-A191 257 DISTRIBUTION OF CHAIN ENDS INSIDE THE POLYBUTRDIENE
MICROSPHERES OF SB DI (U)> MASSACHUSETTS INST OF TECH
CANBRIDGE DEPT OF CNENICEL ENGINEE P CHENG ET AL
UNCLRSSIFIED 28 JAN 88 TR-2 NO8814-87-K-8517 F/G 7/6




SR NA AR R LR e M LR LA L L A Y A T W N OO I W Y Y W U DY T Y UV YUY U WY UV T WU W T o vy wuw T
° ) ) VRN

&

L

““_'%g el
L ol

= &

=) T

MICROCOPY RESOLUTION TEST CHART
JANDARDS 96 A

NADONA, BLIRS 2.

e

(N U
":‘"l C.f“ -"d"’




TR TR [T FUE TLEE O LT

‘59 i
3 : SSIFICATION OF THTS PAGE |
-, M~ DOCUMENTATION PAGE ‘
N ECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
! : HIF ¢oel
B Y N 4 N A
AR ‘._ CLASSIFICATION AUTDA ' D 3. DISTRIBUTION/AVAILABILITY OF REPORT 1
" Approved for publi el
o~ Q) scTon oownaaAD pprov . P Lic re-case
A - Distribution is unlimited
o < G ORGANIZATION REDEM®T NUMBER( 5. MONITORING QRGANIZATION REPORT NUMBER(S)
v .al Report No. 2 ‘5\
- i
| Q PERFORMING QRGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATICN
o (If applicable)
ha < ‘t. Chem. Eng ONR
-
>
r:;. (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)
o
N ge, MA 02139 800 N. Quincy St.
: Arlington, VA 22217
‘:a 8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
K ORGANIZATION (f applicable) NOOOL4~87 -K~0517
::} Office of Naval Research -87-K-
N 8c. ADDRESS (City, State, and 2IP Code) 10. SOURCE OF FUNDING NUMBERS
-~ 8 . o PROGRAM PROJECT TASK WORK UNIT
® 00 N. Quincy Street ELEMENT NO. | NO. NO. ACCESSION NO.
& Arlington, Va. 22217 4132001 =02
y_ -
‘_:.r 11. TITLE (Include Security Classification)
I-I
\C Distribution of Chain Ends Inside the Polybutadiene Microsphere of SB Diblock Copolymers
-
b 12. PERSONAL AUTHOR(S)
{ P. Cheng, C.V. Berney, R.E. Cohen
13a. TYPE QF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT
B 2 Technical Report FROM TO January 28, 1988 19
.-Q 16. SUPPLEMENTARY NOTATION '
fﬁ Prepared for publication in Macromolecules
) 7. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number;
"' FIELD GROUP SUB-GROUP Block Copolymers, Polymer Chain Configuration
4
4
Ly

19. ABSTRATT (Continue on reverse if necessary and identify by black number)

Two polystyreneﬁgl;lybutadiene block copolymers were examined in small angle neutron
scattering (SANS) experiments designed to probe the location of the polybutadiene chain
ends inside the polybutadiene microspheres of these specimens. One of the copolymers,
SBm, was phase-matched; the B moiety was synthesized using a suitable mixture of deutero
and normal butadiene monomer. The other copolymer, SBmBd, contained short perdeuterated

-
’}"}) ‘.'tsz.

.,-_'; polybutadiene sequences at the end of the polybutadiene block of each of the molecules.
Consideration of scattering intensities and the form of the scattering pattern exhibited
' by SBmBd indicated that the Bd chain ends are essentially uniformly distributed through-

‘o -

hah

out the volume of the spheres. A model in which the Bd ends cluster at the core of the
spheres failed to reproduce the essential features of the observed SANS pattern.

b

1oy

R

N

T

B 20. DISTRIBUTION/ AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION

s B uncLasSIFIEDUNLIMITED [0 SAME AS RPT. CJ oTIC USERS Unclassified

B4 12a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE {Include Area Code) | 22¢. QFFICE SYMBOL

\

s

e DD FORM 1473, 8aMaR 83 APR edition may be used until exhausted. SECURITY CLASSIFICATION OF THIS PAGE
® All other editions are obsolete.

o

NN A L L L R WL o P u SN R
:t.!'q N C..'! ,':*.'M:: o ::t‘?::.: s..‘l .n.lh.n () n'l,:'l‘:.l !‘\‘ m.t::...l’g'lj.l:n ..:'0;‘;‘.,’9‘“!“‘:‘:’:‘..:“ .’q ..:a.!‘lt‘ ;‘,' XX » .:‘l.:.l !.Q.!.:. "‘.::.:‘:,":.,.::.:.:...‘



= il -

) s e

~

" A WD W W A e

"

-

- - - -
-

'.

