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ABSTRACT: Self-assembly in the bulk of a series of hybrid triblock copolymers formed by a poly(9,9-
dihexylfluorene-2,7-diyl) (PHF) middle block and two polybenzyli-glutamate) (PBLG) end blocks has been
studied. Since the-helical secondary structure of the PBLG block may be either maintained or suppressed
depending on the solvent casting history, the PBIRFHIF-PBLG copolymers exhibit two different conforma-

tions: arod-rod—rod or coit-rod—coil configuration, respectively. In order to provide insight into the influence

of conformation on self-aggregation of these systems, three copolymers with different block ratio were investigated
in both conformations using small- and wide-angle scattering techniques and transmission electron microscopy.
Time-resolved photoluminescence measurements were performed on the same samples to explore the effect of
morphology on photophysical properties. The observed photoluminescence spectra and dominant excited lifetimes
of the poly(9,9-dihexylfluorene-2,7-diyl) block were found to differ markedly in+oold—rod and coit-rod—

coil configurations and were correlated to the morphology of the self-assembled triblock copolymers.

Introduction copolymert® These hybrid triblock copolymers containing a

middle conjugated polymer block and two end polypeptide
'Blocks are expected to improve the interaction between the
electro- and photoactive blocks with biomolecules. Conse-
qguently, applications such as wires for delivering electrical

During the past decade, a large number of papers have bee
devoted to the study of the rectoil class of block copolymers,
where the rod block provides the additional effect of liquid
crystalline behavior |n.the self-assemb]y .Of block copolyn%e?s. stimuli to influence cell growth and cell morphologyor such
Although the phase diagram of the cedoil copolymers is now - 18,19 b idered
well understood both experimentally and theoretic&il/the as biosenso can be consiaered.
rod—coil self-assembly is still under intensive theoretical and  In the present paper, we continue the work initiated by Kong
experimental investigatioh’ ® Recently, in view of more  and Jenekhe reporting on the bulk ordering of a homologue
controlled morphologies and enhanced properties, more com-series of hybrid ABA triblock copolymers containing poly(9,9-
plicated molecular architectures such as -tomt diblock dihexylfluorene-2,7-diyl) (PHF) and poty{benzyli-glutamate)
copolymet®1! or rod—coil—rod*2 and coil-rod—coil'3.14 tri- (PBLG). From a structural point of view these systems are
block copolymers have also become the object of several studiesremarkable since poly¢benzyli-glutamate) can exhibit both
The rigidity of the rod blocks can be achieved either by o-helical secondary structure, which confers rodlike behavior
polypeptides exhibitingx-helical secondary structure or with  or coil configuration. The rogtcoil transition can be triggered
m-conjugated polymers. Both classes of systems are of interestby (i) varying the temperature at a constant solvent composition
for advanced applications. Indeed, while polypeptides provide, or (ii) by varying the solvent composition at constant temper-
to a certain extent, biocompatibility such as in 3D scaffolds for ature?’ The commonly used unwinding agents are dichloroacetic
tissue engineering and biomineralizatiengonjugated polymers  acid (DCAY°2'and trifluoroacetic acid (TFA}-?2Roots et al.
are appealing systems for their optoelectronic and photoconduc-have shown that in a solution of DCA/dichloroethane (80/20
tive properties® Recently, Kong and Jenekhe reported the w/w) the PBLG coil form is most stable below 2@ and the
synthesis of a novel hybrig-conjugated-based ABA triblock  helix form is dominant above 4TC; the transition temperature

is found to be 31°C.2 The morphology of block copolymers
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Scheme 1. (a) Chemical Structure of the PBLGPHF—PBLG
Triblock Copolymer; (b) Schematic Representation of the Three
Different Triblocks 2

RRR_C

i, N

b)

2 TheBnnotation corresponds to a benzyl group. The contour length
proportions are respected for the rewd—rod configuration.

