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ABSTRACT: Large compound particles formed in water by polyglyciclobly(propylene oxide)polyglycidol,
PG-PPGO-PG, block copolymers are investigated by small-angle neutron scattering. The present PG-based
copolymers differ from the familiar Pluronic copolymers in that the poly(ethylene oxide) blocks of the latter are
substituted by structurally similar blocks of PG bearing a hydroxyl group in each monomer unit. The temperature
and concentration intervals covered in this study were@G°C and 2-33 wt %, respectively. The results

reveal that in the interior of the large particles slightly prolate spherical PPO domains coexist with individual
chains. The latter are not involved in the formation of the PPO domains but mediate interdomain interactions via
hydrogen bonding. The dimensions of the two types of scattering objects as well as the aggregation number of
the PPO domains were determined. The number of the PPO domains per large compound particle was estimated
at different temperatures using earlier light scattering data. At higher concentrations the PPO domains are arranged
in a cubic lattice. Their surface is sharper and more distinct &than at 40°C.

Introduction T H H
Poly(ethylene oxide}poly(propylene oxide}poly(ethylene —H,C—C—0— —Hzc—clz—o— —H,C—C—0—
oxide) (PEG-PPO-PEO) block copolymers (commonly known | | "
under the trade name Pluronic) are polymeric nonionic surfac- H CHs 2
tants that are commercially available in wide ranges of molecular OH
weights and ratios of the constituent blocks. Their self-assembly (a) (b) ©

in aqueous solution has attracted the interest of both academiaFigure 1. Monomer units of (a) poly(ethylene oxide), (b) poly-
and industry. It is generally accepted that above a certain critical (propylene oxide), and (c) linear polyglycidol. '
concentration and temperature, referred to as critical micelli-
zation concentration (cmc) and critical micellization temperature g )
(cmt), respectively, the copolymers self-associate into ag- contrast to PEO, bears a hydroxyl group in each monomer unit.
gregates. These are typically described as spherical objects witH 19uré 1 shows the structural formulas of the monomer units
a core consisting of mainly PPO and a corona of hydrated of PEO, sz?' and PG. The copolymers of the.serles described
swollen PEO chains interacting with water. Upon a further ©/Sewher&2have a middle block of PPO with a common
increase of temperature and/or concentration often a transitiond€gree of polymerization of 34 and ranging from 3 to 70 degrees
from spherical to another, e.g., rodlike, morphology takes place, Of Polymerization of the flanking PG blocks, thus making them
and a variety of ordered phases has been documénied. closest in composition to Pluronic series L6268 and L72-
Practically all known liquid-crystalline phases, such as cubic, F77- The aqueous solution properties of the novel copolythers
hexagonal, lamellar, and bicontinuous, as well as reverse phase&'® N some aspects similar to those of the corresponding
have been reportettl” The proven commercial utility of the ~ Pluronic copolymers; for example, the cmcs increase with
Pluronic copolymers has led to further research to find novel increasing hydrophilic component content or decreasing tem-
copolymer architectures and compositions that would broaden Perature. There are, however, a number of aspects in which the
the surfactant properties and characteristics. As a result-PEO - G-based copolymers (hereinafter LGP copolymers) differ from
PPO as well as PEGPBO (here, PBO denotes poly(butylene their Pluronic analogues. Although still entropy-driven, the
oxide)) copolymers of diblock, reverse triblock, and starlike Process of self-association of the LGP copolymers is somewhat
chain architectures have been commercialized or prepared in€ntropically less favored with a lower enthalpic barrier to
laboratory scales and quantities and extensively investigiid. ~ 29gregation compared to that of the Pluronic copolyriéfhe
To the best of our knowledge, no attempts have been made tomost strlklng, however, are the differences in the.hydrody.namlc
replace PEO with other hydrophilic chains. In recent studies dimensions and aggregation numbers of the particles, which are
the synthesis and aqueous solution properties of a series c)]<:on3|derabl_y larger than those of the familiar Ffluromc mlcéﬂes._
analogues to Pluronic copolymers have been descfitiédn On the basis of the results from light scattering and cryogenic

these copolymers the flanking blocks of PEO were substituted fansmission electron microscopy, a plausible model of the
particle structure has been propogédccording to this model,