OFFICE OF NAVAL RESEARCH
Contract N00014-87-X-0517

R&T Code 4132001---02

TECHNICAL REPORT NO. 2

Distribution of Chain Ends Inside the Polybutadiene

Microspheres of SB Diblock Copolymers
by
P. Cheng, C.V. Berney and R. E. Cohen
Department of Chemical Engineering
Massachusetts Ingtitute of Technology

Cambridge, Massachusetts 02139

Prepared for Publication in

Macromolecules

January 28, 1988

Reproduction in whole or in part is permitted for any purpose of the

U.S. government.

This document has been approved for public release and sale;

its distribution is unlimited.

i Accesion For

NTIS CRA&I
| OTIC TAB
CUnannd oo
|
bdoot f.(:,’,'u"l'l e v a— /
By . .
TR IR\ |

!

Boyana W e

O sg 2 17 029

CO %4~

e o e e i

i

! 1
A AN S N e . L.y P by (X X )
. .. \} % ‘- -'J:'-':S.Ji A .‘..'.n:. ll.'l‘!:.ﬂ‘!.l ‘: !‘:‘!‘I SR, -'0'!”:‘:‘.:‘0‘1"’:‘:’1.":.‘.,;"r'"...l.:“' .0“!:"-:"1' ‘:"‘-l"::":‘




e XY

P
PR N K ey

- - .

P RN

l‘\l

Bny < LG s
5O p"“\ s .l. A .:h *"" '0."' 1y, &,l\"‘\ ‘|" .l""l‘|".0 Q¢|‘ l‘ W, '..l' 'v‘.‘l‘!‘t’ AN l"*”‘\"‘ * 1 “ t AR .):!‘s‘ "‘J ‘-

)

Distribution of Chain Ends Inside the Polybutadiene

Microspheres of SB Diblock Copolymers

P. Chengl!, C.V. Berney and R.E. Cohen*
Department of Chemical Engineering
Massachusetts Institute of Technology

Cambridge, Massachusetts 02139 USA

Abstract

Two polystyrere-polybutadiene block copolymers were examined in small angle
neutron scattering (SANS) experiments designed to probe the location of the
polybutadiene chain ends inside the polybutadiene microspheres of these
specimens. One of the copolymers, SBm, was phase-matched; the B moiety was
synthesized using a suitable mixture of deutero and normal butadiene monomer.
The other copolymer, SBmBd, contained short perdeutevated polybutadiene sequences
at the end of the polybutadiene block of each of the molecules. Consideration of
scattering intensities and the form of the scattering pattern exhibited by SBmBd
indicated that the Bd chain ends are essentially uniformly distributed throughout
the volume of the spheres. A model in which the Bd ends cluster at the core of
the spheres failed to reproduce the essential features of the observed SANS

pattern.

! DuPont Company, Parkersburg, West Virginia 26181
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Introduction

Diblock copolymers of polystyrene (S) and polybutadiene (B) which display a
bulk morphology of B spheres in S matrix have been examined at various levels of
structural detail in our laboratory. Among the important features characterized
in our previous work using small angle neutron scattering (SANS) experiments were
the BCC packing of the microspheres (1), the relationship of sphere size to B
molecular weight (2,3), the nature of the interfacial zones between the B spheres
and the S matrix (2), and the effective radius of gyration of the B chain
segments of the diblock copolymer (4,5). Recently we reported on the
distribution of S homopolymer added to the S matrix of the diblock (6).

