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Nanostructures of polyelectrolyte gel-surfactant complexes in uniaxially stretched networks
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Nanostructures of polgcrylate gel and dodecylpyridinium complexes equlibrated with the NaCl aqueous
solution(from 5 to 100nM) and their time evolution after stretching uniaxially were investigated by means of
time-resolved small-angle x-ray scattering. The scattering profile revealed the existence of the cubic nanostruc-
ture belonging tdPm3n space group in the gel before and long after the stretch. Each of the three intensive
peaks was found to be resolved into two, which suggested the existence of two cubic structures with the
slightly different lattice spacings. On the other hand, the splits of scattering peaks were not observed for the
linear poly(acrylate and dodecylpyridinium complexes. This indicates that the existence of the cross-linked
chain is concerned in the formation of the double structure in the complex system. A series of time-resolved
experiments demonstrated that the peaks corresponding to the longer lattice constant disappeared once just
after stretching and regenerated to grow up, whereas the peaks corresponding to the shorter lattice constant
were continuously observed. The growing rates of the peaks increased with the NaCl concentration. It was also
found that a two-dimensional scattering pattern changed from the Debye-Scherrer ring type into the Laue spot
type with stretching at the lower NaCl concentrations. This indicates that the single-crystal-like domains align
in the stretched network due to the strong electrostatic interaction between the dodecylpyridinium cation and
poly(acrylatg anion.
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[. INTRODUCTION solidlike nature of PSCg, and the slow relaxation of stress
reflects on its liquidlike nature. The mechanical properites of
Ordered structures of soft materials microscopically andhe PSCg could orignate from the ordered structure in the
macroscopically found in the various biological systems suclPSCg. However, the kinetic behavior of the nanostructure in
as lipid bilayers and DNA-protein complexes are mysterioughe deformed PSCg network is still unresolved and fascinat-
but challenging objects to be investigated. The hydrophobiing to reveal.
and ionic entities in the system have important roles in the The PSC are also formed in the precipitates of linear poly-
formation of order. lonic surfactant molecules can be highlyelectrolytes bound by the surfactant i@SCp. Little differ-
condensed in the polyelectrolyte hydrogel and in the aqueousnce between PSCp and PSCg is observed with respect to the
polyelectrolyte solution to make the polyelectrolyte surfac-boundaries between the formation and dissociation of PSC in
tant complexesPSQ, which have recently attracted a great the phase diagram for the salt) and the surfactant con-
deal of attention, not only because of the fascinating physicatentrations[8,9]. It has been revealed that there exists the
mechanism to form the ordered structliie?] but also be- critical salt concentration above which both the PSCg and
cause of the potential application as nanoporous templates &SCp cannot form even though the micelles exist in the so-
inorganic solidq3]. lution [8,9]. This indicates an essential role of the electro-
The ordered nanostructures are also found in the surfacstatic interaction to play in forming the ordered structures in
tant solution at the concentration higher than 40 w/w%, everthe PSC. It has been revealed that the high charge density of
if polyelectrolyte chains are absefat]. It might be consid-  polymer chains and the low cross-linker density are neces-
ered that the roughly equal-sized micelles in the surfactargary conditions for forming the ordered nanostructures in the
solution electrostatically repel with each other to array in anrPSCg[10,11]. The high charge density of chains induces the
ordered manner like colloid crystal§,6]. However, in the highly condensed state of surfactant ions due to the electro-
PSC, the electrostatic repulsive interaction between the mistatic attraction. The low flexibility of chains due to the high
celles might be much shielded by the super-multivalenttross-linker density and/or a star-like structure of crosslinked
counterions of the polyelectrolyte chains. The charged chainshain is not favorable for forming the ordered structure in the
are much condensed by the existence of oppositely chargdlSCg. What is induced in the ordered structures of PSC by
micelles between them. What difference exists between thehanging the interaction between the surfactant ions and
nanostructures in the PSC and the simple solution? polyelectrolyte chains?
The deformation of the PSC in the polyelectrolyte gel We have recently found that the Young’s modulus of
(PSCg produces the large and slow stress relaxatioffs PSCg system at a NaCl concentration lower than [80im
The large stress responding to the deformation reflects on thebout ten times as high as that @=100nM [7]. This
suggests that the shielding effect of salt on the electrostatic
attraction between the chains and the surfactant ions seri-
* Author to whom correspondence should be addressed. Electronusly changes the structures of the PSC. However, much is
address: s-sskscc@mbox.nc.kyushu-u.ac.jp not known about what occurs in the ordered structure with
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reducing the strength of electrostatic interactions by adding & (a) efore stretching () t=1s
simple salt to the PSC. In the present experiments, the defor P
mation effect of the polyelectrolyte chains on the ordered ﬁ-ﬂ . e

