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Determination of the structure of the organized phase of the block copolymer PEO-PPO-PEO
in aqueous solutions under flow by small-angle neutron scattering
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The organization of Tetronic 988(T908), a star copolymer of polgthylene oxide (PEQ and polypro-
pylene oxidé (PPQ blocks, has been examined. Above critical conditions of temperature and concentration,
the micelles formed by the aggregation of PPO units self-organize into particular structures. While small-angle
neutron scatteringSANS) characterizations performed with static conditions demonstrate the organization of
the medium, the experimental results do not allow us to make a distinction between simple cubic and body-
centered-cubic structures. However, SANS measurements realized under shear produce characteristic diffrac-
tion diagrams. In this paper, an accurate methodology is proposed to identify, without ambiguity, the exact
nature of the organized phase. Applied to our system, indexing of the diffraction pattern spots reveals that the
organization of T908 is of bcc type oriented with tfiel1] direction parallel to the direction of flow, but the
crystals can present any orientation about this direction. The lattice size has been estimated and compared to
previous published results.
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[. INTRODUCTION The expression 08(q) depends on the interaction poten-
tial between the micelleshard spheres, hard spheres plus
Many studies have been performed on copolymer blockstep[5], adhesive spherd$] and so on For diluted solu-
composed of poljoxyethyleng (PEO and polyoxypropy-  tions, in which the micellar correlations are negligible,
lene (PPO in aqueous solution. The system most often stud-S(q)=1. The form factor depends on the model that has
ied is PEO-PPO-PEO, but it is also possible to find results irbeen chosen to describe the micelles. For instance,
the literature regarding the study of copolymer solutions ofMortensen and co-workerd,2,7,§ proposed that the mi-
the type PPO-PEO-PP[1,2] in water or PEO-PPO-PEO in celles consist of a core of PPO with a radRiscontaining a
oil-water mixtured 3,4]. At low temperatures, these copoly- small percentage of PEO. The shell made up of both PEO
mers are water soluble. However, when the temperature iand water was not included in the calculations. etwal.[6]
increased, the solubility of PPO is reduced and the polymerproposed a two-shell model made up of PPO in the core and
aggregate to form micelles. Most of copolymers studied inPEO and water in the corona. This model supposed that all
the literature are linea(Pluronic®. However, in a recent the polymer is micellized. Goldmingt al. [9,10] and Yang
paper, we characterized the structure and the rheologicait al. [11] both proposed a rather similar two-layer model,
properties of aqueous solutions of Tetronic 908®. This comthe main difference being the possibility of presence of water
pound is a four-branched star copolymer comprised of PE®oth in the core and in the shell. Unfortunately, these differ-
and PPO blocks fixed on an aliphatic diamine. ent models cannot explain our results with T908 solutions.
Since the micelle size is smallip to 100 A, the most  For this reason, we have proposed a three-layer model,
efficient techniques for studying the structure of these solushowing an equilibrium state between unimers and micelles.
tions are small-angle x-ray scatterif@AXS) or small-angle  This model perfectly fits the experimental curvé&q)
neutron scatteringSANS). In a neutron scattering experi- [12,13.
ment, the diffused intensityl) is measured according to the  In many cases, when aqueous solutions of PEO-PPO-PEO

module of the wave vectdq) and is defined by are heated, they exhibit a transition resembling that obtained
with sol gel. This is due to the spatial organization of mi-
1(a)=NAp?P(q)S(q), celles and is visible in the evolution of the viscosity that

strongly increase$§12—17. The structure of the organized
where q=(4m/\)sin(@/2). 6 is the scattering angley the  phases depends not only on temperature, concentration, and
wavelength,N is the number density of micelledp? the  solvent, but also on the relative amounts of ethylene oxide
contrast factorP(q) the form factor, and5(q) the structure  and propylene oxide present in the polymer chain.
factor. Several studies using SANS or SAXS techniques, have
been published on the ability of the organized structures to
orientate under shear. There remains, however, considerable
* Author to whom correspondence should be addressed. Email adonfusion concerning the interpretation of these experiments.
dress: jean.peyrelasse@univ-pau.fr Plutonic F127, EQPO;gEOy, can be considered a good

1063-651X/2002/6&4)/0418027)/$20.00 65041802-1 ©2002 The American Physical Society



