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S u m m a r y  

Polymer blends of  theoretical and practical interest frequently are comprised of  
copolymers, which contain sequences di f fer ing with respect to chemistry and / or to 
configuration. An approach is proposed, which may take into account the ef fect  of con- 
f igurat ional sequence distr ibutions on the miscib i l i ty  of blends. Blends of  monotactic 
homopolymers with components of both identical and di f fer ing chemistry are treated 
f i rst .  Direct ional-specif ic intermolecular as well as repulsive intramolecular interact-  
ions are taken into account on a tr iad basis. The treatment wi l l  be expanded to blends 
with copolymer components, in which chemical and configurational sequences overlap. 

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

By mixing compatible polymers, new and favourable properties can be obtained, 
which d i f fer  from those of  the individual components. This has been demonstrated, 
for example, by the dynamic mechanical properties of polystyrene - poly(v inylmethyl-  
ether) blends 1.1. Partial thermodynamic compat ib i l i ty  plays a dominant role in two- 
or multiphase systems, because of force transfer between the phases. 

Direct ional-specif ic intermolecular interactions have been assumed for quite 
some t ime to be the unique source of thermodynamic compat ibi l i ty.  The HILDEBRAND 
solubi l i ty parameter concept is based on this assumption. Experimental ly it has been 
found, however, that many copolymers are miscible even i f  the homopolymer compo- 
nents are immiscible. 

Although SIMHA 2) discussed the role of repulsive and of at t ract ive interactions 
very early, wi th in the context of copolymerization phenomena, those effects have 
only recently been taken into consideration with respect to polymer miscibi l i ty,  
bv KAMBOUR et al. 3), PAUL and BARLOW /4), TEN BRINKE et al. $), BALAZS et al. 
6}7) and HOWE and COLEMAN 8). 

PAUL and BARLOW developed a binary interaction model for polymer blends 
containing copolymers, which explains the miscib i l i ty  window in such systems. Both 
intermolecular and intramolecular interactions of component units are taken into 
account, wi th the consequence that repulsive intramolecular interaction may enhance 
miscibi l i ty .  In a blend of  a copolymer A_B with a polymer C, the intermolecular AC and 
AB interactions are thus modified by the intramolecular repulsion between AB diads. 

BALAZS et ah have refined this model by considering the sequence dist r ibut-  
ion using a tr iad approach. In the fol lowing, we compare both approaches with the 
conclusion that, in our opinion, BALAZS et ah have made some inconsistent approxi- 
mations concerning tr iad influences. 

Subsequently, we t ry  to modify the polymer - copolymer approaches in order to 
make them applicable for blends of monotactic homopolymers, which are identical or 
non-identical with respect to their  chemistry. Direct ional-specif ic intermolecular as 
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well as repulsive type in t ramolecular  interact ions are taken into account, in a subse- 
quent paper, blends containing copolymers wi th an overlapping o f  chemical and conf i -  
gurat ional  sequence distr ibut ions wi l l  be t reated with respect to thei r  misc ib i l i ty .  

Background 
For misc ib i l i t y  the f ree energy o f  mix ing &G m = AH m - TAS m has to be negative. 

In addit ion, i t  is required that  3 2 AG m / 3~i 2 > 0 ,  wi th ~i the volume f ract ion of  
e i ther  component. The FLORY - HUGGINS model for  polymer solutions has been ex-  
tended for  polymer - polymer mixtures. It is assumed that the only contr ibut ion to 
the entropy of  mix ing is the combinator ia l  one 

6S m = -R(V A + V B) [~AIn~A / V A + ~BIn~B / V B] , ( 1 ) 

wi th  V i the molar volume of  component i and V A and V B the actual volumes of  the 
components comprising the mixture.  The enthalpy of  mixing is assumed to be o f  VAN 

LAAR type AH m = (V A + V B) B ~A~B ( 2 ) 

The binary interact ion energy density, B, is re lated to the interact ion parameter X by 

B / R T =  X A / V A = X B / V B = X A B  ( 3 )  

While PAUL and BARLOW prefer  B since its basis is always c lear ly  a unit o f  m ix t -  
ure volume, we wi l l  apply the more fami l ia r  X' s. 