nanostructures was examined by the time-resolved small
angle x-ray scattering SAXS) patterns obtained for the
PSCg at various salt concentrations. T®gdependence of
the structures of PSCg and PSCp was also examined to fin
out the difference between them.

IIl. EXPERIMENT

The polyacrylate gels were prepared by the radical co- e
polymerization[12] in the aqueous solution ofM acrylic -‘B %
acid and 0.0M N,N’-methylenebigcrylamide at 60 °C. o h=H
The gel synthesized in the space between two glass plate Y«L
separated by a 1-mm-thick spacer of pdyrafluoroethyl- s | §h=0)
en® sheet was cut into about (20L0)-mn? rectangular i',ih='1
plates and soaked in aML HCI aqueous solution. The gel /4
was rinsed with water thoroughly, dried, and used. A small i D
amount of N NaOH aqueous solution was put on the dry i et e

gel in order to fully ionize it. After homogeneously swelling
the gel, the small amount of abouMMl dodecylpyridinium FIG. 1. Ti ved i ional SAXS i f PSC
chloride aqueous solution, which was the same mole amount H1G- 1. Time-resolved two-dimensiona 'Mmages o

of the carboxyl group in the gel, was put on the gel to soakW|th C,=5mM taken (a) before stretching{b) at t=1 sec, just

after stretchingfc) att=29 sec; andd) t=71sec. The stretching

into. Then the transparent gel became turbid. It took a f.eméiirection is vertical. The broken lines in par{d) indicate the layer

days fgr.the tulrb'd gel to be transparent. The gel was ImTines; diffraction spots ofA(200), B(210), C(211) belong to the
mersg .'r,]to a arge amoufabout 20_ ml of SmM dode- same rings in the reciprocal space, respectivege text
cylpyridinium chloride aqueous solution of a given. For

achieving the equilibration, at which the turbid gels became 1 _ .
transparent, the gel in the solution was kept at 50°C fo-> "M = The 2D-SAXS patterns with an exposure time of

more than a week and at room temperature for one day be'S_OO msec were sequentially obtained for 140 sec with 7 sec

fore the SAXS measurement. The gel size at this stage wdatervals. The gel was stretched at 1 sec before the second
roughly 20< 10X 1 mnrF. exposure. The SAXS measurements were carried out at a

The PSCp was formed with mixing VB sodium poly- ~ f00mM temperature. The elongation ratio of the stretched gel

acrylate (Wako Pure Chemical Industries, Ltcand 0.31 ~ Was about 2. .
dodecylpyridinium chloride solutions. The molecular weight The SAXS measurements of PSCp were camed out at
of polyacrylate was more than 1000000 according to thé2°m temperature with the SAXS apparatus installed at

supplier. The obtained PSCp was similar to a highly viscouBL10C _of Photon Factory at the Institute of Materials Struc-
gum. The gumlike PSCp was immersed into a large amou re ScienceélMSS), High Energy Accelerator Research Or-