Table 1. Triblock Copolymer Description
PBLG contour

PHF contour

samples PBLGV PHFM, lengtht (nm) lengtH (nm)
A 5000 5000 3.45 12.6
B 13000 5000 8.1 12.6
C 4000 9000 24 235

aPBLG a-helix contour length is calculated considering that one unit
contributes to 1.5 A7 PPHF contour length is calculated by using
Chem3D*6

polyfluorenes are still good candidates for blue OLEDs thanks
to their high photoluminescence quantum yields, in the solid
state, and good charge transport propefiet order to
eliminate or attenuate the green emission, other components hav
been tentatively blended with polyfluorene, such as poly-
(vinyldiphenylquinoline?” Alternatively, also the tuning of the
structure by using multiblock copolymers where the polyfluorene
constitutes at least one block has been expléted.

In this paper, we report investigation of three PBEBHF—
PBLG triblock copolymers with various block ratios in their
two possible conformations: redod—rod (RRR series) and
coil—rod—coil (CRC series). The morphologies were observed
in real space using transmission electron microscopy (TEM)
and correlated with reciprocal space data using small- and wide-
angle X-ray scattering (SAXS and WAXS). Steady-state and
time-resolved photoluminescence spectra were measured on th
samples and correlated with the morphology.

Experimental Section

Sample Preparation. The chemical structure of the triblock
copolymers containing poly(9,9-dihexylfluorene-2,7-diyl) (PHF) and
poly(y-benzyli-glutamate) (PBLG), denoted BuHFN-BLGm,

Polypeptidet-Conjugated Polymer/Polypeptide Copolymerk847

Table 2. Results on the Coit-Rod—Coil Samples from the TEM
Micrographs Analysis Using the Technique Described by Sary et
a|.31

black lameRgam)

19+ 3
12+ 2
10+ 3

samples
CRC_A
CRC_B
CRC_C

aBlack lamellae correspond to PBLG domains and white lamellae to
PHF domains.

periods (nm)

35+ 6
23+ 4
21+ 5

white lamellag (nm)

16+ 3
11+ 2
11+ 2

Transmission Electron Microscopy: Bright field imaging was
performed on a CM100 Philips TEM operated at 80 kV (emission
2). All images were acquired on a SIS Morada CCD camera.
Samples were embedded in a standard four components epoxy resin
(46 wt % Epon 812, 28 wt % (dodecenylsuccinic anhydride) DDSA,
25% (nadic methyl anhydride) NMA, 1% 2,4,6-tris(dimethylami-
nomethyl)phenol) catalyst. In order to avoid diffusion of the resin
components into the sample, the resin was pret@ré at 70°C
before embedding the sample  h at 70°C. The samples were
ultramicrotomed on a Reichert-Jung microtome at room tempera-
ture. 50 nm thick sections were collected on 300 hexagonal mesh
copper grids (EMS G300H-Cu). Ruthenium tetraoxide (Rudas
used to stain the PBLG blocks in both the CRC and RRR series. A
typical exposure time to the Ry@apor was 15 min.

Small- and Wide-Angle X-ray Scattering. SAXS and WAXS
spectra were acquired on a device consisting of a Bruker MI-
CROSTAR microfocus rotating anode X-ray source with Montel
Optics (Cu Ku radiationi = 1.54 A), where the beam was further
collimated using four sets of four blade slits. The sample-to-detector
distances of 1.5 and 0.45 m were used spanniggrange from
0.006 to 0.14 A and from 0.02 to 0.8 Al respectively. Scattering
intensities were measured using a 2-D area detector (Bruker AXS).
The magnitude of the scattering vector is givendgoy: (4n/1) sin
6, where 2 is the scattering angle. Samples of about Z60were
maintained between two Kapton sheets. Data treatment follows

tandard procedures for empty cell, detector response, and spatial
istortion corrections.

Photoluminescence ExperimentsThe photoluminescence (PL)
emission measurements were performed on a Perkin-Elmer LS50B
luminescence spectrometer using a homemade sample holder. The
fluorescence emission was detected in the direction normal to the
excitation beam. The excitation wavelength was 350 nm, and the
samples were casted on glass, following the annealing procedure
described previously. The same samples were used to perform time-
resolved PL decay measurements using the time-correlated single
photon counting technique (TCSPC). The polymer films of few
tens of micrometers were cast on glass substrates for observation.
The fluorescence decay wavelength was set at 520 nm throughout
the study. The number of the fluorescent photons was kept low

felative to the number of start pulses (1% or less).