PERREUR, HABAS, FRANOIS, PEYRELASSE, AND LAPP PHYSICAL REVIEW B5 041802

1 90
Hi CH;CH,—O}—{HC—C -O:I [O—C ;~CH O—-CH;-C. }OH
o{ x éﬂjﬂi y\ / H’éy Hinx 80 -
N-CH;CH~N
/ H;-CH; \ 70+ ©)]
HO{CH;CHZ—O}X—{H(I)—CH,—O:IY [O-CPH—?P}:];{O‘CWCH;]IOH 8 60 "gel-like system”
CH, CH; ®
5 501
FIG. 1. Chemical structure of Tetronic 908 g 40 1 \ wunimers + micelles
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example of this problem. Although it has been studied by = 20l ®
several authors, contradictory information abounds in the lit- 10| unimers
erature. According to Lenaerét al.[18], the micelles could
- 0 T L) L) 1}
not self-organize. Weet al.[19], however, proposed the for- 0 10 40 50

mation of a face-centered-cubic latti¢c). The paper of go(w/w °3A3
Prud’homme, Wu, and Schneidg0] excluded the possibil-

ity of this latter structure. However, their results FIG. 2. Phase diagram of aqueous solutions of Tetronic
did not allow the distinction between a simple culfar)  908.

lattice or a centered cubitbcc organization. The conclu- | ] 1
sions of their study are in agreement with Mortensen's€d the properties of T908 =25000 g mol *). The mean

work [8]. Eiser et al. [21] have studied Plurorfic F108, humbers of EO and PO units per branch are respectively
EO,,PO,EO.,,, which has a structure close to that of =114 andy=21 and it was used without further purification.
F127. The authors concluded that their SAXS results werd\du€ous solutions were prepared at low temperature (
due to a fcc type. Although the bee-fee transitions have not=3 °C) under stirring, using bidistilled water for all rheo-
previously been demonstrated, their existence could explaifpgical experiments and deuterated waterpOD for the

this difference in interpretation. Different types of transition Small-angle neutron scattering studies. All solutions are ex-
have been already described for other systems. For examplei€ssed by weight percentages.

Mortensen 8] showed the complexity of the phase diagram

for P85, EQsPOEO,5, in relation to the temperature and B. Small-angle neutron scattering

the polymer concentration; the organized phases.can be bce, gaNS experiments were performed at the laboratoire
lamellar or hexagonal. = Studies of ~Plurdhic 109, | gon Brillouin, CEA de SaclayFrance on the PAXY spec-
EO,7PO;0EQ,7, solubilized in ap-xylene-water mixture, ometer. A wavelength of 8 or 6 Awith a resolution of
highlighted the existence of a lamellar struct{i2&] whilst 10% was selected, and an effective distance between the
Zhou, Su, and Ch{i23] demonstrated that a transition fcc- sample and the detector was 3.2 m. This allowed a momen-
hexagonal structure existed. Kieg al. [24], using the same  tym transfer range of 0.1 to 1.2 nrh Data correction al-
polymer in aqueous solution have demonstrated the formagyeq for sample transmission and detector efficiency. The
tion of solid rodlike micelles. Holmqvist, Al_exandndls, and efficiency of the detector was taken into account with the
Lindman[25] observed the presence of cubic, hexagonal andcattering of HO. Absolute intensities were obtained by ref-
lamellar structures  for Plurorﬁ)c' 127 in solution in a  grence to the attenuated direct beam, and the scattering of
p-xylene-water mixture. Alexandridis, Zhou, and KheI6]  ,re solvent was subtracted. Finally, intensities were cor-
showed, with the study of a series of copolymet$2,  rected for a small solute-incoherent contribution. When the
L64, P103, the ability to get, according to temperature andgcattering patterns of the samples were isotropic, the one-
concentration of polymer, cubic, hexagonal or lamellargimensional data set was generated by circular integration of

phases. It is worth noting that other diblock copolymersihe corresponding two-dimension@D) patterns. For static
such as polfoxyethyleng-poly(oxybutyleng [27-29 or  measurements, quartz cells were used with 2 or 1 mm path

poly(ethyleng-poly(dimethylsiloxang [30] exhibit a similar  jength. For the measurements under shear, we used a ther-
behavior as previously detailed for PEO-PPO systems. T@yostated Couette cell with a rotation speed of 0—800 rpm.
sum, a fuller understanding of these systems is required t9ne walls of the cell were made of quartz and the external
explain the discrepancies found between different studies. cylinder was mobile ®=47.24 mm), whilst the internal
The goal of this article is to show that it is possible to cylinder (®=43.43 mm) was fixed. The height of the inner

determine, without ambiguity, the structure of the organized:yjinder was 55 mm. With respect to the cell, the shear rate
phases and to quantitatively determine the lattice paramete(s, ied between 0 and 955%

by the use of the neutron scattering coupled with a flow
technique. lll. RESULTS
Il. EXPERIMENTAL SECTION A. Phase diagram

