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Abstract: A series of rod—coil molecules (n—x, where n represents the number of repeating units in a
PPO coil and x the number of phenyl groups in a rod segment) with variation in the molecular length, but
an identical rod to coil volume ratio was synthesized, and their self-assembling behavior was investigated
by using DSC and X-ray scatterings. The molecule with a short rod—coil molecule (16—4) shows a 3-D
tetragonal structure based on a body-centered symmetry of the discrete bundles in addition to a lamellar
structure. This 3-D lattice, on heating, collapses to generate a disordered micellar structure. Remarkably,
the molecules based on longer molecular length (21—5 and 24—6) were observed to self-organize into, on
heating, lamellar, tetagonally perforated lamellar, 2-D hexagonal columnar and finally disordered micellar
structures. Further increase in the molecular length as in the case of 29—7 and 32—8 induces a 3-D
hexagonally perforated lamellar structure as an intermediate structure between the lamellar and tetragonally
perforated lamellar structures. Consequently, these systems demonstrate the ability to regulate the domain
nanostructure, from 2-dimensionally continuous layers, long strips to discrete bundles via periodic perforated

layers by small changes in the molecular length, at an identical rod-to-coil volume fraction.

Introduction

be tuned by careful selection of the type and relative length of

One of the great challenges in supramolecular chemistry is the respective blocks:*¢ Previous publications from our
the development of individual molecular units that are capable !aboratory reported synthesis and structural analysis of rod
of organizing into ordered states through weak intermolecular coil block systems that self-assemble into lamellar, cylindrical,

forces, such as hydrogen bonding, denacceptor interactions,
repulsive interactions, and reversible ligandetal interactions.
Self-assembling molecules, which include liquid-crystaigck
copolymers’* hydrogen bonded complex&&and coordination
polymerg— are widely studied for their great potential as
advanced functional materials. Among synthetic self-organizing
systems, roetcoil molecules are of particular interest because
of the potential of incorporating desirable chemical functionality

and physical properties at nanoscale dimensions as well as many

and discrete nanostructures depending on the relative volume
fraction of the rod segments (FigureT)in addition, we have
demonstrated that the supramolecular structure can be controlled
by varying the number of grafting sites per 5dThe shape
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Figure 1. Schematic representation illustrating the nanostructures formed through self-assembly of rod building blocksail systems. Stiff rod
building blocks have a strong tendency to assembly into a sheetlike organization. With increasing coil volume fraction, however, 2-D sheettilansod d
split successively into 1-D striplike domains and discrete objects, possibly to minimize energy associated with coil stretching.

and size of the aggregation structure have also been reported tdresults and Discussion
have a strong influence on the photophysical properties of the

19 Synthesis.The synthesis of rodcoil molecules consisting
materialst

] ) } of poly(propylene oxide) as a coil segment and aromatic units

We have previously shown that redoil systems with an  connected by methylene ether linkages as a rod building block
elongated rod block self-assemble into discrete bundles orjs outiined in Scheme 1 and start with the preparation of
perforated layers that organize into a 3-D superlaftide. a tosylated poly(propylene oxide) coils with the appropriate
preliminary communication, we also demonstrated that the nymper of propylene oxide repeating uriits.Monophenol
variation of the rod |ength at the constant rod to coil volume terminated or monophenylpheno| terminated p0|y(pr0py|ene
ratio leads to structural inversion from discrete nanostructures oxide)s 1-5 were prepared from the reaction of of the
to continuous rod layer8. These results imply that the length appropriate tosylated poly(propylene oxide) with an excess
of the rod building blocks as well as volume ratio between the amount of hydroquinone or 4:iphenol. Rod-coil molecule
blocks in rod-coil systems has a strong influence on the shape 16—4 was synthesized by etherification bfvith 4-bromethyl-
of the supramolecular structure. The strong tendency of the rod4'-ethoxy biphenyl in the presence of potassium carbonate.
building blocks to be arranged into anisotropic crystalline order Etherification of 2 with an excess of 4;4ibromomethyl
along their axes seems to play a crucial role in the formation of biphenyl and subsequent reaction with 4-hydrokxet#hoxy
controlled supramolecular structures. However, apparent elu-biphenyl produce@1—5. Rod-coil molecule24—6 was obtained
cidation of the architectural influence on the supramolecular by following the same sequence of reactions, i.e., by etherifi-
structure requires the synthesis of the+aoil molecules with cation of3 with an excess of 4,4ibromomethyl biphenyl and
systematic variation in the rod length at the identical rod to subsequent etherification with 4-hydroxi~ethoxy biphenyl.
coil volume ratio. In this context, we have synthesized a series Both 29—7 and32—8 based on the longest chain length in this
of structurally simple rod-coil diblock molecules based on a  series was prepared from the reactior8B@nd9, respectively,
poly(propylene oxide) (PPO) coil with variation in the molecular with an excess of 4,4iphenol and subsequent reaction with
length, but an identical rod to coil volume ratio and investigated 4-bromethyl-4-ethoxy biphenyl.
their self-assembling behavior in the solid state. All of the resulting rod-coil molecules were purified silica