In this paper we address the following question: Where are the ends of the
B chain segments located inside the microspheres? Two possible answers to this
question are (a) The ends are essentially uniformly distributed throughout the B
spheres; (b) The polybutadiene chain ends are preferentially clustered toward the
center of each sphere. Figure 1 demonstrates that it should be relatively easy
to discriminate between these two first-order hypotheses if an appropriate pair
of diblock copolymers were available for SANS experiments. The necessary pair of
copolymers is a phase-matched (7) diblock copolymer, SBm, and a triblock
copolymer, SBmBd, in which the first two blocks S and Bm are identical to the
phase-matched diblock and the third, very short endblock, Bd, is a perdeuterated
moiety. In the phase-matched diblock the polybutadiene block, Bm, is a random
copolymer consisting of an isotopic mixture of proteo- and perdeutero-butadiene
repeat units, the ratio of which is carefully selected (7, 8) to exactly match
the neutron scattering length density of polystyrene. This ideal diblock
produces no structural scattering in a SANS experiment as suggested by Figure la.
However, the triblock containing the short perdeuterated endblocks will yield
substantial amounts of structual scattering because the phase-matching is no
longer preserved. The detailed nature of the SANS scattering pattern observed
for SBmBd will depend dramatically upon the spatial distribution of the Bd chain
ends inside the microspheres; thus SANS experiments can be used to determine
whether either Figure 1lb or Figure lc is a reasonable representation of the chain
end distribution in the SBmBd copolymer.

In what follows we describe the synthesis and molecular characterizaticn of
copolymers SBm and SBmBd and the examination cf these copolymers using SANS

experiments and transmission electron microscopy (TEM). Results of small angle
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- X-ray scattering (SAXS) experiments, which are described in detail elsewhere (8),

& are also used to support the main conclusions drawn from SANS and TEM results,

-
a7

P

P AL Sl

A
L §
Ly
\
LA
A5

0
;
q
R
::. o WY ~v\ A VLR LR ' O [ d‘ O P W W 0 L OCaY
» |‘t‘.t'. ‘2‘:‘. W0, “0‘- l‘ ‘:'!' ."l. o, ¢ A 1- ”\' .I. ;' .?'n N l‘ AN :"\c ..i Q L, "\ \' ) " * " .’l > \



ool -
e

-':';l ‘-.,'.-_‘)

AASANO,

©

x
PRl -
v

r
el s
<
Sy
s ]

B
3

H
»

. . o
AP
.
[)

RN | I
v ".J':I'n."l."l “J o

»
Ll

.'»{j

2
P s

PR

e

"\ L gt .

L LS S
R IR R S
ST T R T

PN
L',L" ("-

£

el

»

L] K R
4 %
s ‘Jf})

SHWHX.
ZUtrll:

Experimental
Polvmer Synthesis (8)

High vacuum anoinic polymerization techniques, similar to those reviewed by
Morton and Fetters (9), were employed in the synthesis of the block copolymers.
A three-stage Kontes/Martin silicone o0il diffusion pump facilitated vacuum
conditions in the range of 10" Torr in the primary manifold.

Benzene was stored over fresh, concentrated sulfuric acid (3/1 volume ratio
of benzene/acid) for sevefal months during which time the bottom acid layer
gradually turned dark brown, indicating that some polar impurities had been
oxidized. Acid-treated benzene was washed twice with distilled water,
neutralized by washing with dilute sodium bicarbonate solution followed by two
washings with distilled water, and finally dried over anhydrous magnesium
sulfate. The benzene was further dried by calcium hydride and the addition of a
sodium dispersion. The appearance of silvery flecks of sodium indicated that
the benzene was dry. It was then distilled on the vacuum line into a storage
flask containing poly(styryl) lithium (PS-Li). The retention of the orange-red
color of the polystyryl anion indicated that the solvent contained no impurities
which would terminate living polymer chains.

Styrene was stirred on the wvacuum line with a slurry of ground calcium
hydride for several days with periodic degassing. The styrene was then
distilled into a flask containing 5 ml of dibutylmagnesium (73 wt% in heptane)
and stirred for several hours at room temperature: the solution turned bright
yellow as the result of chain initiation by the dibutylmagnesium. The styrene
was then degassed, vacuum distilled into calibrated ampules and diluted with
benzene. The ampules, equipped with break-seals for attachment to polymerization
reactors, were stored in a freezer. The density for styrene monomer at room-
temperature under its own vapor pressure was determined to be 0.897 g/ml using a
calibrated ampule.