Results

Transmission Electron Microscopy. TEM images on the
CRC sample series present a well-defined phase separation as
shown in Figure 1ac. Samples CRC_A and CRC_B exhibit a

is shown in Scheme 1a. The polymers were synthesized by ring- lamellar morphology, with a more polydisperse lamellae dimen-

opening polymerization of the PBLG blocks on PHF macroinitia- sion in CRC_A sample than CRC_B. Sample CRC_C presents
tors. The PHF macroinitiators were prepared by Yamamoto coupling a rather disordered worm-type morphology in which lamellar

polymerization. More details on the synthesis are reported in ref ordering occurs locally with a very short persistence length of
16. Three block copolymers with (_jiﬁerent degree of polymerization ahout 50 nm. To quantify the period and the lamellae dimen-
are preparedm/n 23/15 (same as in ref 16), 54/15, and 16/28 (same gjons, a systematic study previously described in liter&twas

as in ref 16); see Table 1. Chloroform is used to cast the Samplesperformed. The data are presented in Table 2. Since;Ruz®

in the rod-rod—rod conformation since it is a good solvent for . .

both blocks and does not denature thxelix of the polypeptide. used as staining agent, the b.laCk domains are expected. to be
The coik-rod—coil conformation is obtained by unwinding the made of PBLG and the white ones of PHF.' The periods

PBLG helix using a mixture of chloroform and tretafluoroacetic Measured for samples A, B, and C are respectively 35, 23, and
acid (TFA), 75/25 by weight®22 Physical characterization of the 21 nm. On the other hand, TEM images from RRR series reveal
triblock copolymers was carried out on samples annealed at black nanometer scale domains in a white matrix as shown in

160°C for 72 h under a 5¢< 101! bar vacuum. Figure 2a-c. Again, given that Ru@was used as staining agent,
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1000 nm
Figure 1. TEM micrographs obtained on Ruy@tained samples
CRC_A (a), CRC_B (b), and CRC_C (c). Insets give high-magnification
zoom-up of the structure.

Figure 2. TEM micrographs obtained on Ru@tained samples
the black domains are expected to be made of the PBLG andRRR_A (&), RRR_B (b), and RRR_C (c).

the white matrix of PHF. Characteristic sizes are extracted from o ) ) )
the image by averaging 50 measurements of first neighbor b|ack0rth0rh0mblc r|bb0n like structure with a 1.6 nm cross Sect|0n
domains distance. The characteristic size measured for sampleéwidth) and a thickness of 0.44 nm, where the fluorene plane is
A, B, and C are respectively & 2, 17 + 3.5, and 15+ 3 normal to the ribbon width. The fact that in the present triblock