_ the LGP nanopatrticles provide a coherent interior consisting of
Corresponding author: Tek 359 2 9792293, Fax 359 28700309, giscontinuous, compact, hydrophobic domains built of PPO,
e-mail rangelov@polymer.bas.bg. hich . . . v . f
t Bulgarian Academy of Sciences. which are dispersed in a considerably less compact medium o
* GKSS Research Centre. PG and water. Two attractive processes are equally involved

by blocks of its structural analogue polyglycidol, PG. PG, in
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Table 1. Abbreviations, Composition, Polyglycidol Content, and
Total Molecular Weight of the Copolymers Used in This Study 0,20

abbreviation composition PG content (wt %) moPwt

LGP63 (GH(POX4(G)s 30 2900 0,154
LGP67 (G)s(POX(G)2s 70 5800 !
LGP68 (G}1(POR4(G)s1 80 9500 010
LGP68t+ (G)ro(PORA(G)ro 84 12400 '

aG and PO denote polyglycidol and poly(propylene oxide) monomer |
units, respectively? Calculated fromtH NMR data (see ref 23). 0,05+

TA(7)

in the particle formation: hydrophobic interactions of the PPO 0,00+
blocks and formation of multiple intra- and interchain hydrogen ———————
bonds involving the hydroxyl groups of the PG moieties. 8 -2 41 0 1 2 3 4 5

Motivated by these results, the aim of the present work was Iog T (.ms) S _
to further extend the study by quantifying the size of the PPO Figure 2. An example of relaxation time distribution from dynamic
domains inside the large compound particles and following light scattering measured at an angle of & an aqueous dispersion

: - o > of LGP68 at 15.4 mg mt! and 40°C.
possible structural changes and disorder to order transitions with
temperature, concentration, and PG content. Small-angle neutron

2
scattering (SANS) was used as a main technique. SANS has 10 : o
made a major impact on the understanding of polymer confor- “age
mations, morphology, rheology, and thermodynarftds.is a 105 ;
well-established method for characterizing the microstructure e %_
of various materials including micellar systef#s?®and, more S . o
specifically, Pluronic copolymers and their aqueous and non- = 103 % o

agueous solution$a14b1627For the present study we have %%b k:;
selected four PGPPG-PG copolymers of a common degree 1074 °°D<%%
of polymerization of the middle block of PPO of 34 and varying %
from 6 to 70 degrees of polymerization of the flanking PG

blocks. In Table 1, the abbreviations, compositions, PG contents, 10° 102 o

and molecular weights of the selected copolymers are presented. ( A'1)

The measurements were carried out in extended concentration q

(from 2 to 33 wt %) and temperature (480 °C) ranges. Figure 3. SANS data for a 2.12 wt % aqueous solution of LGP67 at

15 (open circles), 40 (open squares), and®60(closed squares).

Experimental Section Results and Discussion

Materials and Sample Preparation. The copolymers used in General Remarks. The four copolymers selected for the
;hrg grﬁ?ﬁgﬁﬁ%|\(l)vcekriosy2|thr$§rzsegfZS Oelisefgréfrﬁbsle?eﬁgf}’ present study (Table 1) self-associate in water above a cmc and
y POy g & 4 in dilute limit show a monomodal distribution from dynamic

(G),, where G and PO denote glycidol and propylene oxide, . X L . . .
respectively, and varies from 6 to 70, corresponding to PG content 19Nt scattering, which is preserved in the investigated concen-

from 30 to 84 wt %. The composition, PG content, total copolymer tration and temperature rangésAn example of a relaxation
molecular weight, and the codes of the copolymers are given in time distribution function for LGP68 at 48C is presented in
Table 1. Solutions in BD in the concentration range from 2 to 33  Figure 2. The particle sizes and aggregation numbers, which
wt % were prepared by dilution of stock solutions. The latter were for the present selection of copolymers are in the ranges ca.
prepared gravimetrically by adding,D to preweighted quantity =~ 60—160 nm and 1462080 macromolecules per particle,

of the copolymer and allowed to mix overnight by shaking respectively, were found to decrease with increase of both PG
occasionally. The additional amount of® was added to get . gntent and temperatu?é.