In this article, we describe the synthesis of a series of-rod g€l column chromatography and then prep-HPLC until transition
coil diblock molecules f—x, wheren represents the number ~ temperature and polydispersity index remained constant as
of repeating units in a PPO coil andthe number of phenyl described in the Experimental Section. The+adil molecules _
groups in a rod segment) and their self-assembling behaviorWere characterized by NMR spectroscopy, elemental analysis
characterized by optical polarized microscopy, differential @nd gel permeation chromatography (GPC) and shown to be in
scanning calorimetry and powder X-ray diffraction measure- full agreement with the expected chemical structures. AI_I of
ments. Since the roecoil molecules are all based on identical e rod-coil molecules showed a very narrow molecular weight
rod to coil volume ratio feg = 0.23), the supramolecular distribu_tion with polydispersity index of Iess than 1.06, as
structural variation can mainly be attributed to the variation of determined from GPC (Table 1). A_S con_frrn_wed i NMR
molecular length. With increasing the molecular length at an spectroscopy, the number of repeating units in the coil segment

identical rod to coil volume ratio, the rod building blocks self- determined from the ratio of the benzyl protons of the rod block

assemble into successively discrete bundles, long strips, tet-1© the ethylerte protons of poly(propylene oxide) was |n.good
agreement with the expected value. Therefore, these goill

ragonally perforated layer, hexagonally perforated layer and o
finally conventional layers. Consequently, the key feature of molecules with drfferent ro d Iengths represent to have the same
. . . ; ._rod volume fraction relative to coil segmerif,{ = 0.23).
this system is the ability to generate complicated but systematic _ . .
Structural Investigation. The self-assembling behavior of

structural transformation with simple variation in the molecular . . . . .
length the rod-coil molecules was investigated by means of differential
' scanning calorimetry (DSC), thermal optical polarized micros-
(19) (a) Lee, M.: Kim, J-W. Hwang, |-W.. Kim. Y-R.: Oh. N.-K. Zin, W.- copy and.X-ray scatterings. Flgure 2 presents the DSC heating
C. Adv. Mater. 2001, 13, 1363-1368. (b) Lee, M.; Jeong, Y.-S.; Cho, B.-  and cooling traces of the redtoil molecules. All of the
K.; Oh, N-K.; Zin, W.-C.Chem. Eur. J2002 8, 876-883. molecules show an ordered bulk-state structure that is thermo-

(20) (a) Lee, M.; Cho, B.-K.; Jang, Y.-G.; Zin, W.-G. Am. Chem. So200Q . . . X
122, 7449-7455. (b) Lee, M.; Cho, B.-K.; Ihn, K. J.; Lee, W.-K.; Oh.  dynamically stable, as verified by the heating and cooling DSC

N.-K.; Zin, W.-C. J. Am. Chem. So@001, 123 4647-4648. it i
(21) Cho, B.-K.: Lee, M.. OR, N.-K.- Zin, W.-CJ. Am. Chem. S0€001, 123 scans. The transition temperatures and the corresponqlrng
9677-9678. enthalpy changes determined from DSC heating and cooling
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Scheme 1. Synthesis of Rod-Coil Molecules
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Table 1. Thermal Transitions of Rod—Coil Molecules n—x (data are from heating and cooling scans)?