1,3-butadiene was stirred over lithium aluminum hydride (-20°C), degassed,
and distilled onto sec BulLi. After stirring at -10°C for 30 min., the butadiene
was distilled into a flask containing dibutyl magnesium and stored under vacuum
at -20°C in the freezer. Before distilling into the delivery ampule, the monomer

was further purified over sodium mirrors. The density of 1,3-butadiene at -78°C

under its own vapor pressure was measured as 0.705 g/ml.




1,3 butadiene-dé was obtained from two sources, Merck, Sharp & Dohme Ltd.
and Cambridge Isotope Inc. The purification procedure for the perdeuterated
monomer was identical to that of the normal 1,3-butadiene. Halogenated
impurities are removed effectively as lithium salts when reacted with sec-BuLi.
The density of 1,3-butadiene-dé was measured as 0.780 g/ml at -78°C.

Diblocks SBm and SBmBd were synthesized in one reactor (8), the triblock

being formed by extending a portion of the living SBm diblock with a third block

of perdeuterated butadiene. The mixed ("m") block contained 83% normal
polybutadiene (8). Secondary butyllithium initiator was titrated using
techniques developed by Gilman and Cartledge (10). Polystyrene synthesis

proceeded at room temperature in benzene for 8 hours; polybutadiene blocks were
produced over 24 hour periods. The 1living polymers were terminated at
appropriate stages of the synthesis with degassed methanol yielding approximately
1.9 grams of the polystyrene block, 4.6 grams of SBm and 17.1 grams of SBmBd.

Total yield for the synthesis was greater than 99%.

Molecular Characterization (8)

Homopolymers and diblock copolymers were characterized using size exclusion
chromatography, ultraviolet absorption, proton/carbon 13 NMR experiments, and
considerations of the overall stoichiometry of the reaction. The waters GPCII
apparatus was calibrated with 9 polystyrene standards and 2 polybutadiene
standards obtained from American Polymer Standards Corp. Calibration of the
Perkin Elmer 3B UV/VIS spectrophotometer at 262nm was accomplished using four
carefully prepared solutions of polystyrene in 1,4 dioxane; at this wavelength
there is no contribution to the UV absorption from polybutadiene, so the styrene
content of SB block copolymers is readily obtained. NMR experiments (Bruker
WM250) also provided information on the copolymer compositioas and on the

polybutadiene microstructures (8).
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"': Table 1 Molecular Characterization of Polymers
;'.:'
' Sample MR (S) M(Bm) M(Bd) Bm Microstructure () Bd
N gta) 83.4 .- - -- - -
o SBm 83.4 10.1¢H .. --/--/10 .-
.'v. SBmBd 83.4 10.1 1.2¢e) --/--/10 S1/44/5
\
ﬁﬂ
‘ '-: (a) Polystyrene block of the copolymers
rt.; (b) Kg/mole; Mw/Mn <1.1
BN
Ry (¢) cis 1,4/trans 1,4/vinyl
- (d) Random copolymer; degree of polymerization 183 (152 B and 31 Bd)
-:-? (e) Degree of polymerization 20
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iy Morphological Characterization

~

") Transmission electron micrographs were obtained on a Phillips 300 electron
- microscope operated at 80 kV and calibrated against a diffraction grating with
& . . . . . .

¢ 54,864 lines per inch. Samp.es were stained in a 1 wt% osmium tetroxide aqueous
. solution, and cut into sections ~300 A thick using a LKB ultramicrotome fitted
+

with a freshly prepared glass knife.

Small-angle neutron scattering was performed at the National Bureau of
Standards SANS spectrometer, The alignment, calibration, and transmission
measurement was performed with the assistance of Dr. Charles C. Han; the NBS
instrumentation has been described in detail in the literature(ll,12). The
important characteristics of the SANS instruments as used in this work are:
wavelength A=6A, AMA/A=0.25, sample to detector distance 3.6m. Silica and a

PS/PSd 50/50 blend were used as standards in the calibration procedures (8).

Specimen Preparation

Polymer films were cast on a mylar film in an aluminum cup from a 5 wt%
solution in toluene; solutions were passed through a Millipore Millex-SR 0.5 um
filter prior to casting. During the first 2uhrs of the Tilm Torming period at
60°, nitrogen was purged through the cup at a flow rate of 0.1 - 0.2 standard
fe3/hr. A subsequent 10 hour drying period at 75°C employed the same nitrogen
flow rate.

