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SUMMARY 

Three PE0-P~t-PEO t r ib tock  polymers and thei r  parent ho- 
mopotystyrene have been studied by means of t ight  sca t t e r ing  
technique in chloroform, toluene and ethyl aceta te .  It has been 
found that the weight average molecular weights calcula ted by 
using the equation Mapp= Mw + 2P(v A - v S) /v  + Q[( v A - V B)/V ]2 
were unbelievable negative values; and the Largest devia t ion  
appeared for the sample with PEO mote content of about 5g~ 
Data of PSt-PEO-PSt t r ib tock  polymers in Li terature have been 
quoted and discussed. 

INTRODUCTION 
The so lu t ion  proper t ies  of block polymers have a t t r ac ted  

great a t t e n t i o n  of a number of workers in recent years ( I -10) .  
ALthough osmometry and v i scos i ty  measurements may be used to get 
information on the second v i r i a t  coe f f i c i en t  and the radius of 
gyration, respec t ive ly  (6, l l -13) ,  t ight  sca t t e r ing  technique 
has been emptoyed to determine both the radius of gyrat ion and 
the second v i r i a t  coe f f i c i en t ,  even to provide important 
information about the conformation of block polymers in d i lu te  
solut ions (2-8,10). 

However, t ight  sca t t e r ing  studies have been r e s t r i c t e d  so 
far to some c l a s s i ca l  d i -  or t r ib tock  polymers of polys tyrene-  
poty(methyt methacrytate) ,  potystyrene-potyisoprene or potys ty-  
rene-potybutadiene.  KisakUrek and Saysa! (10) reported some 
re su l t s  of t i9ht  sca t t e r in9  on potys tyrene-poly(e thytene  oxide)-  
polystyrene ( PSt-PEO-PSt ) t r ih lock  polymers, but the ran9e of 
composition of the samples was narrow, with polystyrene wei9ht 
content of about 90~ . 

In the work reported here three poty (e thylene  oxide) -po- 
tystyrene-poty(  ethylene oxide) (PEO-PSt-PEO) t r ib tock  polymers 
( with PEO mote content ranging from 18.7g to 61.Og ) and the 
parent polystyrene homopotymer were studied by t ight  sca t t e r ing  
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in chloroform, toluene and ethyl  ace ta te .  

EXPERIMENTAL 
Polymer samples - PEO-PSt-PEO t r ib lock  polymers were syn- 

thesized via  sequent ia l  anionic polymerizat ion by using sodium 
naphthalene as i n i t i a t o r  (14). The main c h a r a c t e r i z a t i o n  r e su l t s  
of these polymers and the i r  parent homopotystyrene are given in 
Table 1, 

Measurements - The spec i f i c  r e f r a c t i v e  index increments 
( v -  dn/dc ) were determined with DR-I re f rac tometer  at a t i9ht  
wavetenoth of 436 nm and 25~.  Lioht s c a t t e r i n  0 s tudies  were 
ca r r i ed  out in PG-21 liDht sca t t e r in9  photometer over the 
angular ranDe 45-135" , at the same  tiDht wavetenoth and 
temperature as used in dn/dc measurements. All solvents  were 
dr ied and d i s t i l l e d  before use. Polymer so lu t ions  were f i l t e r e d  
throuDh G5 s in te red  0lass funnel and centrifuDed at 1.2x104 rpm 
for 2 hours before bein 9 introduced into the c e i l .  

RESULTS AND DISCUSSION 
In this  study, we chose chloroform, toluene and ethyl ace- 

ta te  as solvents  which have quite d i f f e r e n t  r e f r a c t i v e  index in-  
crements and s o l u b i l i t y  for PSt and PEO. Warmin9 was necessary 
for d i s so tv in  9 block polymers 302 and 303 in toluene and ethyl  
ace ta te .  The r e f r a c t i v e  index increments of the PEO-PSt-PEO 
t r ib tock  polymers and the i r  parent homopotystyrene are given in 
Table i, and show 9ood l inear  r e l a t i ons  with the i r  composition 
in the three solvents ,  as pointed out previously  (14). 