phase transition (°C) & corresponding enthalpy changes (kJ/mol)

rod-coil molecules coil DP? My/M,© heating cooling
16—4 16.3 1.05 L 84.1(9.3) M:100.7 (3.5) M 105.8 (3.8) i i1 103.5(3.8) M 97.5 (3.5)\66.4 (11.2) L
21-5 21.3 1.05 L 71.6 (8.1) &+ 109.3 (0.6) col 141.2 (4.1) M 165.8 (5.6) i 1159.0 (5.7) M 134.2 (4.0) col 64.1 (0H) L
24—6 24.4 1.03 L 111.0(9.9)t:201.5 (8.2) col 215.0 (3.1) M 234.0 (7.8) i 1225.3 (9.3) M 204.4 (2.5) col 194.4 (Gef) L
29-7 29.4 1.05 L 121.2 (10.7)Hex216.4 (0.9) Let 245.3 (2.9) col col 238.1 (2.0)d:214.8 (0.8) lnex
32—8 32.2 1.06 L 141.3 (10.4)Hex 242.6 (2.2) ket Ltet233.6 (2.5) lnex

aL: lamellar, Met body-centered tetragonal micelle, col: hexagonal columnar, M: random micglieteiragonally perforated lamellarpdi hexagonally
perforated lamellar, i: isotropié.Determined by NMR Data Determined by GPC.

scans are summarized in Table 1. To investigate the detailedconfirmed by wide-angle X-ray diffraction patterns. On melting
supramolecular structures of the recbil molecules, X-ray into the birefringent mesophase, the small-angle X-ray diffrac-
scattering experiments were performed at various temperaturestion pattern as shown in Figure 3b exhibits a number of sharp
The results of small-angle X-ray diffraction measurements, the peaks that can be indexed as a 3-D body centered tetragonal
molecular densities and the calculated molecular lengths aresymmetry with lattice parametess= 9.8 nm andc = 8.9 nm
summarized in Table 2. (c/a = 0.91), whereas the WAXS pattern shows only a broad

As can be observed from Figure 2 and Tabld @5-4 melts halo, indicative of liquidlike order of the rod segments within
into a birefringent liquid crystalline phase that transforms into domains. It is worthy of note that the peak corresponding to
an optically isotropic mesophase at 1) followed by isotropic the 101 and 110 reflections appears to be the most intense in
liquid. The small-angle X-ray diffraction pattern a6—4 in the SAXS pattern, suggesting that the birefringent mesophase
the crystalline phase displays three sharp reflections thatof 16—4 is the 3-D tetragonal structure based on discrete
correspond to a lamellar structure (Figure 3a). The layer spacingbundles. On cooling from the optically isotropic phase, rectan-
appears to be 8.0 nm that is smaller than the calculated moleculagular areas growing in four directions can be observed with a
length, indicating that the rod segments are packed into a tilted final development of mosaic texture on the polarized optical
monolayer lamellar structure. Within the layer, the rod building microscope, characteristics of a tetragonal mesophase exhibited
blocks of the molecule are packed into a rectangular lattice, asby rod—coil systemg9-21

J. AM. CHEM. SOC. = VOL. 126, NO. 11, 2004 3553
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Table 2. Characterization of Rod—Coil Molecules n—x by Small-Angle X-ray Scattering

crystalline phase liquid crystalline phase

hexagonal body-centered micellar

lamellar 3-D hexagonal 3-D tetragonal columnar tetragonal phase

calculated lattice lattice perforation lattice perforation lattice lattice

density molecular  constant constant diameter constant diameter constant constant primary  diameter
molecule  fo®  p(g/em3)®  length (nm)®  dyo (NM) @ (nm) ¢ (nm) d (nm) a(m) c(nm) d(nm dio (M) a(mm) a(m) c(nm) peak (nm)  (d) (hm)
164 0.23 1.056 9.5 8.0 9.8 8.9 6.5 8.0
21-5 0.23 1.057 12.2 8.7 18.4 15.0 12.3 7.5 8.6 6.9 8.5
24-6 0.23 1.062 14.0 9.4 199 16.3 14.0 7.9 8.9 7.4 9.0

29-7 0.23 1.064 17.2 10.3 13.2 189 11.6 206 18.1 154 8.5 9.8
32-8 0.23 1.069 18.8 11.0 16.7 22.6 12.4 247 221 17.4

af,q = rod to coil volume ratio® p = molecular density¢ Calculated molecular lengtl determined from density measurements.