solutions of desired concentrations;@with D purity higher than The samples for SANS were prepared as solutions;d &t

0 ;
99.8% was a product of Aldrich. concentrations covering the range from 2 to 33 wt %. They

Small-Angle Neutron Scattering The SANS experiments were

. ooked transparent to moderately opalescent at room tempera-
performed at the SANS1 instrument at the FRG1 research reactor. . .
at GKSS Research Centre, Geesthacht, Gerriafijie range of ture. Phase separation was observed for some of the solutions

scattering vectors| from 0.005 to 0.26 Al was covered by four of LGP63 at elevated temperatures. Therefore, the results for

sample-to-detector distances (from 0.7 to 9.7 m). The neutron this copolymer are only occasionally presented.
wavelength was 8.1 A, and the wavelength spread of the mechanical Low Concentrated Solutions. General Features of Scat-
velocity selector was 10% (fwhm). The samples were kept in quartz tering Patterns. The SANS data obtained in this concentration
cells (Helma, Germany) with a path length of 2 or 5 mm, depending region are presented in Figures 3 and 4. In particular, Figure 3
on copolymer concentration. The sample transmissions were shows the scattering profiles obtained for the 2.12 wt % solution
invariably higher than 70%, indicating that the effects of multiple of LGP67 at 15, 40, and 68C, whereas Figure 4 presents the
scattering are negligible. For isothermal conditions, a thermostatedeffect of the copolymer composition on the shape of the
Eamkple hoolldefr wa?h ”Se?' T?e rawl spe?Itra v(;/erteh corrected fé)rscattering profiles at different temperatures. The scattering data
ackgrounds trom the solvent, sample Cefl, and other SOurces by, o ¢ it analyzed by slope determination, L&) ~ g~ The

conventional procedures. The two-dimensional isotropic scattering | t diff lculated and ted i
spectra were azimuthally averaged, converted to absolute scale, angloPes at differeny ranges were calculated and presented in

corrected for detector efficiency by dividing by the incoherent 'able 2. At the lowesq range traces of scattering from very
scattering spectrum of pure water, which was measured with a 1large (-100 nm) particles are seen, which is in good agreement
mm path length quartz cell. The smearing induced by the different to the light scattering dat.The latter showed that the size of
instrumental settings was included in the data anafjsis. the particles are dependent on temperature. Therefore, the
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10 and —5.40 x 109 cm~2, respectively) is very small and
can be considered negligible. At 16 (Figure 4a) the scattering
from the solutions of LGP63, LGP67, and LGP68 at intermedi-
ate and highg ranges is similar, and the scattering profiles fall
into a common master curve. The scattering from LGP68
lower at intermediate) range and comparable to that of the
rest of the copolymers at the highestAgain the slopes at the
highestq range are ca. 2 (Table 2), which, as indicated above,
is consistent with the presence of Gaussian chains. In line with
the expectations, no scattering that could be associated with the
presence of PPO domains was observed. Indeed, as shown
elsewheré? the lower critical solution temperature (LCST) of
PPO of molecular weight of 2000 in water is 18. LCST of
several degrees lower is to be expected i®@Dwhich indicates

that at 15°C PPO is below but close to the LCST. At the lowest

g range, however, again traces of scattering from very large
particles are observed. We have shown prevididlyat the
solubility of PG changes in a completely opposite fashion to
that of PPO, that is, decreases with decreasing temperature.
Therefore, this scattering could be related with the presence of
large loose particles resulting from the lowered solubility of
PG and the approximity of PPO to its LCST.

