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Intramolecular and Intermolecular Signatures of Incipient Ordering
in a Multicomponent Polymer Blend
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Neutron scattering experiments were performed on a homogeneous blend of two homopolymers
and a block copolymer, in the vicinity of an ordering transition. The concentration fluctuations of
individual components were examined in separate experiments on contrast matched systems. The
homopolymers exhibit intermolecular aggregation, while the block copolymer exhibits intramolecular
segregation. [S0031-9007(97)04335-4]

PACS numbers: 61.41.+e, 61.12.Ex, 83.70.Hq, 83.80.Es

The relationship between the molecular architecture o$ized and characterized by methods described in Ref. [14].
the components and the final properties of polymer blendSeparate aliquots of anionically polymerized dienes were
is of scientific and technological interest [1]. The funda-saturated with hydrogen and deuterium to give fully
mental challenge lies in predicting the effect of thermo-hydrogenated polyolefinPE, hPP, andhPE-hPP), and
dynamic interactions between the constituent moleculepartially deuterated polyolefind PE,dPP, andiPE-dPP).
on the structure of the blend. This effect is well under-Small-angle neutron scattering experiments on blends of
stood in binary polymer blends [2], and studies of thethese materials were conducted on the NG5 beam line
concentration fluctuations by small-angle neutron scatterat the National Institute of Standards and Technology in
ing (SANS) played an important role [3]. This paper is Gaithersburg, Maryland. The procedure for obtaining the
concerned with the thermodynamic properties of a multi-absolute coherent scattering intensifyg) [¢ = 47 X
component mixture composed of two homopolymers angin(6/2)/A, 6 is the scattering angle, andis the wave-

a block copolymer. The concentration fluctuations of thdength of the incident neutrons], from the raw data is

individual components were examined in separate neudescribed in Ref. [15].

tron scattering measurements on contrast matched sys-The characteristics of the components used in this study
tems. The random phase approximation (RPA) [2,4—6hre summarized in Table I; details will be presented in a
was used to relate the observed scattering to intermolectull paper [16]. A monomer for both PE and PP chains is

lar and intramolecular factors. defined as & unit, the number of monomers per chain,

Mixtures of two homopolymers and a block copolymer N; was determined by light scattering, the volume occu-
are of considerable interest because the amphiphilic ngied by each monomay; is based on measured densities
ture of the block copolymer results in the formation of of the polymers, and scattering lengths of the monomers
modulated phases [7—10]. Microemulsions are obtained; are based on atomic composition. The statistical seg-
at low copolymer concentrations, and ordered phases ament lengthg; which specify the dependence of the radius
obtained at high copolymer concentrations. In this re-of gyration of the chains on molecular weight were esti-
spect, these blends are similar to small molecule mixmated from neutron scattering measurements from binary
tures composed of oil, water, and a surfactant [11]. Théaomopolymer blends and the puldBE-dPP block copoly-
structure of the isotropic phase in small molecule sysmer, using well-established procedures [15,17]. The bi-
tems, in the vicinity of an ordering transition, has beennaryhPE/dPP blend with¢,pe/d.pp = 1.62 exhibited a
examined theoretically [12] and experimentally [13]. Theliquid-liquid phase transition d43 + 3 °C, while the pure
ordering transition is announced by the formation of tran-dPE-dPP block copolymer exhibited an order-disorder
sient, intermolecular aggregates. In this paper we demorphase transition att49 + 2 °C.
strate that the ordering transition in a mixture of two In this paper, we discuss data from two /PE/PE-
homopolymers and a block copolymer is announced byP blends withppg/¢pp = 1.62 and ¢pg.pp = 0.50 (;
both intermolecular and intramolecular signatures. Thes the volume fraction of specieq: blend BH, which
homopolymers form transient intermolecular aggregatess composed ohPE, dPP, andhPE-hPP, and blend BB
The block copolymer chains, on the other hand, remainvhich is composed afiPE, hPP, anddPE-dPP. The two
homogeneously distributed, but exhibit intramolecularblends are identical in composition, except for the fact that
segregation. the labeled species in blend BH is the Péirfopolymer,