(more than 100 times as large as the volume of BS&p ganization(KEK_), Tsukupa, Japan. An_x—ray beam from a
dodecylpyridinium chloride (5 M) and NaCl(a given con- synchrotron. orbital radiatiofD.1488 nm in wavelengjhwas
centration aqueous solution. The gumlike character was held’_sed as a light source of the .SAXS measurement; the mag-
in the solution. For achieving the equilibration, the Pscphitude of qu observed scattering vectpranged from 0.07
was kept in the solution at 80 °C for more than a few daysto. 2.2 nm ..The spectra of the scatter(_ad X ray were ob-
during which the solution outside PSCp was exchanged Witﬁalned by using a one-dimensional position-sensitive detec-
the fresh solution several times. The PSCp was kept at r.

room temperature for one day before the SAXS measure-

ment. All chemicals used were of analytical grade. Double IIl. RESULTS

distilled water was used.

The time-resolved SAXS experiment was carried out with  Figure 1 shows the time-resolved two-dimensional SAXS
the SAXS spectrometer of BLA5XU-ARIKEN beamline }, images at a time before, just after, and long after stretching
installed at Spring-8 of Japan Synchrotron Radiation Rethe gel atC;=5mM. Before the stretchFig. 1(a)], a lot of
search Institute, Hyogo, Japan. An incident x-ray beam fronscattering spots were widely distributed on concentric
the synchrotron orbital radiation was monochromatized tccircles. This indicates that the symmetry axes of domains,
0.1 nm. The scattered x ray was detected by a twoeach of which has a single-crystal-like structure, are ran-
dimensional2D) position-sensitive detectdx-ray image in-  domly oriented in the PSCg. In order to indentify the struc-
tensifier plus charge coupled device CCD, Hamamatsu phdure in the domain, an azimuthal average is taken for Fig.
tonics Itd) located at 2.3 m from the sample; the magnitudel(a). As shown in Fig. 2, five peaks are observed in the
of the observed scattering vector ranged from 0.07 to averaged one-dimensional scattering profile. The relative po-
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211[spotC in Fig. 1(d)] reflections never coexist on a same
scattering plane in the case of diffraction from a single cubic

FIG. 2. Scattering profile of PSCg before stretching Gat crystal. For expla?ning. the 2D scattering pattefRigs. ]((.:)’ .
—5mM. The peaks were indexed assuming a cubic structure witht(d)] after stretching, it could be assumed that one principal
a=8.5 nm. axis of each single crystallike domain, spyaxis, is parallel
to the stretching direction and that the other axes are ran-
C(jomly oriented on the plane perpendicular to it. Looking at
the reciprocal spacén(k,l) under this assumption, the traces
of the reciprocal lattice points of thBm3n cubic crystal
rotating around the axis form concentric circles on the
n%ameh plane. The crossing points of the concentric circles

ture cannot be determined from the present experiment a . )
has been discussed elsewhétd]. The cubic structure is and the Ewald sphere can be observed as diffraction spots.
or example, on the plane &f=2 in the reciprocal space,

supposed to be composed of discontinuous prolate micellé: S . ) .
[15] and/or of bicontinuous surfactant aggregdtes). ﬂswe center point is 200 on_the rotational axis, and the first

It is remarkable that the stretch of the gel annihilates a |0{:|rcle consists of 210, 20—1_‘ Bland 201anq the second one
of spots widely distributed over the ring belts and generate§ioes 2.11' 2]"12]1.' and 21 the center point, and the cross-
the regularly distributed spots on narrower rings as shown i g points of the first and the §econd C!rdes corresport to
Fig. 1. However, the relative peak positions observed in the” ?”dc n I_:|g. .1(d.)’ respectlve]y. In .I'ke manner, we can
one-dimensional scattering profilésot shown obtained by assign all Miller indices of the diffraction spots. in Figd]L
azimuthally averaging the 2D images of Figéb)L-1(d) held This result strongly supports our assumption: the stretched

same ratios as indicated in Table I, suggesting that the strugs_c atCS_=5mM is composed Of. the _mul'qdomams,_ one
ture is still cubic belonging t®m3n. The intensities of the axis of which orients to the stretching direction. An uniaxial

appearing spots increase with time andtaf1sec { is a stretch of a gel network in PSCg induces an alignment of the