The increase of temperature to 40 and®6Q which are well
above the LCST of PPO, brings about to significant changes in
the scattering profiles (Figure 4b,c). At intermediatecattering
from compact domains is observed. The most noticeable are
the changes of the scattering profile of LGP63 showing a
maximum at intermediatg range and a substantial decrease of
the slope at loweq (Figure 4b). At 60°C the curve of LGP63
is somewhat shifted toward lower scattering with no clear
maximum (Figure 4c), most probably indicating phase separa-
tion. This observation is additionally supported by the incoherent
scattering at loweg. This scattering is directly connected with
the concentration of H in solution, and obviously it is much
lower at 60°C. The peculiar scattering curve at 40 is in line
with this finding. At this temperature the system is seemingly
close to phase separation, and the further increase in temperature
leads to dramatical growth of the PPO domains.

p The scattering profiles of the rest of the copolymers studied

q (A7) keep changing with increasing temperature in that, for example,
Figure 4. Effect of the copolymer composition on the shape of the the slightly pronounced shoulder-like patterngjat (3—5) x
scattering profiles at (a) 15, (b) 40, and (c) 6C. Symbols and 1072 A-1 tend to convert into more pronounced ones as the
concentrations: 2.15 wt % of LGP63 (open squares), 2.12 wt % of temperature increases from 40 to®D(Figure 4b,c). Although
LGP67 (closed squares), 2.15 wt % of LGP68 (open circles), and 2.15 gitferent, the common feature of the scattering curves is that
wt % of LGP68t+ (open triangles). Lo “ w

the intensities of the “shoulders” in the abogerange were

crossings of the scattering intensities at logerlues (Figure ~ found to decrease with increasing PG content.
3) can be associated with size variations and interactions The wholeq range was analyzed using an indirect Fourier
between the large compound particles. In the intermediate transformation (IFT) approach developed by Gl&tén the
window of scattering wavevectors, however, the power law version of Pedersen et #&.The following assumptions were
description conveys no physical meaning. The values in Table made: (i) the trace scattering from large particles was ap-
2 are given to complete the information and for the sake of proximated by the power lag %, and (ii) the studied domains
comparison. However, the increase of the scattering at thewere spherical 3D objects. The best fits were obtained vehen
intermediate q range with increasing temperature can be = 2.8, which, in very good agreement with the light scattering
attributed to formation of domains, presumably composed of data?* can be connected with noncompact structure of large
PPO. It is noteworthy that at the highestrange all curves aggregates. According to Schmfdta value ofa in the range
overlap and exhibit slopes closed to 2 (Table 2), which indicates between 1 and 3 points on mass fractal structure with relation
the presence of thin Gaussian chains that are practically notbetween mass of aggregateand linear sizé asM ~ I°™where
affected by the variations in temperature. Briefly, it seems that Dm is fractal dimension an®m = a. An additional analysis
coexistence of PPO domains and Gaussian chains is observedvas made in thej interval from 0.02 to 0.3 A% that is, the
On theq scale of SANS measurements they may be regardedlowestq interval was excluded and the term of trace scattering
as individual entities inside the large compound patrticles. from large particles was not presented. The two analyses gave
The effects of temperature and copolymer composition are the same parameters, which indicated that the contribution of
presented in Figure 4. It should be noted that the difference in the trace scattering from large aggregates and that from the 3D
the scattering contrasts of the PPO and PG moieti&s96 x domains do not interfere. The parameter obtained from IFT is
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Table 2. Slopes Determined a$(q) ~ g~ * at Different g Ranges for the Low Concentrated Solutions of the Copolymers Studied