M (001)
o M 25°C
L /\'/h/ i (a)
16-4 (002)
L Mlel \ I (003)
M
L L., col M 1.5 20 25
21-5 I i
L COl Y,
tet
CTI /M
(\ i 2
L L JM @
g | 6 i 2
.g L c
o tet \ \M
col 105 °C
L A Lhex L‘e‘AEOI ©
29-7 /——-————\-—\/—
Lhex Ltet COI
L Lhex tet L I L R L LA R |
32-8 05 10 15 20 25 30 35
_—___—————_—'w
Lhex Llet q(mi1)
T T T T T T T T T Figure 3. Small-angle X-ray diffraction patterns d6—4 measured at
0 50 100 150 200 250 300 different temperature plotted agairgg{= 4= sin 6/1) in (a) the lamellar
Temperature(°C) phase, (b) the bodycentered tetragonal phase and (c) the random micellar
phase.

Figure 2. DSC traces (10C/min) recorded during the heating scan and

the cooling scan by rodcoil moleculesn—x. Both 21—5 and24—6 show multiple phase transitions in the
crystalline state, together with an optically isotropic mesophase
at higher temperature as confirmed by DSC scans (Figure 2).
As confirmed by SAXS scatterings (Figure 5), both the
molecules at ambient temperature self-assemble into a lamellar
structure with lattice constants of 8.7 and 9.4 nmZ+5 and

These results together with optical microscopic observations
indicate that, on heating, the lamellar structure 16—4
transforms into discrete bundles that organize into a 3-D body

centered tetragonal lattice (Figure?8¥1 This indicates that an X ) . .
9 (Fig y 24—6, respectively. The wide-angle X-ray diffraction patterns

abrupt structural change from the sheetlike rod domains (1-D . . ;
lamellar) to discrete bundles (3-D tetragonal) occurs without of these molecules are similar to that appeared in the crystalline
state of 16—4, indicating that the rod building blocks are

passing through any intermediate structures such as 2-dimen- . . - .
. . . . crystallized into a rectangular lattice (Figure 6).
sionally ordered structures and bicontinuous cubic structures.

. . . With increasing temperature, the small-angle X-ray scattering
In the optlcally Isotropic mesopha_se, the SAXS pqttern shows patterns appear to be a number of well-resolved reflections
only a single strong peak atspacing of 6.5 nm (Figure 3c),

indicati ¢ d icell fruch ith a di tor of (Figure 5b), indicating the existence of a highly ordered
Indicative of a random micefiar structure with a diameter o nanoscopic structure. These reflections can be indexed as a 3-D
8.0 nm. These results indicate that, on further heating,

. . . i the body centered tetragonal structure with lattice parameters
3-dimensional lattice of the rod-bundles collapses into a ;g 4 nm.c = 15.0 nm for21—5 anda = 19.9 nm.c = 16.3 nm

disordered micellar structure with only liquidlike short range ¢, 24 g (Table 2)20221|t should be noted that the observed
order of aggregate centers, most probably due to random thermag(_ray reflections agree well with the expected relative peak

. . 22 "
motion of discrete aggregaté: positions for a 3-D body centered tetragonal structure, as shown
in Table 3. On heating, the tetragonally ordered structure
(22) (a) Sakamoto, M.; Hashimoto, T.; Han, C.-D.; Vaidya, N.\acromol- ; _ ; ;
ecules1997, 30, 16211632, (b} Schwab, M.: Stuehn. Bhys. Re. Lett transforms into a 2-D hexagonal columnar structure W|_th lattice
1996 76, 924-927. constant® = 8.6 and 8.9 nm foR1—5 and24—6, respectively.
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(@) (b)

Figure 4. Schematic representation of self-assembl\L®f4 into (a) 1-D lamellar structure and (b) 3-D tetragonal micellar structure.

(001) 25°C
(@) (002)

(®)

(002)

100 °C

(202) | (213)
(200) (310)
101) (222
(004)

(100) 115°C

©

Intensity

T
18

T
27

Intensity

4 T T T T T T T T
a(rm) 5 10 15 20 25
Figure 5. Small-angle X-ray diffraction patterns measured at different q(nm")
temperatures plotted against=g 4z sin 6/4) in (a) the lamellar phase, (b) ) ) ) . .
the tetragonally perforated lamellar phase, (c) the hexagonal columnar phase /9ure 6. Wide-angle X-ray diffraction patterns measured at various
and (d) the random micellar phase ft—5. temperatures fop1-5.