; : domains to the stretching direction.

time elapsed after stretchingeach of the spots becomes ) .

definite[Fig. 1(d)] and the regular spot pattern also becomes,. F'gufe 3; S‘TQVSVST the strfe;[ﬁhlngl ;ﬁgcioc?r?m thﬁ _two-
clear. The regular spot pattern suggests the alignments of t mensiona Images of the gel @t= - 1tIs

domains in the PSCg system. However, the spot patterﬂ viously o_lifferent from the images c.’f the Ca@@:_5"."\" .
shown in Fig. 1d) is not the scattering from a large single shown in Fig. 1 that the randomness in the spot distributions

crystal but is the scattering from a number of crystals peover the three concentric circles holds after stretching. The

> Ain Fig. 21 Bin Fiq. assignment of the spots shown in Fig. 3 to Miller index is
cause 20QspotAin Fig. 1(d)], 210[spotBin Fig. Xd)], and impossible. This is different from the caSk=5mM.

It is a common feature in the time-resolved SAXS images
shown in Figs. (b)—1(d) and 3 that the belts over which the
scattering spots are distributed widen wittlapsing after the

Scattering vector / nm”

sitions of the peaks are in good agreement with a cubic stru
ture belonging to thePm3n space group as indicated in
Table I. ThePm3n cubic structure has been reported in the
other PSC systeni4,11]. The details of°Pm3n cubic struc-

TABLE |. Diffraction peaks indexed to thBm3n space group.

Observed Pm3n stretch. Two peaks are distinguishably observed in each spot

No. g/mm ! Rato Order Index Ratio of the 2D scattering images, indicating the existence of two
ordered nanostructures with different lattice constants.

1 1.05 1.00 1 110 1.00(=2/2) The 2D scattering images of the nonstretched PSCg at
2 1.48 141 2 200 1.41(=4/2) C.=5, 50, and 100Ma are averaged over the azimuthal
3 1.67 1.59 3 210 1.58(=5/2) directions to show as the scattering spectra in Fig. 4, which
4 1.83 1.74 4 211 1.73(=/6/2) also shows the scattering spectra of PSCp for comparison.
5 213 2.03 5 220  2.00(=/812) More than one peak, mainly two peaks, are seen at each spot

in the spectra of PSCg, while only one peak is seen at each
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FIG. 4. Scattering spectra of PSQbick lines and PSCgthin
lines) at several salt concentrations before stretching.

spot in the scattering spectra of PSCpG&G=5, 50 and

100mM as shown in Fig. 4. The existence and absence of a
cross-link in the PSC chain might cause the difference be-
tween the spectra mentioned above. It should be mentioned

here that the peak intensities of 110 and 220 of PSCg can be_

observed as very weak spots in the 2D image, although their
averaged intensities are relatively too small to appear as
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peaks in Fig. 4. %
Figure 5 shows th€4 dependence of lattice constands, 3
estimated from the three intensive peak positiang200, & o
9.1- CRE:
J £\ 3
-0-8PC o\ X
9.0-. T spcg ) ,(’1') g ) ——Fr
8.9 o+ SPCp é’ -7 . Sacterri.ng vector (nm'1)
8.8+ ,% =" FIG. 6. Time-resolved spectra averaged over the azimuthal di-
8_7_' L’ A rections of the 2D scattering imagea) C,=100mM, (b) C,
T P /L - =50mM, and(c) Cs=5mM. Thick lines show the scattering pro-
£ 86- e - -1 file just before stretching.
s —--(% L7 .0 0---0
8.5 % aél 210, and 211 reflectionsThe Pm3n cubic assumpti
| P . , ption for
8.4 Z"' o e two lattices in PSCq is rationalized by the consistnalues
1 L1~0 1.~ ’ for the different peak positions. Theevalues of PSCg and
8.3 AN PSCp significantly increase witig in the Cg region higher
8_2' L than 20nM as shown in Fig. 5. It is worthwhile to point out