system 0.0050.009 0.009-0.03 0.05-0.1 0.+-0.3
LGP63, 2.15 wt %
15°C 1.92+0.01 2.90+ 0.03 0.757 0.001 1.84+0.04
40°C 1.89+ 0.05
60°C
LGP67, 2.12 wt %
15°C 2.67+0.01 2.82+ 0.02 0.87+0.01 1.81+0.04
40°C 1.71+£0.01 1.17+0.02 4.03+ 0.08 1.87+0.04
60°C 1.41+0.03 0.73+0.02 4.8+ 0.2 1.994+0.04
LGP68, 2.15 wt %
15°C 2.36+ 0.06 3.13+0.02 0.91+ 0.02 1.904+ 0.04
40°C 1.83+ 0.06 1.75+0.02 3.9+0.1 1.93+0.03
60°C 1.52+ 0.03 1.08+ 0.02 4.7+ 0.1 1.97+0.03
LGP68t, 2.15 wt %
15°C 4.04+0.04 2.45+ 0.05 0.92+ 0.01 1.684+0.04
40°C 1.82+0.01 1.19+0.02 2.37+0.01 1.72+0.03
60°C ~0.5 0.44+0.04 4.04+ 0.07 1.75+0.04

Table 3. Cross-Sectional Scattering at Zero Anglel(0)), Cross-Sectional Radius of Gyration Rg), Volume (V), and Aggregation Number (Nagg
of the PPO Domains and Number of PPO DomainsNdomains) per Large Compound Particles Formed in Aqueous Solution by the Copolymers

Studied
I(O) Rg (A) \ (A3) Nagg Ndomains

LGP63, 2.15wt %

40°C 80+ 4 103+ 4

60°C 3.774+0.03 47+ 2
LGP67,2.12 wt %

15°C 0.055+ 0.003 12.1+ 05 2108

40°C 4.07+0.07 38.2£0.3 155971 48 69

60°C 7.9+0.2 39.0+ 0.4 302 745 92 10
LGP68, 2.15 wt %

15°C 0.047+ 0.002 11.5: 0.5 2704

40°C 2.774+0.06 42,0+ 0.4 159 338 49 19

60°C 6.2+ 0.1 40.9+ 0.4 356 641 109 3
LGP68t+, 2.15 wt %

15°C 0.091+ 0.002 15.4+ 0.2 6543

40°C 1.85+ 0.03 47.2+ 0.4 133 021 41 24

60°C 4.74+0.07 39.3+0.3 340 822 104

the cross-sectional pair distance distribution functffn). The domains evidenced by asymmetricity of the pair distance

functions for the solution of LGP67 at 40 and BD are plotted distribution function (not shown). Another study aiming to detect
in Figure 5. The shape of the two functions is quite symmetrical, possible shape transitions is in progress and the results will be
implying that the domains are close to spherical. The scattering reported separately.
at zero angle|(0), and cross-sectional radius of gyratidy, The equivalent sphere radius,can be calculated frorRy
were determined from the pair distribution functions. The values as (eq 2).
of the two quantities are collected in Table 3.

Ry is related to the size of the domains and distribution of r=(5/13)"R, )
scattering length density within domains (eq 1).

It is typically about 50 A, which is slightly belowna/2 with

j;Drzp(r) ar|*? Dmax being a maximal diameter input in the IFT model. This
=l—5 1) finding implies that the domains are slightly prolate objects.
j; p(r) dr The data atg > 0.1 A~ were analyzed to estimate the

dimensions of the unassociated copolymer chains in the large

As seen from Table 3, the valuesRfat 15°C are considerably ~ Particles. Regardless of the temperature and copolymer com-
lower than those at elevated temperatures, which can be easilyPosition the average cross-sectional diameter of these structures
rationalized as a consequence of the solvent quality increasewas estimated to ca. 0 A, which is fairly consistent with

for PPO with decreasing temperature. Obviously, at@5mall the size of the individual copolymer chains. These chains are
size domains, predomains, exist. Possibly they serve as nuclenot involved in the formation of the PPO domains; however,
ation centers for formation at elevated temperatures of the PPOthe chains mediate the interdomain interactions as shown in
domains. Considering the lowered solubility of the PG moieties Figure 6. Upon a temperature increase fractions of the individual
at lower temperature®, the composition of the predomains chains driven by the enhancing hydrophobicity of the PPO
might be rather different from that of the domains at elevated Moieties start to self-associate into domains, thus bringing about
temperatures with considerable contribution of PG. to the overall increase in the volume of the latter. _

