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ABSTRACT 

Single chain conformations of center block, polystyrene, of poIy(2-
vinylpyridine-b-styrene-b-2-vinylpyridine)(P S P ) t r i b l o c k 
copolymers of the ABA type in bulk were measured by small angle 
neutron scattering (SANS), while microphase separation structures 
were studied by small angle X-ray Scattering (SAXS) and 
transmission electron microscopy (TEM). From the morphological 
observations, PSP block copolymers have confirmed to have 
alternating lamellar structure both when <|>s=0.33 and <j)s=0.5, where 
<ps is the volume fraction of polystyrene blocks. It was also clarified 
that the chain dimension of center blocks of sample with <|>s=0.33 is 
smaller than that of sample with <|>s=0.5. This result may mean that 
the center blocks have bridge-rich conformation when <|>s=0.33 
while they have loop-rich conformation when (f>s=0.5. 

INTRODUCTION 

Microphase separation structures of block copolymers have been 
extensively studied for AB diblock copolymers both experimentally and 
theoretically. Morphology change with composition of the component blocks 
was believed to obey the Molau's rule which involves spherical, cylindrical 
and alternating lamellar structure for a while1*"3'. However, recently a new 

- 653-

P-217 

Procr:r:dings of the Fifth 1ntemational Symposium 
011 

Advanιr:d Nuclcar Energy Research 

NEUTRONS AS MICROSCOPIC PROsES 

CHAIN CONFORMATIONS OF ABA TRIBLOCK COPOLYMERS 
IN MICROPHASE-SEPARATED STRUCTURES FOR SANS 

。Y.MATSUSHITA， oM. NOMURA， oJ. WATANABE， oY. MOGI， 
。1.NODA and *c. C. HAN 

。Departmentof Applied Chemistry， Nagoya University 
Furo・cho，Chikusa・ku，Nagoya 464・01Japan 

*Materials Science and Engineering Laboratory， 
National Institute of Standards and Technology， 

Gaithersburg， MD 20899， U.S.A. 

ABSTRACT 

Single chain conformations of center block， polystyrene， of poly(2・
vi ny 1 pyri di ne-b-styrene-b-2・vi町 lpyridine)(PS P)t ri b 1 0 ck 
copolymers of the ABA type in bulk were measured by small angle 
neutron scattering (SANS)， whiJe microphasc separation structures 
were studied by small angle X-ray Scattering (SAXS) and 
transmission electron microscopy (TEM). From the morphological 
observations， PSP block copolymers have confirmed to have 
alternating lamellar structure both when中s=0.33andゆs=0.5，where 。sis the volume fraction of polystyrene blocks. It was also cIarified 
that the chain dimension of center blocks of sample withゆs=0.33is 
smaIIer than that of sample with中s=0.5.This result may mean that 
the center blocks have bridge-rich conformation whenゆs=0.33
while they have loop-rich conforma..tion whenゆs=0.5.

INTRODUCTION 

Microphase separation structures of block copolymers have been 
extensively studied for AB diblock copolymers both experimentaIly and 
theoretically. Morphology change with composition of the component blocks 
was believed to obey the Molau's rule which involves spherical， cylindrical 
and alternating lamellar structure for a while1ト3).However， recentIy a new 

653 



morphology called tetrapod structure 4'or ordered bicontinuous double-
diamond (OBDD) structure5''6' has found and reported. 

Recently, chain conformations of block copolymers have measured in 
several works for AB diblock copolymers by SANS7'"9'. Alternating lamellar 
structure was chosen in most of the conformation study because this structure 
is geometrically the simplest one and can be conceived to be a equilibrium 
structure over the others, of which the domain structures are easy to suffer 
from nonequilibrium effects encountered in the domain formation process. In 
this structure, block chain is known to be contracted toward the direction 
parallel to lamellar interface to compensate the elongation along perpendicular 
direction9'. 

Many works are known on the study of the morphology of triblock 
copolymers. Among them, Uchida et al. 1 0 )has found that styrene-isoprene-
styrene triblock copolymers reveal alternating lamellar sturucture if the 
volume ratio of S:1:S is 1:2:1 and Helfand and Wassermann)predicted that the 
lamellar domain spacing of ABA triblock copolymers is almost the same as 
that of diblock copolymers of A-1/2B type theoretically. Recently Quan and 
Koberstein12) measured the chain dimension of polybutadienepart of styrene-
butadiene-styrene triblock copolymers by SANS and found that the overall all 
radius of gyration of the center block is a little larger than that of the 
unperturbed chain 

In this work we have focused on the chain conformations of the center 
blocks of ABA triblock copolymers and have studied the lamellar structure for 
the same reason as described above. The structural feature of this copolymer 
in bulk is that the center block have to choose loop-type conformation or 
bridge-type one, therefore this restriction may affect the microdomain 
structure formation. 

EXPERIMENTAL 

Samples used were polymerized by an anionic polymerization with 
dipotassium salt of a-methylstyrene tetramer as a bifunctional initiator in 
THF. Several PSP polymers with different compositions from S/P=l/1 to 
S/P=l/2 were prepared first to observe the morphological features their 
molecular characteristics were shown in Table I. The number average 
molecular weights of samples were measured by membrane osmometry, the 
apparent molecular weight distributions were estimated by gel-permeation-
chromatography and compositions were determined by pyrolysis-gas 
chromatography as described previously13'. Secondly, deuterium-labeled 
polymers , poly(2-vinylpyridine-styrene-d8-2-vinylpyridine) (PDP) were 
prepared adjusting the chain lengths and composition to those of unlabeled PSP 
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PSP-3 9.5 1.02 0.50 

