
photometer ,  in the same solvent. Scat tered intensi t ies were recorded f rom 3 0 -  150 ~ 
in increments of  10 o, w i th  ve r t i ca l l y  po lar ized l ight  of  436 nm wavelength.  Solutions 
were c la r i f ied  by f i l t r a t i on  through 0.2 and 0.45 pm membrane f i l te rs ,  respect ive ly .  

Table 1 : Mwi  of  components and xps, A and X23 for  PS-PVME and PS-PViBE mix tures 

MwPS' I0-4  MwPVME . I0-4  MwPViBE.10 -4 xps Aexp.103 Acalc . I03 X23 

1.75 5.50 - 0.6791 7.74 7.48 - 0.018 
3.75 5.50 - 0.5001 5.07 4.80 - 0.011 
5.00 5.50 - 0.4254 4.51 4.18 - 0.009 
6.85 5.50 - 0.3508 3.90 3.72 - 0.008 

11.0 5.50 - 0.2518 3.28 3.21 - 0.006 
126 - 116 0.4706 0.17 0.13 + 0.013 

R e s u l t s  and D i s c u s s i o n  

Several mix tures of  PS and PVME and a m ix tu re  of  PS and PViBE have been invest i -  
gated. Z imm-p lo ts  are shown in Figures 1 and 2. From the slopes of  the rec iprocal  
scat ter ing intensi t ies at zero angle versus concentrat ion the X23 have been obtained.  
Figure 3 presents the o ther  results. Data are given in Table 1. 
For al l  mix tures of  PS and PVME negat ive values of  X23 have been found, ind icat ing 
m isc ib i l i t y  at 20 ~ C for  both polymers, over the ent i re  region of  molecular  weights 
and mix ing rat ios invest igated. Accord ing to expectat ions the po lymer -po lymer  in ter -  
act ions are very smal l .  They are in good agreement w i th  measurements by other  
methods 4) - 6). Thus, for  chlorobenzene, the appropr ia te  choice of  the common solvent 
is ce r t i f i ed  also. Being a the rmodynamica l l y  good solvent for  both components, i t  
approaches the ' symmet r ica l  case'. As expected X23 varies w i th  M w and mix ing ra t io .  
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Addi t ional ly ,  the interact ion between PS and PViBE has been studied in the same 
solvent. The posit ive value o f  X23 reveals incompat ib i l i ty  of  both polymers, in agree- 
ment wi th the solid state behaviour. 

The exactness of  the l ight scatter ing measurements may be proofed by comparing 
the calculated values o f  the constant A with the exper imenta l  ones, as derived f rom 
the intercepts in Figures 1 - 3. As shown in Table 1 the exper imental  error ranges 
wi th in some percents only. Thus, the exper imental  uncer ta in i ty  of  X23 is also small. 

I n f l u e n c e  o f  P o l y m e r  - P o l y m e r  I n t e r a c t i o n  o n  C o i l  D i m e n s i o n s  

The conformat ional  balance o f  a macromolecular  coil  is a l tered by specif ic interact ion 
wi th a low molecular  weight solvent 7) as well as wi th another macromolecular  compon- 
ent S) Under opt ical  66conditions the angular dependence of  the l ight scattered by 
the blend components is inf luenced by this e f fec t  in a complex way, due to the contr i -  
butions of  both the macromolecular  components. The si tuat ion is less compl icated, 
however, i f  one o f  the polymers exhibits molecular dimensions below those detectable 
by l ight scattering. This is the case approx imate ly  for  the PVME engaged in the measur- 
ements discussed (M w =5.5"104), even i f  one takes into consideration a possible chain 
st i f fening due to interact ion wi th the PS component. Consequently, under those condi t -  
ions, the angular dependence o f  the scattered l igth is determined solely by the PS. 
Thus, for high molecular weight PS the inf luence o f  polymer-polymer interact ions 
on the end-to-end distance should be analyzable. 

Matching the re f rac t ive  index of one polymer component with that of  the solvent 
seems to o f fer  an a t t rac t ive  a l ternat ive to the procedure discussed. One has to choose 
another solvent in this case, wi th the consequence that the absolute data for the 
interact ion parameter and, possibly, the molecular dimensions may be al tered. Fluoro- 
toluene is an approx imate ly  isorefract ive solvent for  PVME. Thus, PS dimensions 
could be studied wi th and without specif ic interact ion wi th PVME segments. 

A chance may be of fered also by deviat ing from opt ical  66conditions when applying 
the 'opt ical  O-solvent', chlorobenzene, in the discussed case. By a l ter ing the components 
rat io  for the mixture PSl1.104 / PVME5.5.104 , i. e., f rom xps = 0.2518 to xpVME 
= 0.2518, the angular dependence of  scattered l ight would be dominated by PS. When 
choosing an even lower molecular weight PVME, the e f fec t  of  scattered l ight dissym- 
metry  o f  this component could be suppressed to an amount nearby to the exper imental  
error. Thus, a chance is o f fered to c la r i fy  the inf luence of  specif ic interact ion on 
molecular dimensions even with 'opt ical O-solvents'. 

Studies are under progress to evaluate specif ic polymer interact ions f rom l ight scat ter-  
ing experiments, wi th 'opt ical  O-'  and with re f rac t ive  index matching solvents. 

A c k n o w l e d g e m e n t  : This work has been supported f inanc ia l ly  by the DEUTSCHE 
FORSCHUNGSGEMEINSCHAFT with in the SONDERFORSCHUNGSBEREICH 60. 

R e f e r e n c e s  

1. T. Fukuda, M. Nagata and H. Inagaki, Macromolecules 17, 548 (1984) 

2. P .J .  FIory, J. Chem. Phys. 10, 51 (1942) 
M. L. Huggins, Ann. N. Y. Acad. Sci. 43, 1 (1942) 

3. W. H. Stockmayer, J. Chem. Phys. 18, 58 (1950) 
J. G. Kirkwood and R. J. Goldberg, J. Chem. Phys. 18, 54 (1950) 
T. K. Kwei, T. Nishi and R. F. Roberts, Macromolecules 7, 667 (1974) 
J. Jelenic, R. G. Kirste, R. C. OberthUr, S. Schmit t-Strecker 
and B. J. Schmitt, Makromol.  Chem. 185, 129 (1984) 
S. Klotz,  R. H. Schuster and H.-J. Cantow, Makromol.  Chem., submitted 
H.-J. Cantow and D. Lausberg, Polymer Bul let in 13, 393 (1985) 

1985 

4o 

5. 

6. 

7. 

Accepted July 15, 