In a previous papefl2], from viscosimetric measure-
ments, we determined the phase diagram of the aqueous so-

Tetronic® from BASF consists of polgthylene oxidg lution of T908(Fig. 2). This study demonstrated that in zone
PEO, and polfpropylene oxidg PPO blocks joined to an 1, the solution contains only unimers. In zone 2, there is an
aliphatic diamine as shown in Fig. 1. In this paper, we studequilibrium between unimers and micelles, which moves to-

A. Samples
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FIG. 3. Effect of temperature on scattered intensity of a 30%
solution: X, 5°C; [0, 20°C; @, 30 °C; A, 37 °C.

FIG. 4. 2D diffraction diagram of a 40% solution &t

o

wards micelles when the temperature increases. The limit

between zone 1 and zone 2 makes it possible to define, for. B ) | | )

each concentration, the critical micelle temperature. Thesg\(’jer; dbic“i[_zwgdi ' /Oui gx;)der[nﬁnta hFeS“htS g'vﬁzlqt
results were also confirmed by other technigqU&ht scat- — ©1'%2} 2, andqs/d,=d; /ds~ 3. This s ows that the
tering, fluorimetry, SANS The transition between zones 2 structure is cubic. It is not possmle to determine if it is a
and 3 is characterized by the divergence of the viscosityMPI€ OF centered cubic lattice, but we can exclude the for-
above the temperatufg,, which depends on concentration mation of a face-centered-cubic lattice. To investigate the

Measurements by mechanical spectroscopy clearly showe(?f(aCt nature of the network, concentrated solutions of 30%

that this phenomenon is not a sol-gel transition. Indeed, bed"d 40% were studied using SANS under flow by varying

yond the temperatur&,, the solutions, when exposed to the the temperature and the shear rate.
lowest frequencies, exhibited a rheological behavior similar

to that of entangled polymer€l2]. When the temperature C. SANS studies under flow
was increased, the crossover point moved towards the low |n zone 2 of the diagram, there are no observable differ-
frequencies, i.e., long relaxation times. ences between the results from samples under static or shear
conditions. But in zone 3, where the micelles are organized
B. Static SANS studies and form a cubic lattice, the differences are fundamental. The

SANS measurements were taken in the different zones O%D diffraction figures were found to be isotropic for static

the phase diagram. In zone 1, which corresponds to unimers
in solution, thel (q) spectra are flat. In contrast, in zone 2 of
the diagram] (q) reveals a peak whose amplitude increases
with temperaturgFig. 3). This peak corresponds to the for-
mation of micelles and its rise in intensity is the result of an
increase in the volume fraction of micelles. The peaks can be
fitted using a hard-sphere model. With the model that we
developed[12,13, several parameters can be determined
such as the radius of the micelles, their volume fraction, the
fraction of unimers in equilibrium with the micelles, and the
fraction of water contained within the micelles. Figure 3
shows a very good match between the model and experimen-
tal results.

In zone 3 of the phase diagram, Bragg peaks are revealed
thus showing a transition to an organized phase. The 2D
pattern is isotropic, this is equivalent to a crystal powder
diffraction diagram and clearly indicates that the crystals ex-
hibit all possible orientations in spacEig. 4).

The amplitude of the scattering vectqris defined byq
= (4x/\)sin(0/2), whered is the scattering angle andthe
wavelength. Using the Bragg relatiord 2in(#/2)=\, one FIG. 5. 2D diffraction pattern of a 30% solution under shear
can see that the values gfat the successive maxima are (y=371s?!) at T=47°C.
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samples but anisotropic for those under shear. Figure 5 prédoreover, the distancds from theith layers to the equato-

sents results for a sample containing a 30% polymer with aial layer is given by

wavelength 66 A and a shearing rate of 371 sis charac-

teristic (an image editing program was used to eliminate the D Xi

background noise li=
The cubic polycrystals, which were dispersed in a random (LA~

way at rest, oriented themselves in the shearing direction. . . .