nm. These results will then be discussed by means of WAXS copolymers the orthorhombic ordering of the PHF is observed
and SAXS data. only in the coit-rod—coil configuration is to be attributed to
Wide-Ang|e X_ray Scattering. In Figure 3a,b the |arge_ang|e the release Of. paCki.ng relstrictionS. Ch.a.racteristic for ) PBLG
X-ray diffraction spectra measured on samples in both confor- helices, the coil configuration allowing improved packing of
mations are shown. One major peak is present in all the spectra®HF blocks.
at about 0.47 AL This peak is the main feature on the scattering ~ Small-Angle X-ray Scattering. Scattering curves at low
curves measured on the RRR series, whereas in the CRC serieangles measured on the samples in both conformations are
other important peaks arise at larger angles. @iposition of presented in Figure 4a,b using &y vs q plot to facilitate the
this peak corresponds to 1.33 nm in the direct space using thepositioning of peaks. RRR series presents a large bump at 0.064,
Bragg relationD = 2x/q. This value is in good agreement with  0.067, and 0.035 A! respectively for samples A, B, and C.
the a-helix—o-helix distance, 1.3 nrtf243233which is the The I(g) ~ g* general slope would suggest microphase
predominant interaction in the redod—rod conformation. 1.33  separation from sharp interface (Porod’s law); however, solely
nm is also in good agreement with the lateral packing of the on the basis of the scattering data and considering the broad
PHF block, i.e., 1.31 n¥ which is the major interchain  peaks, the possibility of a maximum arising upon concentration
interaction in coit-rod—coil form. We then attribute the peak fluctuations cannot be fully ruled out. Therefore, we use
to PBLG helix-to-helix interdistance in the RRR series (Figure evidence based on TEM images (Figure-2ato further support
3a) and to PHF close packing in the CRC (Figure 3b). In both microphase separation. Thepositions of the peaks correspond
conformations, another peak is observed only on samples A andin the direct space to correlation distances of 9.5, 9.5, and 19
C spectra at g-position of about 0.4 AL The TFA treatment nm, which are correlated to PHF block contour lengths (see
does not suppress this peak. This scattering feature can beTable 1). On the other hand, all spectra measured on the CRC
attributed to the lamellar spacing Bfsheets$? as it has been ~ samples present a broad peak at small angles, positioned at
observed that short chains of PBLG, less than 20 units, present0.016, 0.027, and 0.023 A for samples A, B, and C,
most likely botha-helices ang3-sheetg* On the other hand,  respectively. Thesg-positions correspond in the direct space
in Figure 3b, theg-positions of the large angle peaks in the to correlation distances of 39, 23, and 27 nm, which are
CRC series are most likely the signature of an orthorhombic consistent with the TEM data presented in Table 2. The large
structure of the hairy PHF rods. Grell et3lreported the bump visible at 0.063 Al on the CRC_A spectra is most likely
crystallographic structure of polyfluorene with C8 alkyl chains. a reminiscence of the RRR_A peak positioned at 0.064, A
In that paper the authors propose that the molecules present amlue to a noncomplete unwinding of thehelices.
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Figure 3. WAXS spectra acquired on samples casted from chloroform, RRR series (a), and casted from the TFA/chloroform mixture, CRC series
(b). For both configurations circles, triangles, and squares represent respectively samples A, B, and C.
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Figure 4. SAXS spectra acquired on samples casted from chloroform, RRR series (a), and casted from the TFA/chloroform mixture, CRC series
(b). For both configurations circles, triangles and squares represent respectively samples A, B, and C.

Photoluminescence Spectra and LifetimeFigure 5a shows  The fitting results are presented in Tables 3 and 4, corresponding
the PL emission properties of sample B in both conformations, respectively to the PBLG coil and rod conformation. In general,
rod—rod—rod and coit-rod—coil. The PL emission spectra the PL decay of the coil conformation is significantly faster
clearly show both a blue band with a peak around 435 nm and than the rod one. The main difference between the two is that
a broad, featureless, green band centered near 520 nm. Athe major component of the excited-state species decays faster
significant difference in the intensity of the blue band is observed in the coil conformation than the rod conformation, which is
among the B_RRR and B_CRC samples, which can be relatedconsistent with the observed difference in the steady-state PL
to difference in their morphologies. The recbd—rod confor- data.
mation presents a higher blue emission ratio relative to the greenDiscussion
one. The blue emission of the two samples is relatively low
compared to the green emission, which may be attributed to Rod—Rod—Rod Conformation. At small length scale, below
the annealing proceduféNevertheless, a significant difference 2 "M, WAXS spectra show that the PBLG helices are aggregated
in relative intensity of the blue emission is observed. Figure 5b in bundles. Such domains are observed by TEM with typical

presents the PL decay data fitted with a triple exponential Sizes of a few nanometers, which are in agreement with the
(n = 3): contour length of the PBLG helices. At larger length scale, few

tens of nanometers, SAXS spectra present large bumps, whose
t g-positions are correlated to the contour length of the middle
)=y, + Zan ex;{— —) PHF blocks. The proposed structural model, consistent with the
n Tn experimental data, is presented in Scheme 2. A liquidlike
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Scheme 2. Schematic 2D Model of the PBLGPHF—PBLG

ﬁ | Triblock Copolymer Conformation in the Rod —Rod—Rod
Form2
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4 2 The black rods correspond to the PHF and the gray helices to the
X PBLG. In this representation only the triblocks contained in one plane
Slie \ are fully presented.