According to the FLORY - HUGGINS approach, since the combinator ia l  entropy 
is negl ig ible for  high molecular  weights, only a negat ive interact ion parameter leads 
to polymer blend misc ib i l i ty .  Furthermore, demixing at elevated temperatures cannot 
be explained. Equation o f  state theories e l iminate this shortcoming. Since they are 
also based on the concept o f  binary intermolecular  interact ion parameters, negative 
values o f  the interact ion parameter are st i l l  necessary for miscib i l i ty .  

BARLOW and PAUL successfully interpreted the mix ing behaviour o f  blends con- 
ta in ing copolymer components by appropriate consideration of  both intermolecular  and 
in t ramolecular  interact ions, with the consequence that polymers may be miscible i f  
repulsive in t ramolecular  in teract ion compensate non-favourable intermolecular  con- 
tacts. As in teract ion parameter o f  a copolymer AB wi th a homopolymer C they derive 

XA,B;C = XACfA + XBCfB - XABfAfB , ( 4 ) 

wi th fA and fB the mole fract ions o f  the copolymer components, and XAC �9 XBC the 
in termolecular  and XAB the repulsive int ramolecular  interact ion parameters. 

This model considers the int ramolecular  inf luence of  the AB diad on the copolymer 
thermodynamic character.  Assuming that both homopolymer pairs, AC and BC, are 
immiscible, thei r  in teract ion parameters being posit ive, this can be outweighed 
by a large enough posit ive int ramolecular  repulsive interact ion between A and B 

XAB > (XAC 1/2 + XBC1/2) 2 ( 5 ) 

However, this model can describe only symmetr ical  curves for XAB versus f i .  

BALAZS, SANCHEZ, EPSTEIN, KARASZ and MACKNIGHT 6) have introduced, con- 
sequently, chemical t r iad sequence distr ibut ions into thei r  approach. The repulsive 
type in t ramolecular  interact ions are supposed, however, equivalent with the average 
in teract ion parameter,  XAB, in accordance with BARLOW and PAUL 4 )  The d i rect ion-  
a l -speci f ic  in termolecular  interact ions are assumed to be dependant on the neighbours 
o f  the interact ing groups. Consequently, the fo l lowing A and B centered tr iads have 
been taken into account for  a blend of  a copolymer AB wi th a homopolymer C 

BAB BAA AAB AAA - ABA ABB BBA BBB 

In order to reduce the number o f  parameters, the fo l lowing s impl i f icat ions are 
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int roduced by the authors 

XAC = XBAB;C = XAAB;C = XBAA;C ~ XAAA;C 

X-BC = XABA;C = XABB;C = XBBA;C ~ XBBB;C 

With these approx imat ions  the in terac t ion between the blend components is 

XAB;C = X-ACfA + X--BCfB - XABfAfB  +AXA( fAA2 / fA  ) +AXB(fBB2/fB ) , ( 6 ) 

w i th  AXA = XAAA;C - X--AC AXB = XBBB;C - X-BC . ( 7 ) 

A negat ive AXA means tha t  AAA;C in teract ions are more favourable fo r  m isc ib i l i t y  
than other  in teract ions of  A centered t r iads w i th  C. Conversely, a posi t ive AXA impl ies 
that  the in teract ions o f  mixed t r iads w i th  C are more favourable than the AAA;C ones. 

The authors then in t roduce a theta  parameter  that  describes the sequence d i s t r i -  
but ion w i th in  the po lymer  chain. The sequence d is t r ibu t ion  - b locky, a l te rna t ing ,  or 
s ta t i s t i ca l  - is de te rmined in a convenient manner.  For a f ixed composi t ion,  an op t ima l  
range of  sequence d is t r ibut ions - in terms of theta - exists fo r  AB;C m isc ib i l i t y .  