Table 3. Small Angle X-ray Diffraction Data for Tetragonally

Thus, the tetragonal structure in these molecules exists as arpPerforated Layer Structure of Rod—Coil Molecule 21—5 at 100 °C

intermediate structure between the lamellar and 2-D hexagonal

... . h k I Qobsd (nmil) Oealed (nmil)

columnar structures. This is in contrast to the thermal behavior
. . 1 0 1 0.527 0.527
of the tetragonal phase exhibited by other+adil systems 2 0 0 0.691 0.691
reported previously?-2! Another interesting point to be noted 0 0 2 0.798 0.798
is that the peak intensity associated with 002 reflection appears g (1J (2) i-ggg i-gig
to be the most intense (see Figure 5b), implying that the 3 0 1 1104 1139
fundamental structure is lamellar. This is also in opposition to 2 2 2 1.282 1.282
that of the tetragonal structure based on discrete bundles 3 1 2 1.367 1.353
exhibited by16—4 (Figure 3) and other rodcoil moleculega2t ‘2‘ 2 (3) i'ig iig?
Taking into account the facts described above and the thermal 4 1 1 1.467 1.467
behavior exhibiting as an intermediate structure between the 0 0 4 1.673 1.696
lamellar and columnar structuré®??s this 3-D structure can 2 0 4 1.816 1.851

be best described as a system of tetragonally perforated rod ) )

| tacked in ABAB order. Thus. the coil perforations Cobsd @nd Qealca @re the scattering vectors of the observed reflections,
ayers ste : , p and calculated for the tetragonally perforated layer structdfmtnmspace
organize into a 3-D body-centered tetragonal structure. Basedgroup symmetry) with lattice parameteas= 18.4 andc = 15.0 nm.

on the lattice parameters and the molecular densities, the

perforation sizes in diameter are estimated to be 12.3 and 14.0 Small-angle X-ray diffraction patterns at the optically iso-
nm for 21-5 and 24—6, respectively. tropic phase at high temperature above the hexagonal columnar
structure, exhibits only a strong reflection that decreases
gradually until the structure changes completely into isotropic
liquid, similar to that of 16—4 (Figure 5d). Considering
liquidlike micelles, the diameters of sphere can be calculated

(23) Luzzati, V.; Tardieu, A.; Gulik-Krzwicki, TNature 1968 217, 1028—
1030.
(24) Kekicheff, P.; Tiddy, G. J. TJ. Phys. Chem1989 93, 2520-2526.

(25) Burger, C.; Micha, M. A.; Oestereich, S.;'ster, S.; Antonietti, M.
Europhys. Lett1998 42, 425-429.
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2 Table 4. Small Angle X-ray Diffraction Data for Hexagonally

@ — 130°C Perforated Layer Structure of Rod—Coil Molecule 29—7 at 130 °C
v h k ! G (001 s (M)
29 8 1 0 0 0.547 0.547
'/ ) 1 0 1 0.664 0.640
@) s 0 0 2 0.640 0.640
(100) (112) 05 12 16 20 24 1 0 2 0.860 0.861
2 -1 0 0.948 0.948
® O 1 1 0 0.948 0.948
2 -1 2 1.157 1.158
1 1 2 1.157 1.158
0 0 4 1.327 1.330
%‘ o) 2 0 3 1.480 1.481
5 @575 12 14 16 3 -1 1 1.486 1.486
E 1 2 1 1.486 1.486
© O 250 °C 3 -1 2 1.593 1.594
2 1 2 1.593 1.594
2 -1 4 1.631 1.633
1 1 4 1.631 1.633
0 3 -3 2 1.772 1.772
(200) 2 -2 5 1.999 2.001
2 0 5 1.999 2.001

05 10 15 20 25
q(nm')
Figure 7. Small-angle X-ray diffraction patterns measured at different
temperature plotted againsts @ sin6/2) in (a) the hexagonally perforated

lamellar phase, (b) the tetragonally perforated lamellar phase and (c) the
2-D hexagonal columnar phase 28—7.