The increase in temperature from 40 to%Ddoes not affect The aggregation numbeN{gg of the PPO domains, that is,
the size of the domains (exception LGP@8but gives rise to  the number of the PPO chains per domain, can be estimated
an increase i(0) (Table 3), which indicates increasing volume ~ from the volume of the domain/ and the PPO volume/eeg
fraction of the PPO domains. In other words, upon a temperatureunder the assumptions that the domains are built by PPO and
increase more PPO domains are formed. all PPO is in the domains. Her¥,is calculated using eq 3

The value ofRy for LGP68t at 40°C is somewhat erratic. )

The largerRy could be attributed to shape transitions of the 1(0) = ¢pAp"V 3)
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Figure 5. Pair distance distribution functions obtained from the SANS
data of 2.12 wt % solution of LGP67 in ;D at 40 and 6C0C.
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Figure 7. SANS data of LGP67 solutions measured at 40 (a) and

60 °C (b) and concentrations of 2% (filled squares), 10% (empty

squares), 20% (filled triangles), and 33% (empty triangles). Scattering

intensities are normalized #{1 — ¢), whereg is the copolymer volume

fraction.

+++ H bonding

Figure 6. Schematic representation of a part of the interior of a large UPON increasing temperature from 40 to 80 reflects the
compound particle formed by the LGP copolymers in aqueous solution. changes of the solvent quality. It changes in opposite fashions
The wide curved lines represent PG chains, which are interconnectedfor PPO and PG: whereas for the former the solvent quality
with other PG chains by hydrogen bonding (short dotted lines). The \ygrsens. which leads to an increaseNigy, (Table 3), for the
thick curved lines represent PPO chains. o - 9 ' .

latter it gradually improveé® and leads to a decrease in the
aggregation number of the large compound partitiess a
result of the superposition of the two opposite processes,
dramatic changes iNgomainswWere observed (Table 3).

with ¢ being the PPO volume fraction arp the difference
between the scattering length densities of PPO (0.843%°
cm—2123 and DO (6.33 x 109 cm™2), whereasVppois given _ _ _
by the product 3¢po, whereVeo (= 96.3 A%) and 34 are the High Concentrated Solu_nons Measurements as a fl_mctlon
volume of the propylene oxide monomer d#tand the degree of temperature, concentration, and copolymer composition were
of polymerization of the PPO block, respectively. The resulting Performed in the 1633 wt % range. For the sake of clarity the
values are presented in Table 3. scattering data were normalized ¢¢1 — ¢), where¢ is the

The above assumptions, however, are not fulfilled. As volume fraction. In such a way of presentation the scattering
repeatedly shown, scattering from Gaussian chains was observedtensity should depend only on the size and interactions of
in the investigated temperature and concentration ranges andscattering objects and should perfectly overlap if these param-
coexistence of PPO domains and unassociated chains inside th&ters are not affected by concentration. The normalization to
large compound particles was suggested. Strong arguments aré¢(l — ) has been frequently applied to two-phase and
also the increase of with increasing temperature (Table 3) multiphase systentd.It provides more consistent results in a
and the fact that the volume fraction of the PPO domains Wide d range, especially for concentrated samples in contrast
calculated fromR, was invariably lower (by a factor of 3:3 to the normalization t@; t_he latter typ|_cally gives a S|gq|f|cant
7.2 and 1.6-1.8 at 40 and 60C, respectively) than the PPO _decrease of the normalized scattering '|nte_nS|ty._Th_|s can _be
volume fraction taken from the overall stoichiometry. Conse- |nterpreted. as a qecrease of the.domaln size with increasing
quently, we may assume thhitygin Table 3 is overestimated ~ concentration, which is not realistic.
by a similar factor. Last but not least, by combining the light Figure 7 shows the scattering profiles of LGP67 at 40 and
scattering and SANS data, we tried to estimate the number of 60 °C and different concentrations. The rest of the copolymers