T h e o r e t i c a l  C o n s i d e r a t i o n s  C o n c e r n i n g  t h e  E f f e c t  o f  
C h e m i c a l  a n d  C o n f i g u r a t i o n a l  S e q u e n c e  D i s t r i b u t i o n  
on t h e  M i s c i b i l i t y  o f  P o l y m e r  B l e n d s  

In our opinion, the approx imat ions  concerning the t r iad  e f fec ts  on m isc ib i l i t y ,  as 
given above, are inconsistent.  To make this evident ,  we not ice tha t  i t  is assumed that  
i t  is i r re levant  whether  an AB diad wi th in  an A centered t r iad  is neighboured by an 
A or  a B uni t .  Analogously fo r  the B centered tr iads, the same assumptions have 

been made. The s i tuat ion is v isual ized on the le f t .  Consequently, i t  is 
BAB ABA not establ ished that  X--AC and X--Bc.hhave d i f f e ren t  values. As the conse- 
AAB ABB quence of these approx imat ions,  XAC becomes ident ica l  w i th  XBC- 
BAA BBA Fur thermore  i t  is not discerned that  XAAA;C ~ XAAB;C �9 i f  XAAB;C = 
AAA BBB X BAB;C. In_.both cases an A is subst i tu ted by a B. The consequence is 

X A A A ; C -  XAC = XBBB;C-  XBC =&XA=AXB = 0 .  

I f  this is t rue,  the t r i ad  approach collapses because the sequence d is t r ibu t ion  is not 
taken into account,  and the equat ion for  XAB.C is governed by the diad cont r ibut ions 
in the repulsive te rm only. Thus, i t  becomesl-~ent ical  to that  of  BARLOW and PAUL. 

A mod i f ied  assumption, however,  may be jus t i f iab le .  The d i f fe rence in in te rac t ion  
between AAA;C and AAB;C may be assumed to be ident ical  w i th  that  of  AAB;C 
and BAB;C. The corresponding assumption may be made for  the in terac t ion  of  the 
B centered t r iads w i th  C. Changing neighbours w i th in  a t r iad  may be weighted then 
in an appropr ia te  way. Thus, we def ine 

AXA = XAAA;C - XAAB;C = XAAB;C - XBAB;C ( 8 ) 

AXB=XBBB;C - X B B A ; C  = XBBA;C-  XABA;C ( 9 )  

The conclusions of  BALAZS et al .  concerning m isc ib i l i t y  windows in p o l y m e r -  
copo lymer  blends w i l l  remain val id,  however.  

We l ike to propose, however,  an a l te rna t i ve  approach, which takes into account 
the ro le o f  the t ransi t ions between blocky and a l te rna t ing  sequences in a consequent 
way, fo r  chemical  as wel l  as for  conf igurat iona l  copolymers.  

In order  to  in te rp re te  the inf luence of  the conf igura t ion on m isc ib i l i t y  we f i r s t  dis- 
cuss a blend of  two  chemica l l y  ident ical  homopolymers,  A* and A* ' ,  which d i f f e r  in 
t a c t i c i t y .  We regard iso tac t ic  (I), synd io tact ic  (S) and he te ro tac t i c  (H) t r iads as 
separate units. In ter -  and in t ramo lecu la r  in teract ions are assumed to depend on the 
neighbour groups. The in terac t ion  pa ramete r  may be w r i t t en  
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XA*A* '  = XAIA S( fA  l - f A '  I )"  (fA' s - f A  S) + XAIA H ( f A I - f A ' I ) ' ( f A ' H - f A H )  

+ XAsA H (fAs - fA,s) �9 (fA. H - fAH ) ( 10 ) 