Films were cut into 1.5 cm x 1.5 cm square pieces with a thickness of . 0.3

mm . An additional drying process under vacuum employed a heating program
starting at room temperature and progressing at a rate of 20° - 30°C per day up
to 120°C. Then, the films were cooled, cleaned with methanol, stacked between

two glass plates held together by a small binder clip, and transferred into the
vacuum oven at 120°C. No appreciable compression of the film stack was observed
during this 10 minute heating process. Final film thickness was about 2mm.
Before neutron scattering, all the samples were simultaneously heated without the

binder clip to 120°C in vacuum overnight and cooled down at a rate of 10°C/hr.

Results
Transmission electron micrographs of SBm and SBmBd are shown in Figures 2a
and 2b respectively. Spheres of polybutadiene in a polystyrene matrix are

revealed in both photographs. In both cases the sphere diameter is somewhat less
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:}j Results of SANS experiments on SBm and SBmBd appear in Figures 3a and 3b

"“ respectively. Unlike the micrographs of Figure 2 which are essentially
s, indistinguishable, the SANS patterns for these two samples are strikingly

A

j;ﬁ different. For SBm the intensity of scattered neutrons is very close to zero

;”i: over the entire range of Q (=4msin®/A) covered by the experiment. Intensities

. 5-'

4*§ for SBmBd are orders of magnitude larger over the same Q range and significant
\

o features are seen in the scattering pattern; a large peak appears near Q = 0.02
-ﬁ} and a pronounced shoulder appears in the Q range immediately above the peak.
ig Results of SAXS experiments presented elsewhere(8), covering the same Q-range,

;'“' show exactly the same features seen in SANS (a pronounced peak at the same

L_\ location as the SANS main peak followed by a higher Q shoulder on this peak); in
nii addition a broad rolling maximum is seen in the SAXS pattern near Q=0.06.
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Discussion

Wwe first note that the synthesis of SBm was successful in producing the
desired phase-matched (7) result shown schematically in Figure la. The
featureless scattering pattern with essentially zero intensity (Figure 3a)

provides unequivocal evidence that the structural scattering has been eliminated

PR R A B Tt

by matching the neutron scattering length densities of the two moieties of the
\ SBm diblock. When the short Bd endblocks are added, thereby producing SBmBd, the
structural scattering reappears dramatically (Figure3b). It is now our task to
determine whether or not this re-emergent scattering can be used to discriminate
between the two extreme cases for Bd chain end distribution mentioned earlier and
shown schematically in Figures 1b and lc; i.e. we hope to determine from cthe
information contained in Figure 3b whether the Bd chain ends distribute

themselves wuniformly throughout the polybutadiene spheres or cluster near the

ROAPEMI] - Satraa e

centers of the spheres.

-

A first consideration of Figure 3b involves the magnitude of the intensity

exhibited by the large peak near Q=0.02. This peak intensity reflects the

Mot ef iy

magnitule of the difference in scattering length density between the polystyrene
L matrix and the polybutadiene spheres, When this difference is zero the peak
( intensity is zero as seen in Figure 3a and in our earlier studies (4,5) of
: composition matched (7) mixtures of two diblocks. Koberstein (7) and Jahshan and
Summerfield (13) have developed nearly equivalent expressions which allow for a
calculation of the variation of the SANS contrast factor (and therefore
scattering intensity) with mole fraction of deuterated repeat units in the

polybutadiene regions of an SB diblock, assuming that these deuterated units are

uniformly distributed within polybutadiene regions. The solid curve of Figure 4

shows this expected variation of intensity with mole fraction of deuterated B

o0

units in a SB block copolymer system. Intensity drops with added deutero-B units

until contrast matching is achieved near 16 mole percent. The intensity is

expected to rise with further addition of deuterated B units beyond the point of

3 contrast matching because the scattering length density of the spheres now

exceeds that of the polystyrene matrix. The three data points shown in Figure 4
correspond to the normalized scattering intensities (integrated between Q=0.012

and 0.032 A"!) for three samples: a normal SB diblock (8) wich spherical B

8T AL

microdomains for which I =1.0; phase matched diblock SB_ , Iy=0; and SBmBd,

I,=0.3. Note that sample SBmBd contains about 25% deutero-polybutadiene repeat
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units, 163% from the Bm moiety and another 9% from the Bd endblocks, The
essentially perfect agreement between the cbserved normalized peak intensity for
SBmBd and that expected on the basis of uniform distribution of deuterated
segments in the polybutadiene spheres is strong support for the hyvpothesis
(Figure 1lb) of essentially uniform distribution of Bd chain ends in the
polvbutadiene sphere of SBmBd.