Model polyolefins—polyethylene (PE), head-to-headwhile the labeled species in blend BB is tHedk copoly-
polypropylene (PP), and a polyethyleb®ckhead-to- mer. Since the scattering contrast between the hydro-
head polypropylene copolymer (PE-PP)—were synthegenated polyolefins is negligible (see Table I), blend BH
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TABLE |. Parameters used in RPA calculations at 188

Component hPEHPP dPEdPP
parameter hPE dPE hPP dPP hPE hPP dPE dPP
N; 83 83 178 178 36 376 367 376
v;(A?) 179.0 178.8 174.8 174.6 179.0 174.8 178.8 174.6
L(A) 10.79 10.79 8.61 8.61 12.65 10.10 12.65 10.10
bi(A) x 10* —0.498 4.952 —0.498 5.156 —0.498 —0.498 6.327 3.784

enables the study of concentration fluctuations of then reasonable agreement with those measured in binary
PP homopolymer, while blend BB enables the study ofPE/PP blends. For exampley,pg/npp = 1.48 X 1072
the concentration fluctuations of the block copolymer.at 148°C in BH, while SANS data from binarlPE/dPP
Both blends exhibited signatures of an order-to-disordemixtures (not shown) givexupe/npp = 1.24 X 1072
transition at125 = 5 °C that were qualitatively similar to at 148°C.
those seen in the pudPE-dPP block copolymer [16]. The scattering intensity from multicomponent blends
The SANS data from these multicomponent blendswith one labeled species is due to two contributions:
were analyzed using the incompressible, mean-field theg:) connectivity of the monomers in that species and
ory of polymer blends, based on the random phase af2) nonrandom concentration fluctuations of the con-
proximation [2,4-7]. A “component” is defined as a stituent components. In order to study these concentration
chain of identical monomers, and the scattering intenfluctuations, we have to subtract the connectivity contri-
sity from blends comprising: + 1) components is given bution to the scattering intensity. We define an excess
by scattering intensitygx (¢) as follows:

I(q) = BTé(C])B, (1) IEX(q) = I(Q) - Iconn(CI)s (3)

where B is an n dimensional column vector whose 50 [
elementsB; quantify the neutron contrast of component '
i (B; = b;/v; — by/vo) and the subscript zero refers

to hPE, which is common to both blendsS(g) is an

n X n structure factor matrix whose elemetsts describe
correlations between componerit@nd j. For mixtures Tem™)
of two homopolymers and a block copolymer= 3, and

S;; can be expressed as

Sii(q) = fij(dr, Nks vie, L, Xxa v @) (k,l = 0-3),
2

where ¢ is the volume fraction of componeftin the

blend, andyy, is the Flory-Huggins interaction parameter a@™

between componeritand!, based on a reference volume

v which we set equal ta61.5 A3, Details regarding the _

computation of functiong;; are given in Ref. [15]. [ (b)
The scattering profiles from blend BH at selected “r 2

temperatures are shown in Fig. 1(a). At T€7 the : g
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scattering intensity is a monotonic function gf The 0 67|
scattering intensity in the vicinity af = 0.013 A~! rises Lyy(em™)
sharply with decreasing temperature, and a scattering 20|
peak is evident at temperatures below 188 The

solid curves through the data are multicomponent RPA 10
calculations—Egs. (1) and (2)—with the Flory-Huggins
interaction parametely,pe/npp as the only adjustable ) .
parameter. The effect of deuterium substitution pn o 00l 002 005 004 005 006 007

has been taken into account, using independent experi- qAh

m'(ter?ts [15].d'|t tlsbIeVIdent th?t the mdean-fleld ;[jheoryFlG. 1. Temperature dependence of SANS data from blend
with one adjustable parameter provides an adequalg (a) Coherent scattering intensityand (b) excess coherent