4 observations. It is unambiguous from the TEM images that

8 " samples A and B present a lamellar morphology. The analysis

of the sample C image is more uncertain, but lamellar domains

. are observed locally (see inset in Figure 1c). Therefore, a

2 ° lamellar structure will be considered for all three samples to
° TRy analyze the scattering data. Scheme 3a,b presents the lamellar

10 — model, with black rods corresponding to the PHF and the gray

4 6 8_10 12 14 16 18 coils to the PBLG. In order to extract the unknown parameters

b) Time (ns) (Table 5), the averaged volume occupied by both PBLG coils

Figure 5. (a) Photoluminescence spectra measured on sample RRR_BOf each copolymer is calculated. This volume can be estimated

(diamond) and CRC_B (circle) excited with a 350 nm wavelength light. by two ways: the first one is based on the chemical structure;

The spectra are normalized to one at a wavelength of 514 nm. (b) Time- knowing the molar massvly peLc, and the densityppgic, Of
correlated single photon counting measurement on sample RRR—Bthe coils. one can write ' ' ’
(diamond) and CRC_B (circle). The solids lines correspond to the fits !
using a triple exponential.

Intensity

MW,PBLG
Table 3. Fitting Parameters of the Time-Correlated Single Photon Veeic=2— N, (1)
Counting Measured on the Coil-Rod—Coil Using a PeeLG
Triple-Exponential Decay (¢> = 1.07 andY anz, = 2.09 ns)

with N, the Avogadro number. The second way to get the PBLG

T an (%) @nTn volume is geometrical, knowing the PHF ribbon structure, as
71:2-‘518 a = ;g 8.2% obtained by the WAXS experiment: the widtty, and the
T2 = 1. a = ) . . . .
et =16 131 thickness,t, and considering a tilt angle of the PHF rods,

(see Scheme 3b). These considerations lead to
Table 4. Fitting Parameters of the Time-Correlated Single Photon

Counting Measured on the Rod-Rod—Rod Using a Vogle = t'Wlpg e & WID sin 10 — |0 (2
Triple-Exponential Decay (¢> = 1.11 and Y ant, = 2.47 ns)

n an (%) AnTn with t' the apparent thickness of the PHF ribbon when a tilt
=073 a — 46 0.33 angle off is presentlpg.g is the lengths of the PBLG lamellae,
7,=1.86 a,=36 0.67 whereadpyr corresponds to the PHF rods contour length. Note
13=8.21 az=18 1.47 that there is not a factor 2 asidigs g, since two PBLG coils

. . ) ) have to fit in the same volume in order to respect the lamellar
ordering of small bundles of PBLG helices is considered. The period, D, measured by SAXS.

black rods correspond to the PHF and the helices to the PBLG. Merging egs 1 and 2 leads to

In this sketch only the triblocks contained in-plane are shown,

extra PBLG helices with connected PHF blocks need to be added M, peLG -

pointing out of the drawing plan in order to maintain constant 2———N;~wt(Dsin "0 — lpp) (3)
the overall density. It is important to note that the liquidlike PreLc

ordering of the PBLG bundles and the distance between them, i ihe only unknown value if we consider that the density of
are directly correlated with the triblock structure and mainly 1o PBLG coil in bulk remains close to 1.278. which is the

with the length of PHF middle block, in agreement with our yensity measured for PBLG in bulk when the helical secondary

SAXS,/TEM StUdY' ) . ) structure is presenrf. The width of the PHF ribbony, is given

_ Coil—Rod—Coil Conformation. In this second series, TEM  py the WAXS experiment and is found to be 1.33 nm. The value

gnages ar;%iceatteréng;geé:tra s_hochIearla/_ a phase separ?tmgf its thicknesst, used for the calculation is 0.44 35 From
etween an omains. Two things can count for ; :

this structural divergence between rawd—rod and coit-rod- 0, the lamellae thicknesseBpsc and Deyr can be easily

coil systems: (i) first the superior flexibility of the ceifod—

coil copolymer and (ii) an increased conformational asymmetry Dppr = lppeSin 6

between the rod and coil segmefitsurthermore, the correla-

tion distances measured by SAXS are consistent with the TEM DpgLc = lpeic = D — Dppe (4)

estimated using the following relations:
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Table 5. Results from the SAXS and WAXS Spectra Analysis on the CoilRod—Coil Samples, Using the Lamellar Model

samples w2 (nm) t? (nm) lpue® (Nm) D4 (nm) 0 DpgLc (NM) DprE (NM) ¢paLG (NM)
CRC_A 1.33 0.44 12.6 39 82.1 26.5 12.5 0.68
CRC_B 1.33 0.44 12.6 23 17.8 19.1 3.9 0.83
CRC_C 1.33 0.44 23.5 27 40 12 15 0.44

aw is the width of the ribbonlike shape of the PHF measured by WAXSs the thickness of the ribbon, measured by WAXS® Ipr is the contour
length of the PHF rod blocks. 4D is the period measured by SAX8, DpgLc, andDpwr are calculated from the CRC modéks,c is the PBLG volume
fraction calculated fronDpg g and Dppir