However, the isotropic part of the diffraction spectra did notWhere D is the radlus.of the chamber ardthe d'Stange

completely disappear, indicating the presence of crystaIQetWeen t.WO conse_(;utlve F“’des on Ebew]. row. If (I.‘/ A)

with orientations distributed at random. This could be ex-'> much bigger tha af.‘o! if we only consider t_he first lay-

plained by wall-slips phenomenon in the Couette cell. on®'™s the latters are equidistant and have a gagwen by

changing the shear rate, the maximum orientation seemed to D)

be obtained very quickly for shear rate of about 208, fo A= —. 2

changes were detected in the diffraction pattern, even for L

high shear rates up to 950 This shows that for the system . ) .

studied, the shear does not induce nonequilibrium or transi- Our theory is that the monocrystals, which exhibited all

tory structures. It can also be noted that once created, tHeossible orientations in space in a static experiment, now

orientation remains for a long period of time; some orien-ofientate themselves with shearing, in such a way that one

tated samples exhibited the same pattern after a rest of se¢lection of the crystals is perpendicular to the incident
eral hours. This is not Surprising Considering the great Visbeam, but about this dlreCtlon, all orientations are pOSSIble.

cosity of the medium. The result obtained will be identical to that using a mono-
crystal rotated about the same direction.
IV. DISCUSSION In the case of SANS, the diffraction pattern is not re-

corded on a cylinder coaxial to the axis of rotation of the
crystal as used with x-ray but on a plane multidetector. How-
ever, the scattering angles are very small and the distance
1. Nature of the network between the sample and the detector is great enough to as-

. . . —_ . that th ti li ith x- iffracti i
Figure 5 shows that diffraction spots are distributed miS?Sa atthe equations applied with x-ray diffraction remain

some Ye_zrﬂcal and equidistant I_ayers_, as well asin co_ncentrlc The observed layers are vertical and thus the crystals are
circles: it resembles an x-ray diffraction diagram obtained by

) : oriented with a rowfuvw] in a horizontal direction perpen-
the rotating crystal method. Below we describe some fundaaicular to the incident beam. The type of crystalmple
mental results of this method.

A monocrystal with an unspecified position related to anCUbIC or centeredand the particular roduvw] are still to be

incidental beam does not generally give any diffracted ra Sdetermined In order to explain the diffraction pattern.
9 Y9 y YS: The different spots are distributed in concentric circles;

since the Bragg relation is not satisfied. In order to obtain .
complete diffraction fiqure. the crvstal must be turned abouThose that are located on the same circle have the same scat-
P gure, Y ering angle. According to the Bragg relation, this is charac-

a dlrgcuon perpepdmular to the |n0|dental beam. Dur_lng th eristic of diffraction through identicajhkl} planes(same
rotation, each reticular plane having an angle to the inciden )
ki/-

o : . h
flocton (i condiion ocours whenever a reciprocal Iatice. , ACCOrdINg 10 the scale factor, the radius of the three
Jo ecipre circles on the multidetector are respectively 14.9, 21, and
point lies exactly on the Ewald sphérd@he diffraction pat- he radii ional toth X |
tern remains relatively simple to analyze if the axis of rota-25'7 cm. As the radii are proportional gpthey are inversely
proportional to dy,. We get rz/r;=d;/d;=1.72 and

tion remains parallel to a particular rdwww] of the crystal. - = .
It is well known that the diffracted beams are located in therz/rl_d1/d2_1'41' These ratios are very closew® and

equatorial plangthe plane containing the incidental beam
and perpendicular to the crystal rqeww] and on cones of

A. Analysis of the figures of diffraction obtained under flow

This result confirms again the existence of a sc or bcc
: . X . . _structure. The layers are equidistant and thus the approxima-
revolution, around the axis of rotation. All this results in ation (L/\)2>12 must be satisfied. The distance between the

spot diagram. . . = i
In classical experiments, the incident beam is horizontalayers is then given b =DA/L [Eq. (2)], whereD is now
he distance sample-detector.

and the axis of rotation is vertical. The diffracted rays are It is possible to determine the nature of the network and
recorded into a film that is wrapped around a cyIindricaIthe rowp[UUw] around which the crvstals are oriented in a
chamber with the same vertical axis as the axis of rotation, ~ . . . Ty i .