Cg (mM)

FIG. 5. Salt concentration dependences of lattice constants o
PSCg(open symbolsand PSCp(closed symbols The large and

0 20 40 e 8 100 that the SAXS spectra with loweq resolution than the

present experiment might hide the multiple peaks of PSCg
and theCg dependent of PSCp.
¢ Figure 6 shows the time-resolved spectra, which are av-
eraged over the azimuthal directions of the 2D scattering

small lattice constants of PSCg are represented by the circles adf’@ges of the PSCg a&ls=5, 50, and 100 . The peaks
triangles, respectively. The lattice constants of PSCg evaluated fdforresponding to the cubic structure with a largelisappear

more than ten spots are within the error bars. The lattice constani8 Stretching the gel and reappear with time elapsing after the

of PSCp evaluated from the three peak positions shown in Fig. 4 argtretch. The reappearance times are about 20 s€g=a60
within the symbols. Broken dotted lines are drawn to guide theand 100nM, and are longer than 100 sec@=5mM. The
eyes. peaks for the cubic structure with a smallappear within
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A stretching direction alC;=5mM. This suggests that the

& polyelectrolyte network chains and the long axis of spheroi-
Gs=5mM dal surfactant aggregates tend to align to the stretching di-

A.A-A-AA'A'A'A‘A’A‘A'A’A'A’A‘AA‘A rection. It is plausible that the polyelectrolyte chains tightly

-

wound around the surfactant aggregates align along the
stretching direction. It should be notified that the spots from
the stretched PSCg &t,=100mM shown in Fig. 3 are ran-
,D’DDD‘D\D domly distributed on the Debye-Scherrer rings. The aggre-
. FI DD‘D'DDDD Cs=50mM gates loosely Wognd by ch'ains at the highare not aligned
O OO0opog along the stretching direction.
T . r - r -ttt 1t 1 It has been revealed that the concentrations of dodecylpy-
OO'O‘O»Q ridinium (DP) ion and chains in the PSCg decrease v@th
O‘OO\ ‘ Cs=100m [7]. The increase o, weakens the electrostatic attraction
between the surfactants and the charged chdids which
tends to expand the PSCg because of their entropy force. The
20 40 60 80 100 120 140 Iatt_ice _spacing incrt_eases with the water content in_ PR,
which increases with the decrease of concentrations of the
surfactant molecule and the chain. As a matter of fact, the

FIG. 7. Time profiles of the peak intensities of the 210 reflectionlattice spacing of PSCg increases withas shown in Fig. 5.

from the cubic structure with the small lattice constant. The lattice spacing of PSCp also gradually increases @ith
as shown in Fig. 5. This suggests that the concentrations of
1 sec after stretching or they continuously appear duringhe surfactant ion and the polyelectrolyte chain in PSCp tend
stretching. to decrease witlC.

Figure 7 shows time profiles of the intensities of 210 re- It is interesting that the lattice spacing of PSCqg is signifi-
flection corresponding to the cubic with the small lattice cantly larger than that of PSCp @t higher than 501, as
spacing. In stretching the gel, the peak intensity increases ghown in Fig. 5. This suggests that the chain concentration
Cs=50 and 100rM, but decreases &;=5mM. The peak C, in the PSCg is lower than that in the PS@}, can be
intensity atCs=50mM increases untit=22sec, as in the approximately described as folloW$3]:
case ofCs=5mM, and then decreases, as in the cas€ of
=100mM. The decrease in the intensity is consistent with
the decrease in the scattering volume with stretching. How- Cp~nt"?%, 1)
ever, the decrement of peak intensityCat=5mM, 0.6, can-
not be explained by the reduction of the scattering volume
alone, since the elongation ratio of 2 in the present experiwheren andv, respectively, are an effective segment number
ment leads to the decrement of-1/y2 (~0.3). The in-  of a statistically independent chaia blob and the Flory
creases of the peak intensity@{=50 and 100rm are con-  exponent of the chairC,, generally decreases with since
tradictory to the reduction of scattering volume. Thethe v value is always greater than 118, decreases withy
causality for the discrepancies will be discussed in the folfor a constann. The difference betwee@, in the PSCg and
lowing section. the PSCp suggests that thevalue and/orv value of PSCg