2 Qobsd @Nd Qeaicd are the scattering vectors of the observed reflections,
and calculated for the hexagonally perforated layer strucR8grimcspace
symmetry) with lattice parametess= 13.2 andc = 18.9 nm.

to be 8.5 and 9.0 nm fo21—5 and 24—6, respectively.’¢-2?
These results indicate that the 2-D hexagonal columnar structure
transform, on heating, into a discrete micellar structure with a
lack of 3-D symmetry. This behavior can be rationalized by
considering the coil segments to be conformationally flexible.
On heating, higher thermal motion of flexible coils relative that
of the stiff-rod segments leads to more curling of cails,
consequently requiring larger interfacial area. This spatial
requirement results in the split of the extended columns into
discrete bundles. The tendency of the lamellar or columnar

structures to split into smaller domains on heating is consistent ) ) . ]
Figure 8. Representative optical polarized micrograph (Dof the texture

; i i ,19a,20a,21
with the resu_lts descrlb_ed previousfy: . . exhibited by the tetragonally perforated lamellar phasg%f7 at 225°C
On further increment in the molecular length, the interesting on cooling scan.

phase behavior can be observed. Similar to the molecules
described above, both9—7 and 32—8 also self-assemble, at  of a tetragonal order. Figure 8 shows a representative texture
first, into a lamellar structure, in which rod building blocks are of the tetragonal phase exhibited Bg—7 on cooling scan.
crystallized into a rectangular lattice within aromatic domains. Taking into account the presence of the very strong 002
On heating, however, the lamellar structure of both the reflection in the small-angle X-ray diffraction pattern and its
molecules transforms into a perforated layered structure with a position in the phase sequence, located between lamellar and
3-D hexagonal lattice rather than a tetragonal lattice. The small- columnar phases, the 3-D tetragonal structure can be considered
angle X-ray diffraction pattern a29—7 displays a number of  as a perforated lamellar structure in analogy viath-6.
sharp peaks, which can be indexed as a 3-D hexagonal order These results together with the DSC scans indicate that the
(P6s/mmcspace group symmetry) with lattice parameters 3-D symmetry change, from a hexagonal- to a tetragonal lattice
13.2 nm anct = 18.9 nm (Figure 7a and Table #p2! in the perforated layered structure, occurs in a reversible way
Interestingly, the heating DSC curve B8—7, as shown in by changing temperature. Figure 9 illustrates the possible models
Figure 2, shows to be an additional phase transition at’216  responsible for the transformation between the hexagonally
suggesting that the presence of the intermediate structureperforated and tetragonally perforated lamellar structures de-
between the hexagonally perforated lamellar and columnar pending on temperature. In comparison with the phase behavior
phases. The small-angle X-ray diffraction pattern taken at 225 of 24—6, this indicates that increasing the rod length leads to
°C shows several reflections corresponding to a 3-D body the formation of a perforated layer with a 3-D hexagonal lattice,
centered tetragonal lattice with a lattice paramegers 20.6 whereas reduction in its length favors a perforated layer with a
nm andc = 18.1 nm (Figure 7b). On cooling from the optically  3-D tetragonal lattice.
isotropic phase and then annealing at 280 the formation of
rodlike domains growing in two different directions which merge
into a 2-dimensional network texture could be observed on the At ambient temperature, all the redoil molecules assemble
polarized optical microscope, further supporting the existence into a lamellar structure, in which the rod building blocks

Discussion
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(2) ®

Figure 9. Schematic representation of self-assembl\2®f 7 into a perforated lamellar structure with (a) 3-D hexagonal lattice and (b) 3-D tetragonal
lattice.

20 discrete bundle structure via a variety of intermediate structures
including 3-D perforated lamellar and 2-D columnar structures
18 to a lamellar structure. This interesting variation in the supra-
molecular structure, at an identical rod-to-coil volume ratio can
16 4 be explained by considering the tendency of the rod building
l block to be arranged with their long ax®s3! On increasing
144 the rod length, attractive interactions between the rod segments
1 would be greater, which results in the organized structures with
Tt 129 successive decrease in the interfacial area.
i 10_- The 16—4 based on a short rod length shows a 3-D discrete
§ structure above a lamellar crystalline structure, most probably
F sl due to the relatively large entropic contribution to the free energy
= ] slop = 0.685 associated with a short molecular length. On elongation of the
6 rod building blocks, the strong tendency of the rods to be aligned
| axially with their long axes makes a greater enthalpic contribu-
44 tion to the free energy balance at the expense of entropic
| penalties associated with coil stretching. Accordingly, the
24 discrete domains would merge into a larger domain as in the
case of21-5 and24—6 that self-assemble into infinitely long
04—t 11— strips and tetragonally perforated layers, to reduce interfacial
6 8 10 12 14 16 18 20 22 energy associated with unfavorable segmental contacts. Remark-
molecular length(nm) ably, further increasing the rod length gives rise to a hexagonally
Figure 10. Dependence ofl-spacing of the roécoil moleculen—x in perforated layered structure as in the cas@®f7 and32—8.
the lamellar crystalline phase on the molecular length. In addition, the hexagonal symmetry of the perforations in these