The typical  Zimm plots  obtained are shown in FiDures I-3. 
Upon p lo t t in9  the s ca t t e r i n9  data in the usual manner with a 

TABLE 1 Characteristics of PEO-PSt-PEO Tribtock 
Polymers and Their Parent Potystyrene 

Code of 

Sample 

300 a) 
301 
302 
303 

Structure 

PSt 
PEO-PSt-PEO 
PEO-PS t-PEO 
PEO-PST--PEO 

PEO Content b) 

(mole X ) 

v (mt.9-1) 

Chloroform Toluene Ethyl 
Acetat 

0 
18.7 
51.0 
61.0 

0.168 0.112 0.229 
0.156 0.0975 0.216 
0.133 0.0715 0.189 
0.121 0.0620 0.177 

a) The molecular weiDht and molecular weiDht d i s t r i b u t i o n  of 
the parent homopotystyrene were determined by GPC in THF, 
Mw- 6.92• 104, Mn- 3.57• Mw/Mn- 1.94 

h) Accordin9 to the r e su l t s  of 1H-NMR. 
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pos i t ive  a rb i t ra ry  constant k on the abscissa of the Zimm plot,  
we 9ot somewhat overtappd t ines in some cases, espec ia l ly  when 
ethyl acetate  was employed as solvent.  According to Van Wijk and 
Staverman (15), i t  is des i rable  to use a neoative constant k in 
order to unravel the plots  and to obtain more accurate 
extrapolat ion,  as shown in Figures 2 and 3. 

The t ioht  sca t t e r ing  data were evaluated by u t i l i z i n g  the 
standard procedures for homopotymer so lu t ions ,  

1 + 2 A ~ C  
B - 0  M 

K r  KC~ I 16 ~ 2 
+ 

C- 0 M 3~2 

I 0 
<Ro2> s in2 

M 2 

(I) 

(2) 

where C denotes the concentration,  B the sca t t e r ing  anote, Re 
Rayteioh 's  ra t io ,  and ~ the wavetenoth of t ight  in the medium, 
M the molecular weioht, <R92> the mean square radius of 
gyration, and A2 the second v i r i a t  coe f f i c i en t .  The resu l t s  are 
given in Table 2. In the case of block polymers, however, the 
molecular weight and radius of gyrat ion so obtained are apparent 
vatues. 

The dependence of As values on the solvent  for a homopoty- 
mer or a copotymer is a very 9god guide to the extent  of 
i n t e rac t ion  between solvent and potymer molecules. The catcu- 
tated values of As given in Table 2 show that, for PEO-PSt-PEO 
t r ib lock  polymers, chloroform is a good solvent,  but toluene and 
ethyl acetate  are r e l a t i v e l y  poor solvents .  This conclusion is 
in accordance with s o l u b i l i t y  of the block polymers. 

According to Bushuk and Benoit (16), the real  molecular 
weight of a block or random copotymer (Mw) is re la ted  to the 
apparent molecular weight (Mapp) by the expression, 

Mapp - Mw + 2 P ( v A -  v e ) / v  + Q[ ( V A -  VB)/V]2 (3) 

Where v ,  vA, v s  are the r e f rac t ive  index increments of the 
block potymer, homopotymer A and B, respec t ive ly .  The quanti ty P 
describes the va r i a t ion  in chemical composition as a function of 
molecular weight, whereas Q is a measure of the to ta l  composi- 
t ional  heterogenei ty  in the polymer system. [n pr inc ip le ,  the 
real  weight average molecular weight Mw, and the he terooenei ty  
parameters, P and Q, of a block polymer could be obtained by 
carrying out t ight  sca t t e r ing  measurements in three solvents  
with d i f f e r en t  r e f r ac t ive  index increments and solving three 
simultaneous equations. The values of Mw, F,Q of the FEO-FSt-PEO 
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TABLE 2 A Summary of Lioht Scatterin0 Data 