are larger than that or those of PSCp. The difference between
IV. DISCUSSION PSCg and PSCp .should bg e>.<plained by the existence or
absence of cross-linked chains in the PSC. Although the ex-

In this section, the experimental results are interpreted byluded volume effect of segments near the cross link might
taking the NaCl concentrationCf) dependence of the increase thes value, a true mechanism for the cross link to
Young’s modulus of PSCg systd] into consideration. The increase then value and/or thes value cannot be revealed
fact that the Young’s modulus & lower than 50rM is  from the present experiment. At least we can say that the
about ten times as high as that&¢=100mM indicates that cross-linked chains in the PSCg tend to expand when the
the network in the PSCqg at the lo@ is more rigid than that shielding effect of salt weakens the electrostatic condensing
at the highCg. The rigid structures of PSCg are due to theforce for the ionic chains and the surfactants. In the salt-free
network structure of the polyelectrolyte chains tightly woundcondition, the difference between the lattice spacings of
around the surfactant aggregates, since the electrostatic atructures in PSCg and PSCp is so small as has been ob-
traction between the opposite charges is strong at the lowerved in the hexagonal structures of PS€§—4.9 nmand
Cs. The loose pairing of the chains and aggregates at thBSCp(4.6 nm of cetyltrimethylammoniun{CTA) and poly-
high C4 makes the network soft. acrylate(PA) system[22,1§.

In uniaxially stretching the gel network, the mesh of ion-  The existence of two types of chains, the cross-linked and
ized chains expands in the stretching direction and shrinks idangling chains, in the gel network should be taken into
the direction perpendicular to it. The 2D SAXS images ofconsideration in explaining the two cubic structures with dif-
Fig. 1 show that the surfactant aggregates array along thierent lattice constants as shown in Figs. 4 and 5. The dan-

T T T T v T T T v T T T T T

Intensity (arb. unit)