The spots are distributed in horizontal layérgersection of relatlve_ly simple way. If ; is the radius OT the flrst_C|rc_Ie, th_e
cones with the cylinder Each spot is the result of a diffrac- sgatterlng angled, for the spots belonging to this circle is
tion by a reticular planghkl}. Spots from the layer of order given by tang,=r,/D. As the angles are very small, we 0b-
n verify the following equation: tain

= =— an en—=—-—.
ub+vk+wl=n. (1) 2 2dyg 2D A dpg
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FIG. 6. Theoretical figure of diffraction for a bcc system with
the direction[111] in the flow direction: indexation of the spots. -2 -1 0 1 2

FIG. 8. Theoretical diffraction figure for a sc system with the

Under experimental conditions, we measuke=12.1 cm, direction[111] in the flow direction.

thenr,/A=1.23. If the “crystals” are bcc and oriented with

the raw[111] in the direction of the flow then: on the first and the third circles, which is satisfactory.
On the first layer we must have+k+1=2 (for the bcc
L ﬂ: M @ _ 1.7 lattice the sum of the three indices must be gvdime pos-
2 A2 o sible spots ar¢110}, {200 or {211}. The first ong110 and

_ o {200 are detected. The spf211} on the third circle is not
One can notice that the last hypothesis is in perfect agregsisible, but there is a spot with a low intensity located at the
ment with the experimental determination, and this solutionimit of the accessible; domain.

is the only one possible. On the second laydr+k+1=4. Thus, the first spot must
_ o be of type{211}, and is present on the third circle. The above
2. Indexing the spots of diffraction considerations show that it is possible to index all the spots

Since the network is a body-centered-cubic one, the spot§iat appear on the pattern. This indexation is shown in Fig. 6.
located on the first circle are of the tyjj#10}, those of the Itis then possible to predict the angular positions of different
second circle are of the typ00}, and those of the third SPOts. For example, the six spots from the first ring must be
circle of the type{21L. No spots were observed on the separated by four angles of 54.7° and two angles of 70.5°%
fourth circle because of thg domain limitation. this_ is still in perfect agreement with the experimental obser-

The crystals move towards the rd@l1] in the direction  vations. _ _
of the flow. The vertical layer, which represents the sym- Assuming that the hypothesis we have formulated is cor-
metrical axis of the figure of diffraction, correspondsrto e€ct, Figs. 6, 7, and 8 illustrate what should be the theoretical
=0. It must, therefore, contain the spdis-k+1=0 [Eq.  Patterns for the bcc, fce, and sc systems when the crystals

. T YTT Py C orient with the directiorf111] in the direction of flow. Let us
(], i.e.,{110} and{211} or {211}. These spots are visible note that in the cubic lattices, the rojus w] are perpendicu-

lar to the reticular planefuvw}. The reticular plane$l11}
200 -

{550 195 4

190 -
S
< 185 i

180 1

175 A

170 T T T T L} T 1
bt 30 40 50 60 70 80 90 100
4 2-1012 4 Temperature (°C)

FIG. 7. Theoretical diffraction figure for a fcc system with the  FIG. 9. Evolution of the lattice parameter according temperature
direction[111] in the flow direction. for a 30%(A) and a 40% @) solutions.
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are thus parallel to the incident beam and the reflectionsaphy allow us to interpret the diffraction pattern without any
{111} do not exist(see on Figs. 7 and 8, the absence of spotsllusion to twinned structures. Our results are consistent with
on the third layers Hamley's data forEggBo solutions that do not present a
We note that these figures are sufficiently different suchtwinned structure as dt,; B¢ solutions[28]. After orienta-
that one can, without any ambiguity, determine the structuréion of the sample by a large amplitude shearing at high
even if it is only possible to see the first-order diffraction frequency, these authors determine the diffraction pattern for
spots. different angles of rotation around the directiftill]. For
some angles of rotation, the obtained figure is poor but by
3. Lattice parameters superposition of the different patterns, an exact match with

The radiir; of the circles representative of the reflections F19- 6 is obtained. Unlike our system for which the crystals
{110, {200 or {211} are defined byr,=v2\D/a, r, can present all orientations around the principal direction

B B [111], Hamleyet al. obtained an organization that resembles
=2\D/a, ry=\6\D/a. The parameter of the network that of a single crystal. The rotation aroufid 1] brings the

can thus be calculated. Its average value is equal to 183 A - :
. . _ observed110}, {200}, {211}, {220 reflections into the Bra
It is also possible to check these calculations by eval”ataiﬁrac\;in(é cc()id{itiocr%s{ 1. 229 ! ! 99

i[\]g the equidistanca between th? Ier11yer5;3= 1.2'1 thf”“;]d The previous discussion shows that it is rather difficult to
the distance between two nodes in the direclili], which o apish universal conclusions about the behavior of “gels”