I'SP-2 10.5 1.03 0.43 

PSP-4 9.2 1.02 0.39 
PSP-5 11.0 1.02 0.33 

Table II 
Molecular Characteristics of Unlabeled 

and Labeled Copolymer Pairs 

Sample Code MnXlO-4 ] Mw/Mn <t>s 

PSP-3 

l'DP-3 

9.5 

10.3 

1.02 

1.02 

0.50 

0.52 

PSP-9 

PDP-2 

18.0 

18.2 

1.02 

1.02 

0.36 

0.34 

for conformational study. Their Table i. 
m o l e c u l a r C h a r a c t e r i s t i c s w e r e Molecular Characteristics of Triblock 
Shown in T a b l e E Copolymers of the ABA Type 

F i l m s f o r morphological sample code MnxuH MW/MT. 
observations and for SANS study 
were cast from dilute solutions of 
THF, which is a common good 
solvent for both components, 
dried under vacuum and then 
annealed at 120c" for 10 days. 
PSP/PDP blend ratios were 
somewhat different among 
samples so as to have 11/89 
mixtures by volume in terms of 
polystyrene, this S/D ratio 
corresponds to the matching ratio 
of scattering length de» sity 
between polystyrene phase and 
poly(2-vinylpyridine) phase. 

Microphase separation structures were observed by transmission electron 
microscopy for osmium tetroxide-stained sample films and by SAXS. Small-
angle X-ray scattering was carried out from two directions, one is the edge-
view where X-ray beam was irradiated parallel to the film surface the other is 
the through view where radiation is going through normal to the film surface. 

SANS experiment were performed by using SANS facility at the National 
Institute of Standards and Technology with a two dimensional position-
sensitive detector"). The wavelengths used was 9A and sample-detector 
distance was 3.5m. The measurement were carried out from through view 
only, and the scattering intensity were averaged circularly since isotoropic 
two-dimensional contour maps were observed for every blend films. 

RESULTS AND DISCUSSION 

Typical microphase separation structures are shown in Figure 1. It is clear 
from these micrographs that both PSP-3 (<|>s=0.50) and PSP-5 (<|>s=0.33) 
reveal alternating lamellar structures. Samples PSP-2 (<j>s=0.42) and PSP-4 
(<J>s=0.37) were also confirmed to have lamellar structures though they were 
not shown here. SAXS diffraction patterns from edge view measurements 
were compared in Figure 2 for four samples. Integral number order peaks 
owing to lamellar structures were shown for all patterns, however, the second 
order peak is missing for PSP-3, while the third order peaks missing for PSP-
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orde r peaks shou ld 

00 (b) 
Figure 1. Transmission electron micrographs for PSP Iriblock 
copolymers. Samples; a) PSP-3, b) PSP-5 

5. These facts can be explained by considering 
the electron density profiles of samples and 
their particle scattering factors. In short, the 
even-number order peaks should disappear if 
the thickness of a S lamel 
equal while the 3n 
disappear if S/P volume ratio is 1/2. these are 
the cases for our samples, PSP-3 and PSP-5, respectively1 S). Figure 3 shows the 
electron micrographs for PSP/PDP blend with different S/P ratio. Again 
lamellar structures were observed for both PSP-3/PDP-3 (<l>s=0.5) and PSP-
9/PDP-2 (<|>s=0.33) as was shown in Figure 1. Here it was checked that basic 
mitrodomain structures were conserved by blending labeled and unlabeled block 
copolymers with almost the same composition and chain lengths. 

Incoherent-subtracted and 
circular-aver aged SANS 
intensities obtained from through 
view measurements for PSP-
3/PDP-3 and PSP-9/PDP-2 are 
plotted against the wave vector in 
Figure 4 and their Guinier plot 
are shown in Figure 5. From the 
slopes of these plots we estimated 
the radius of gyration, Rg,x of 
polystyrene chains along the 
direction parallel to the domain 
interface and those values are 
compared in Table III. In this 
table, Rg,x/Rg,xo values are also 

(a) (b) 
Figure 3. Transmission electron micrographs for PSP/PDP 
blcndsl. Samples; a) PSP-3/PDP-3, b) PSP-9/PDP-2 
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Figure 4. Circular-averaged coherent SANS 
intensities for through view measurements. 

Table UI. 
Tlie Radii of Gyration Rg,x and the Degree of Chain Contraction 

sample code <)> s Rg,x Rg.xO Rg,x/Rg,xu 

PSP-3/PDP-3 

PSP-9/PDP-2 

0.50 

0.36 

29.6±0.3 

29.8±0.9 

36.3 

42.2 

0.82±0.01 

0.71±0.02 

listed, these values express 
the "contraction factor" of 
the block chain along the 
direction parallel to domain 
interface where Rg,xo 
denotes the unperturbed 
radius of gyration reduced to 
one-dimension. Comparing the Rg)x/Rg,xo ratios for PSP-3/PDP-3 and PSP-

9/PDP, the value for the former is larger than the latter beyond experimental 
errors. Even if we consider the difference in molecular weight of polystyrene 
part, this comparison is still meaningful. 

These results lead us the following conclusion. As we mentioned before, 
the center block, polystyrene have to have either loop or bridge conformation 
in microdomain structures. It can safely be assumed that Rg )x for a block with 
loop-type conformation is larger than that with bridge-type conformation if 
they have the same molecular weight. Applying this assumption to our present 
data, we may consider that the center block chains of PSP-9/PDP-2 have 
bridge-type rich conformation than PSP-3/PDP-3. This conformation for PSP-
9/PDP-2, whose P:S:P ratio is 1:1:1, is in accordance with that of B block in 
ABC three component triblock copolymers, since they form three-phase four-
layer lamellar structure when A:B:C=1:1:113). 
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