Samn te 

300 
301 
302 
303 

~x I0 -4 (9~uot) 

Sl $2 $3 

6.67 6.87 5.97 
6.33 8.20 5.39 
I0.0 11.4 5.80 
8.62 13.7 5.71 

A2x 104(cm 3 �9 mot �9 9 -2 ) 

S~ $2 $3 

6.3 5.3 1.3 
7.8 6.3 6.2 
6.5 2.9 2.6 
4.0 1.8 0,8 

<~92>I/2(nm) 

Sl S~ $3 

20.8 18.9 13.6 
15.8 14.8 15.5 
29.5 17.2 16.1 
24.3 10.4 17.6 

* $I= Chloroform; $2= Toluene; $3- Ethyl Acetae 

TABLE 3 Mw, P and Q of PEO-PSt-PEO Triblock Polymers 

Sample 

301 
302 
303 

Mw• 10-4 
(9 '  mot-l) 

-1.9 
-25.5 

-9.9 

P• 10-4 

7.8 
29.9 
13.2 

Qx 10-4 

-6. I 
-21.6 

-7.2 

t r ib tock  polymers are presented in Table 3. Surpr is inoty ,  the 
real  molecular weiohts so ca lcula ted  are unbelievable ne9ative 
values.  I t  is worthy of note that the taroes t  devia t ion  appears 
for the sample with PEO mote content of about 50~ . 

Here, i t  is necessary to reexamine the data in l i t e r a t u r e .  
The r e su l t s  of t ioht  s ca t t e r in9  s tudies  of PSt-PEO-PSt t r ib tock  
polymers in reference (10) are quoted in Table 4. For comparison, 
the number averaoe molecular weiohts have been ca lcula ted  based 
on the composition and the molecular weioht of middle PEO 
se9ment, and l i s t ed  in the las t  column. For sample 1, which has 
lower molecular weioht of PEO seoment, the weioht averaoe 
molecular weioht from t ioh t  s ca t t e r ino  is in 9ood agreement with 
the ca lcula ted  number averaoe motecutar weioht. However, the 
l ioh t  s ca t t e r i n9  s tudies  9ive much tower weioht averaoe 
molecular wei9hts for sample 2--5 than expected. The hi9her the 
Mn of middle PEO segmen6 the bi99er the devia t ion  of t i9ht  
s ca t t e r in9  r e su t t  is .  

I t  is propably reasonable to suppose that  the unre l i ab le  Mw 
data obtained from [i9ht  s ca t t e r in9  for PEO-PSt-PEO or PSt-PEO- 
PSt t r ib lock  polymers did not come from the accumulation of 
experimental er ror  in ca lcu la t ion ,  but from the fact that 
equation (3) did not take into account the conformation of a 
block polymer in so tu t ions  which mi9ht chan9e with the s t ruc ture ,  
composition and molecular weight of the block polymer and the 
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TABLE 4 Data of PSt-PE0-PSt Tribtoek Polymers (I0) 

SampLe 

Number 

PSt 
content 

(Wt ~ ) 

94.1 
94.3 
93.0 
87.9 
92.5 
90.0 
93.1 

Mn of PEO 
segment 

x 10 -4 

0.55 
4.0 
4.0 
4.0 
4.0 
2.0 
2.0 

Mapp x I 0 -5 Mw 
xlO-S x10-5 

~) ~) ~) 
SI S2 $3 

1.2 1.3 1.0 1.45 0.93 
0.4 0.5 0.4 0.62 7.0 
0.4 0.4 0.3 0.23 5.7 
0.4 0.4 0.5 0.36 3.3 
0.4 0.4 0.3 0. d9 5.3 
4.2 3.3 10. I 11.1 2.0 
5.3 2.3 16.7 13.5 1.4 

*)$1 - Benzene ; $2 - Carbon Tetrachtoride ; $3 - Cyciohexane 

solvent used, espec ia l ly  for amphiphilic polymers containing two 
segments with quite d i f f e r en t  so lu t ion  proper t ies .  
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