is the diagonal O_f the cube, Is given by=DA/A. We obtain ¢ copolymer solutions under flow. According to the system
L=158 A and sincea=2L/v3, we find thata=183 A and g gjieq (changes in viscosity or elastic moduluand the
this is in perfect agreement with previous determlnatlo?s. experimental conditions used, polycrystals that are orientated
Knowing L, one can check that the hypothesis/X)”  randomly at rest, orient themselves under flow. In the case of
> |§2val|dated sincell/\)"=693 and that for the second ¢ ic systems, the ax[411] is often the direction of orien-
layeri“=4. In a previous papgf.2], we have determined the a¢ion under flow. Twinned structures or crystals with all ori-
radiusRn and the volume fractiod> of micelles as a func-  entations around a given direction can be obtained such as
tion of temperature and weight percentage. For instance, fqfas peen observed with T908. It is also possible to find ex-
a 30% solution af =52 °C, (zone 3 of the phase diagram  gmples in which the hypothesis of a more favorable direction
we obtainRy=71.5A and®=0.48. Since the bcc lattice gjlows an interpretation of all the observed spots. However,
has two micelles by mesh, it is possible to reestimate thgome spots predicted by the laws of crystallography remain
lattice size as in absent. This indicates that all crystals have a common direc-
4mR3| 13 tion but some orientations around this common direction are
T m)

a=|2 not present in the sample. This is probably the case of the
3@ systems studied by Eiset al. for which the spot§110} are

. . not detected21,32. It can be noted that such a phenomenon
The calculated valug,=185 A, is in perfect agreement with is often observed for laminated metals.

the previous analysis. Mortensen [1] studied solutions of 25RS,

. .We aIsp performed SANS gxperiments under sta_ltic CONpQ EO, P05, for which he obtained a six-spot pattern
ditions with 40% and 30% weight percentage solutions aCjstributed on a circle, with the observed peaks being sepa-

cording to the temperature. Knowing now that the network is 5 by four angles of 52° and by two angles of 76°. The

bce in zone 3 of the diagram, it is possible to calculate the, o was surprised not to obtain a perfect threefold sym-
lattice parameter by using the position of the first peak. ety and thus described it as resulting from a face-centered-

Figure 9 shows the evolution of the lattice sizes in relation to, ,ic |attice. In this paper, we have seen that the plots due to

the temperature. It reveals that the lattice parameter of thg . (aticular planes of typfl1G for a bee lattice must be

network decreases when the polymer concentration increas%éparated by four angles of 54.7° and by two angles of 70.6°.

and that the network becomes slightly dilated with an in-\; js thys very probable that the solution of 25R8 also crys-
crease in temperature. The dilatation coefficients are 8.4izes in a bee system.

x107* and 1.5<107%°C~?! for 40% and 30% solutions,
respectively.

IV. CONCLUSION

4. Comparisons with results in the literature This paper aimed to demonstrate the exact nature of the

Many authors have explained their diffraction figures byorganized phase, which appeared in a broad zone of the
considering the existence of twinned structures. In the casphase diagram for some copolymers of type PEO-PPO-PEO
of the diblock polymer solutions of polystyrene/polyisoprenein aqueous solutions. We have shown the significance of us-
in decane, McConnel, Lin, and Gd&t1] show that the bcc ing measurements obtained with small-angle neutron scatter-
crystal is twinned with the twinning plane perpendicular toing from samples under flow. The results do not make it
the {110 planes and the twins are oriented at 35.3° withpossible to completely differentiate the type of micellar or-
respect to the shear direction. Similar explanations have beeaganization when the solutions are at rest, however, a correct
suggested by Hamlegt al. [27] for aqueous solutions of analysis of the diffraction pattern from a sample under flow
poly(oxyethyleng-poly(oxybutyleng, E,;Bs. In the case permits the determination of the nature of the sample net-
of the T908 solutions that we studied, the rules of crystallogwork as well as the calculation of lattice parameters. We
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have shown that with our experimental conditions, the T908ng paper, we will show that polymers whose structure is
crystals orient themselves with the directidril] in the di-  close to that of the compound studied here, can organize into
rection of flow, but the crystals can present any orientatiorhexagonal structures.

about this direction. The classical rules of crystallography

allow a rigorous interpretation of the obtained diffraction

pattern. The previous analysis also permits a preview of the ACKNOWLEDGMENT
diffraction patterns obtained even if the polycrystals are ori-
ented in a direction different frorfil11], and can be gener- We thank Dr. R. C. Hiorns for helping us to prepare this

alized to apply to comparable polymer solutions. In a follow-manuscript.
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