As the next system the blend of A* wi th non-tact ic  C, e. g. polyv inylchlor ide and 
polyv inyl idenchlor ide,  may be discussed. The interact ion parameter is 

XA*C = XAIC fA  I + XAHC fA H + XAsC fA  s 

- XAIA S fA I fAs  - XAIA H fA I fAH - XAsA H fAs fAH ( 11 ) 

Next we interprete the misc ib i l i ty  of  two monotact ic  vinyl polymers, A* and C*, 
which are d i f fe ren t  wi th respect to thei r  chemical structure, e. g. polyv iny lchlor ide 
and poly(methy lmethacry la te) .  Both the partners contain isotact ic (I), syndiotact ic (S) 
and hetero tac t ic  (H) tr iads, which determine the conf igurat ional  sequence distr ibut ion 
wi th in  the chain. Below, A (e) and C (o) chain sectors are visualized. They include all  
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the triads, which may perform intermolecular  interact ion, wi th XAICI ,  XAICs ,  XAI C H ' 

XAsC I , XAsC S , XAsC H , XAHC I , XAHC S , and XAHCH . We introduce the approx- 

imations XAICs = XAsCI ,  XAICH = XAHC I ,  XAsC H = XAHC S, XAHC H = ( X A I c  H + 
X A s C H ) / 2 .  Further, we consider the se l f - in teract ion parameters XA IAs ,  X A I A H ,  

XAsA H , XClC S , XCIC H , and XCsCH.  They may take into account also the e f fec t  
o f  conformat ional  transit ions between I and S triads, as a consequence of  those from 
prefered hel ical  to prefered zig - zag conformat ion.  Under these premises the inter-- 
act ion parameter  between the monotact ic  polymers A* and C* becomes 

XA*C* = XAIC I fA l fC  I + XAsC S fAsfC S + XAIC S ( fA l fC S + fAs fC l )  + XAICH ( fA l fCH 

+ fAHfC I  + fAHfCHI2 )  + XAsC H ( fAsfC H + fAHfCS + fAHfCHI2)  - XAIAs f A l f A  S 

- X A I A  H f A i f A  H - XAsA H fAs fA  H - XCIC S f c I f c  S - XCIC H f c i f c  H - XCsC H fCsfC H 

The enthalpies o f  mix ing for  the A ' C *  and the A ' A * '  blends are ( 12 ) 

&HmA*C * = XA*C*~A~C AHmA*A *' = XA*A* '  ~A ~A' ( 13 ) 

The exper imenta l  determinat ion o f  the in termolecular  and o f  the in t ramolecular  
in teract ion parameters may be performed with blends o f  the A ' A * ' ,  the C 'C* '  and 
the A ' C *  type, wi th var iable tac t i c i t y .  Simpl i f icat ions may be introduced with respect 
to the e f fec t  o f  H tr iads. Their  in termolecular  e f fec t  may be taken into account by 
delegat ing the i r  act ion hal f  to the I and hal f  to the S triads. The analysis o f  the misci-  
b i l i t y  behaviour o f  tac t ic  blends would be weakened, however, by this a t tempt .  

Polymer blends o f  theoret ica l  and pract ical  interest f requent ly  are comprised o f  
copolymers, which contain sequences d i f fe r ing wi th respect to chemistry and / or to 
conf igurat ion.  Their  physical and appl icat ional  propert ies are strongly governed by se- 
quence distr ibut ions wi th in the macromolecular  chains. The proposed evaluat ion may 
help to develop a bet ter  understanding o f  the molecular  basis o f  polymer compat ib i l i ty .  

In a subsequent paper misc ib i l i ty  o f  copolymer blends o f  the types A ' B * ;  A * ' ,  
A ' B *  ; C* , A ' B *  ; A * 'D *  , and A ' B *  ; C ' D *  wi l l  be discussed, in which overlapping 
ef fects  o f  chemical and conf igurat ional  sequence dist r ibut ion may be seen. 
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