o ) o ) ) molecules transforms to a tetragonal arrangement reversibly by
crystallize into a rectangular lattice within aromatic domains. cnanging temperature in these molecules, as illustrated in Figure
Figure 10 shows the dependencedespacing of the lamellar g Therefore, changing temperature produces an effect similar
structure as a function of the calculated molecular length of the 1, yarying the molecular length. These results demonstrate that
rod—coil molecule. As shown in Table 2, thé-spacing  gystematic variation of the rod length at an identical rod to coil
systematically increases with the calculated mole_cular length. \,olume fraction can provide a strategy to regulate the organized
The value, however, is smaller than the corresponding m°|eCU|arstructure, from discrete bundles, long strips, perforated layers

length in each of the molecules, indicative of a rod tilt with  yth poth tetragonal and hexagonal symmetries to conventional
respect to the interface separating the rod and coil domains.|4yers,

Notably, the slope is less than unity, implying that the extent
of the rod tilt increases with increasing the molecular leddth.

This behavior can be rationalized by considering the energetic
penalties associated with deformation of coil segments, as well

i i i 6—-31

Hlustrated by ro.d-c.o_ll theories” assemble into stable perforated lamellar structures having
In contrast, S|gn|f|ca_nt supramolecular structural change af[ different 3-D lattices with a small variation in the rod length.

elevated temperature is observed as the molecular length 'SFurthermore, the 3-D symmetry of the coil perforation changes

varied at an '.d entical rod to coil volume ratio. The expenmenta! directly from a tetragonal to a hexagonal lattice in a reversible
results described here demonstrate that the systematic elongatlou’ay with variation in temperature as in the case8f-7 and

of the rod segment leads to a structural transformation from @35°8 This transition may arise from the fact that, with

Compared to other self-assembling systems including block
copolymers?4253233 liquid crystal2, and surfactant sys-
tems2324.34the unique feature of the structurally simple rod
coil diblock systems described here is their ability to self-
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62, 1-16. 341.
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increasing the rod length or lowering temperature, packing perforated lamellar structure as an intermediate structure
arrangement of coil perforations has a tendency to pack morebetween the lamellar and tetragonally perforated lamellar
densely. Consequently, the 3-D tetragonal lattice of coil structures. Consequently, these systems clearly demonstrate the
perforations transforms into a 3-D hexagonal lattice that allows ability to regulate the domain nanostructure, from 2-dimension-
more close packing. ally continuous layers, long strips to discrete bundles via periodic
perforated layers by small changes in the rod length, at an
identical rod-to-coil volume fraction. It is worthy of note that
Rod—coil diblock molecules with variation in the rod length,  the perforated lamellar structures are equilibrium structures and
but identical rod to coil volume ratio were synthesized and thus, the 3-D lattice of the perforations can also be manipulated
characterized, and their self-assembling behavior was investi-by a change in the rod length in a reversible way. The work
gated by using DSC and X-ray scatterings. These moleculesdescribed here suggests that this approach to regulating supra-
were observed to self-assemble into aggregate structures thamolecular structure will lead to a wide range of functional
differ significantly as a function of the molecular length. The materials with tunable nanoscopic properties and potentially
molecule with a short rodcoil molecule containing two interesting applications such as periodic porous materials,
biphenyl units as the rod segmeh6{-4) shows a 3-D tetragonal  nanopatterning, and nanostructured templates.
structure based on a body-centered symmetry of the discrete
bundles in addition to a lamellar structure. This 3-D lattice, on ~ Acknowledgment. This work was supported by National
heating, collapses to generate a disordered micellar structure Creative Research Initiative Program of the Korea Ministry of
Remarkably, the molecules based on longer rod segnizhts( Science and Technology. We thank Pohang Accelerator Labora-
and24—6) were observed to self-organize into multiple supra- tory, Korea, for using the Synchrotron Radiation Source.
molecular structures accessible through a change in temperature.
The molecules show, on heating, lamellar, tetagonally perforated
lamellar, 2-D hexagonal columnar and finally disordered mi-
cellar structures. Further increase in the molecular length as in
the case 0f29—7 and 32—8 induces a 3-D hexagonally = JA039793Q

Conclusions
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