-
R

o4O

t (sec)
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gling and linear chains have free chain ends and their congradual increase of the intensity diffracted from the structure
formations are similar to each other. From this similai@y, ~ with the small lattice spacing as shown in the uppermost
of the dangling chain is inferred to be close to that of thegraph of Fig. 7 Cs=5mM).
linear chain and higher than that of the cross-linked chain. It The growing rates of the peak intensities corresponding to
is plausible that the existence of the dangling chain causethe cubic structure with large lattice spacing increase with
the smaller lattice spacing of PSCg being close to that othe increase i€ as shown in Fig. 6. This indicates that the
PSCp as shown in Fig. 5. The inhomogeneous distribution ofubic structure at higiCg forms faster than that at lo@g,
cross-linked and dangling chains in p@grylate gel over  since the peak intensity is proportional to the domain fraction
the wavelength of light is suggested by the nonergodic propef the corresponding ordered structure. The cross-linked and
erties observed in the light scattering experiméaty. dangling chains in the PSCg deform to lengthen in the
The uniaxial stretch of the gel network makes the conforstretching direction just after stretching the gel network.
mations of the cross-linked and dangling chains more ex©Only the dangling chain can shrink to minimize the confor-
panded along the stretching direction. These conformationahational energy because one of its ends is free to move. The
changes might disturb the ordered structures to change theshrinking process of dangling chains can be observed as the
domain fraction. The ordered structure forming around theelaxation of elastic force of the ggf,21]. The final ordered
cross-linked chain is more flexible than that around the danstructures appear after settling the movement of dangling
gling chain, since the former is supposed to be less conehains. The reappearing peaks corresponding to the structure
densed. The flexible parts are generally more deformativevith the large lattice spacing &,=50 and 100V, as
than the rigid parts. Therefore, the ordered arrays in thehown in Fig. 6, are due to the ordered structures reformed in
cross-linked chain rich domain tend to change or be in disthe cross-linked chain rich domain as explained above. The
order with stretchingC,, in the cross-linked chain rich do- time profiles of the peak intensities for the larger lattice spac-
main slightly increases, which homogenizes the rigidity ofing, as shown in Fig. 6, demonstrate that the settling times of
the PSCg system. The stretch of the gel tends to increase tleeoss-linked chains aC,=50 and 100rv are aboutt
concentrations of surfactant molecule and chain in the cross=100 sec and that the chains@{=5mM are not settled at
linked chain rich domain. The temporal increaseCgfin the  t=120 sec after the stretch. The orders of these times are
cross-linked-chain rich domain leads to the apparent increassomparable to the relaxation times of the excess mdauli
of domain fraction of ordered array with the small lattice
spacing, if the ordered structures are flexible as a whole. A
less constrained structure is more flexible, which is realized V. SUMMARY
by weakening the electrostatic attraction between the chains _
and surfactant molecules. This is observed as the initial in- 1h€ following facts are revealed by the present SAXS
crease of the peak intensity corresponding to the structurB’®asurements of PSC at varidDs: (&) two cubic structures
with the small lattice spacing a£s=50 and 100r¥, as with dlﬁgrent Iattlce. spacings are found in the Pspg, while
shown in Fig. 7. The stretch tends to make the structure§N€ cubic structure is found in the PS@pj, in stretching the
formed by the strong electrostatic attraction between th&€l, one of the principal axes of the cubic structures in PSCg
chains and surfactant molecules be in disorder, since th@t & low salt concentration such @&=5mM align to the
stretched conformations of the chains initially might beStrétching direction(c) the lattice constants of the cubic
somehow different from the chain conformations in the or-Structures in both of the PSCg and PSCp increase @ith
dered structures at the rest state. Therefore, the peak intensf) the lattice constants of the structures in PSCg are signifi-
corresponding to the structure with the small lattice spacing@ntly larger than those in PSCp @t higher than 50ri;
atC,=5mM decreases initially as shown in Fig. 7. (e) the cubic structures with large lattice spacings broken
As the time elapses after stretching, the conformation ofVith the stretching are reconstructed at about 20 seCsat
the dangling chain changes from the extended to the glob=50 and 100W and a time longer than 100 sec @
ulelike form, and the cross-linked chains expand again tg=5mMM; (f) the cubic structures with small lattice spacings
decrease the concentrations of surfactant molecules arffe€ consistently held or reconstructed within 1 sec after
chains in their domains. As a result of decrease of the constretching;(g) in stretching the gel, the domain fractions of
centrations in the cross-linked chain rich domain, the latticecubic structures with small lattice spacings increase€at
spacing there increases. The domain fraction occupied by the 50 and 100V and decrease &s=5mM; (h) with time
structure with the small lattice spacing gradually decrease€lapsing after the stretch, the domain fractions of cubic struc-
and the corresponding peak intensity also decreases. THres with small lattice spacings decreaseCat=50 and
spot diffracted from the structure with the large lattice spac100mM and increase &€s=5mM.
ing gradually appears. The former is seen in the bottom The Cs dependent behavior of PSC can be explained by
graph C<=100mM) of Fig. 7 and the latter in Fig.(&  the shielding effect on the electrostatic attraction between the
(Cs=100mM). In the case of the lowC,, the conforma- ionized chains and micelles. The structures with large lattice
tional change of the dangling chain and the induction of thespacings in PSCg are explained by the existence of cross-
ordered structure are time consuming processes because limked chains in the gel, which is suppose to expand the
the high rigidity of the structur¢7]. This reflects on the collapsed network.
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