description of the data. Further, the parameters used scattering intensityzx versus scattering vectar. The solid
to obtain the match between experiment and theory areurves are theoretical fits.
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where the connectivity contributiohonn(g) is computed  with x,pg/spp @s the only adjustable parameter. We find
from RPA Egs. (1) and (2) with aly;; set to zero, that the agreement between theory and experiment is rea-
sonable, and that the parameter used to obtain these fits
Leonn(q) = BTS(dr, N, vie, Ik, xu = O,v;9)B. (4)  is similar to those in blend BHx(,pe/4pp in BB at 148°C
- is 1.52 X 1072). In Fig. 2(b), we plot the; dependence
In Fig. 1(b) we plotlgx versusg for blend BH. Awell-  of Igx for blend BB. These data show a well-defined
defined peak aiy = 0.013 A~' is evident at 148C, peakaty = 0.014 A~!, which is similar in some respects
indicative of a periodic arrangement of tieP homopoly- to the g dependence ofgx of blend BH [Fig. 1(b)]. A
mer chains with a length scalé/qpe.) Of about80 A, careful comparison of Fig. 2(b) with Fig. 1(b), however,
The length scale of the periodic structure is significantlyreveals an important difference. In blend BB [Fig. 2(b)],
larger than the radius of gyration of the PP molecules/ex arctan approaches zero @s— 0, while in blend BH
which is45 A [= (N;17/6)!/2]. The peak ingx becomes [Fig. 1(b)], /gx is finite asq — 0. We thus see evi-
sharper with decreasing temperature, indicating that theence for purely periodic concentration fluctuations and
periodic structure becomes better defined. However, ththe absence of large length-scale fluctuations in blend BB.
values oflgx at the lowest accessible(0.008 A~!) also ~ With decreasing temperature, these periodic fluctuations
increase substantially with decreasing temperature, indg@row in amplitude, but not in spatial extent; the loca-
cating the increasing presence of large length-scale (greaten of the peak ing space is temperature independent.
than 80 A) concentration fluctuations. We thus see thalhese characteristics have been observed by numerous
the PP homopolymer exhibits intermolecular aggregatioXperimenters in melts nearly monodisperse, pure, block
as the ordering transition is approached. copolymers [18]. They represent signatures of the in-
In Fig. 2(a) we show the dependence af at selected tramolecular segregation of the individual blocks as the

temperatures from blend BB. The solid lines are RPA fitsordering transition is approached [4]. Thedependence
of Igx in blend BB, shown in Fig. 2(b), contains the sig-
nature of intramolecular segregation in a multicomponent
blend.
In the case of scattering from a melt of a single
- molecular species, such as a pure block copolymer,
Igx(g) must necessarily approach zero as— 0 [4].
In multicomponent blends, however, this is not at all
7 necessary. One could envision the formation of a variety
of aggregates of the copolymer chains such as transient
micelles. The fact thakgx is negligibly small at the low
g indicates the absence of all forms of pretransitional,
intermolecular aggregation of the PE-PP chains. Note
B that the scattering intensity from sample BB is finite in
0.07 the limit of ¢ — 0 [Fig. 2(a)]. The true intramolecular
nature of the concentration fluctuations became evident
only after the connectivity contribution was subtracted
2 (b) IAARRRRAAREAARALMAARLMANLAR [Fig. 2(b)]. The availability of the RPA based theory was
. T ] crucial, because the connectivity contribution could be
ge| ] calculated independently, without resorting to data from
iseec| the multicomponent systems.
worc| ] To summarize, we have studied concentration fluctua-
] tions of individual components in a blend of two ho-
] mopolymers and a block copolymer, in the vicinity of an
-' ordering transition. The homopolymers exhibit inter-
] molecular aggregation, while the block copolymer ex-
] hibits intramolecular segregation. The ability of block
] copolymer molecules to undergo conformational changes
and the lack of such effects in small molecule surfactants
is, perhaps, the most important distinction between poly-
meric and small molecule surfactants.
FIG. 2. Temperature dependence of SANS data from blend Financial support, provided by grants from the National
BB. (a) Coherent scattering intensity and (b) excess co- ggjence Foundation DMR-9307098 and DMR-9457950
herent scatterlng |nten5|t&gx versus scatterlng vectqr. The . . .
solid curves are theoretical fits. Inset (b): A schematict© Polytechnic Un_lverS|ty, are gratefully acknowledged.
of the conformational changes of the block copolymer withWe thank the National Institute of Standards and Tech-
temperature. nology [19] for providing access to the NG5 beam line,
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