PPO domains per large compound partid\ofnaing. Ndomains studied exhibit similar scattering profiles. LGP63 at concen-
was estimated by dividing the aggregation number of the large trations 10 and 20 wt % was found to phase separate. The
compound particles determined by static light scattéfiry scattering curves fully overlap in thg range 0.+0.3 A1

the corrected aggregation number of the domains. The resultingwhich, as discussed above, corresponds to scattering from
values are included in Table 3. The dramatic chang¥sgfains flexible Gaussian chains. At the lowesgkcattering intensities
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significantly decrease with increasing concentration, which can (3) Kinlg, SI M.; Heenan, R. K.; Cloke, V. M.; Washington, Kacro-
; ; moleculesl997, 30, 6215-22.

.be relatgd to mtt_eractlons between the large aggrggates. At (4) Schillen, K.; Brown, W.; Johnsen, Rlacromolecule4994 27, 4825~

intermediatey maxima appeared. As the concentration increased 32.

they became more pronounced, which revealed significant (5) Jorgensen, E. B.; Hvidt, S.; Brown, W.; Schillen,Macromolecules

interactions between the neighboring domains, and were found = 1997 30, 2355-64.

; ; ; (6) Al-saden, A. A.; Whately, T. L.; Florence, A. T. Colloid Interface
to shift to largerq (Figure 7). Beyond the correlation peaks, Sci. 1082 90, 303-9.

thﬁit is, in theq range 0-069-1: the scattering curves at 40 _(7) Aimgren, M.; Brown, W.; Hvidt, SColloid Polym. Sci1995 273
(Figure 7a) do not overlap; instead, the scattering increases with 2—15.

increasing concentration. This indicates the absence of distinct (g) '\B/'O”ens\‘;vng *S(';h%mwr,‘g YLM'Ezjctroan]OIgﬁuIeSchh%rriggMgg_ggés—
interfaces between the domains and the continuous interior of & g W SCNITEN, By FVIEL S5 FhyS. &he 2 96,

the large compound patrticles. Obviously, at’@the formation (10) Bahadur, P.; Pandya, Kangmuir1992 8, 2666-70.
of the domains has not been completed yet; they are flexible (11) Mortensen, K.; Brown, W.; Norden, Bhys. Re. Lett. 1992 68,

i ituation is di 2340-3.
and do not have a sharp interface. The situation is different at (12) (a) Mortensen, KColloids Surf., A2001, 183 277-92. (b) Hamley,

60°C (Figure 7b): _the scattering curves CQmPIEIEW overlap at I. W. Curr. Opin. Colloid Interface Sci200Q 5, 342-50. (c) Eiser,
intermediate and high) (0.06-0.3 A), that is, in the length scale E.; Molino, F.; Porte, G.; Pithon, XRheol. Acta200Q 39, 201-8.
of Gaussian chains and domain interface. We can suggest that _ (d) Mortensen, KMacromoleculesi997 30, 503-7.

at this temperature the domain formation is completed, and the (13) Linse, PMacromoleculed993 26, 4437-49,

. . . . . (14) (a) Mortensen, K.; Brown, W.; Jorgensen,NEacromolecules.995
further increase in concentration leads to increasing number of 28, 1458-63. (b) Mortensen, KPolym. Ad. Technol2001, 12, 2—22.

domains. The position ofmax shifts to largerg values ap- (c) Svenson, B.; Olsson, U.; Alexandridis, Pangmuir 200Q 16,
roximately as ~ ¢3 which is consistent with an 6839-46. . .
P y Gmax Lo - prs - (15) (a) Caragheorgheopol, A.; Pilar, J.; SchlickMacromolecule4997,
arrangement of the domains in cubic symmeéerinterestingly, 30, 2923-33. (b) Senkow, S.: Mehta, S. K.; Douheret, G.; Roux, A.
reasonable agreement between the uncorredigg(Table 3) H.; Roux-Desgranges, ®hys. Chem. Chem. Phy2002, 4, 4472~
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