This tentative conclusion is supported by the results of modelling of the
form of the scattering pattern exhibited by SBmBd. Previous papers from our
laboratorv (6) and elsewhere (14) have shown decisively that scattering from
block copolymers of spherical morphology can be modelled by an appropriate
combination of a Percus-Yevick (15) interparticle interference function and a
Bessel function intraparticle form factor. Because the magnitude and
distribution of center-to-center distances among spheres do not change when
considering either Figure 1lb or lc, the parameters of the interparticle
interference function cannot be expected to discriminate between these two cases.
On the other hand, the key parameter of the intraparticle form factor, the
effective polybutadiene sphere radius, changes dramatically from Figure 1t to lc.
For Figure 1b, representing uniformly distributed ends, the appropriate value of
the radius of the scattering spheres is the overall radius of the polybutadiene
spheres which from TEM (Figure 2b) is known to be about 10C A and from SAXS data
(8) a value of R=92A was determined. In Figure 5, curve b shows the degree to
which the SANS data are described by Percus-Yevick interparticle scattering
combined with an intraparticle form factor based on a value of 92 A for the
sphere radius. The essential characteristics of the SANS data in this region of
Q are described by this model further supporting the earlier conclusion regarding
uniform chain end distribution in the block copolymer spheres. We note further
that SAXS and SANS spectra for the case of uniformly distributed ends should be
similar, as observed (8), since both bulk density (SAXS) and neutron scattering
length (SANS) vary in the same way throughout the sample. However if chain end
clustering occurred, SAXS and SANS spectra would be quite different; the SANS
pattern would be dictated by a contrast profile like that of Figure lc whereas
SAXS would still essentially see a profile like that of Figure 1lb.

It remains to be shown that the SANS scattering pattern expected for the
case of clustered Bd ends (Figure lc) 1is significantly different from
experimental observations. Based on the fact that the Bd segments have about 10%

of the Bm chain length, we take the neutron scattering contrast of ~90% of the
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sphere volume to be matched with polystyrene; the contrast then rises sharply in
the inner 10% of each sphere. The radius of this hypothetical perdeuterated
polybutadiene inner sphere is thus about 45 A. The expected scattering pattern
for this case, modelled using Percus-Yevick parameters as before and an
intraparticle form factor with sphere radius of 45 A, is shown as the solid curve
a in Figure 5. Clearly this model does not reproduce the essential features of
the observed SANS data. Thus the hypothesis of chain ends clustered at the

sphere centers can be rejected.

Summarv and Conclusions

A perfectly phase-matched diblock copolymer SBm was suitably fitted with
short perdeuterated end sections (Bd ends of 10% the chain length of Bm) to form
a triblock copolymer SBmBd. While TEM micrographs of the copolymers SBm and
SBmBd were essentially identical, SANS patterns were remarkably different. The
amount of SANS intensity displayed by the SBmBd was consistent with essentially
uniform distribution of deuterated material throughout the polybutadiene spheres.
The form of the SANS pattern of SBmBd was very similar to that observed in SAXS
experiments; the SANS curve was well described by a Percus Yevick interparticle
interference function and an intraparticle form factor which incorporated the
full polybutadiene sphere radius (ca 92 A). A similar analysis which
incorporated only the inner core of the spheres failed to reproduce the
essential features of the SANS data for SBmBd. From these observations it is
concluded that the Bd ends of SBmBd are essentially uniformly distributed
throughout the polybutadiene spheres and that models which envision the chain

ends as being localized at the sphere cores are incorrect.
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" 3, SANS data for: (a) SBm and (b) SBmBd
o
\; 4. SANS intensity as a function of mole fraction of perdeuterated repeat units
.
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oy perdeuterated material. Solid line: expected behavior based on expressions
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>, 5. Fits of a combined interparticle interference function and an intraparticle
3 form factor to the SBmBd SANS data.Curve a uses 45 A for the radius of the
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