Scheme 3. (a) Schematic Model of the PBLGPHF—PBLG Triblock Copolymer Conformation in the Coil —Rod—Coil Form; (b)
Description of the Volume Occupied by a Single Triblock Copolymet

Dene ' Dpaigo
D i :
a) ' : b) ‘
a2 The black rods correspond to the PHF rods and the gray coils to the PBLG.

Results of these calculations are presented in Table 5. The PBLG The blue band in the PL emission spectra of the samples is
volume fraction values obtained through this basic model, 0.68, due to intrinsic emission of the PHF block, and this is in accord
0.83, and 0.44 for samples A, B, and C, respectively, are very with prior observations on spin-coated thin filifsWe note
close to those obtained more directly from the molar mass andthat the dominant peak of the blue band in both spectra of our
the density, which are 0.66, 0.82, and 0.44, respectively. This annealed samples (e.g., Figure 5a) corresponds to e 0O
confirms the validity of our topological lamellar model. The transition in the emission spectrum. In contrast, the prior thin
densities used for this calculation are 1.278 for the PBLG and film samples without the prolonged annealing of the current
1.11 for the PHF. The latter value is evaluated using the study had the 0 emission transition as the dominant peak in
crystallographic results from Grell et &l. the PL emission spectruffi.Thus, the increased order of the

From the analysis of the data in Table 5, it appears as well annealed samples results in some changes in the blue band of
that for an identical PHF block, samples A and B, the tilting the PL spectrum. This difference in the blue region of the PL
angle of the rods increases with the coil molecular weight, as emission spectra of the RRR and CRC samples is consistent
expected, in order to limit the stretching of the coil. On the with the molecular packing structures proposed, since the
other hand, a rather higher tilting angle is calculated for sample isolated PHF blocks (Scheme 2) should have a more intense
C compared to sample A which has a similar PBLG coil blue band than those packed together (Scheme 3). Thus, a
dimensions. The reduced WAXS scattering intensity measuredcorrelation between the observed morphology and photolumi-
on sample CRC_B can be attributed to the highly tilted nescence is implicated.
conformation of PHF rods which may limit the ribbonlike The observed green band in the PL emission spectra of the
structure formation. PBLG—PHFPBLG triblock copolymers could originate from

In order to minimize the distance of thestacking interac- two possible sources. First, the extended annealing of the
tions, only a limited number of positions will be allowed; these samples would suggest the presence of fluorenone défdcts.
positions are the ones at which two aromatic rings are facing that case, the green band should not vary with morphology of
each other. Given the PHF monomer dimension, 0.8353m, the block copolymer samples. Alternatively, the self-assembly
considering a shift of 0%,, and 1 PHF monomer dimension, of the PHF blocks in the coitrod—coil conformation (Scheme
leads respectively to tilting angles of 9@14°, and 26. These 3) could enhance the formation of excimers. However, we
values are in good agreement with the tilt angles found for believe that fluorenone defects best explain the observed PL
sample A, C, and B, respectively. A shift of half of a monomer emission properties of the annealed block copolymers.
unit was already proposed by Grell et al. in ref 35 to explain )
their crystallographic data. Furthermore, Sary et al. observed Conclusions
shifts of integer values on poly(phenylenevinylene) (PPV) units  The bulk ordering of a series of three hybrid triblock
in PPV—PS rod-coil block copolymers, also due to maximiza- copolymers (BL@G+HFn-BLGm) containing poly(9,9-dihexy-
tion of z-stacking interaction&! In conclusion, the lamellar  Ifluorene-2,7-diyl) (PHF) and polytbenzylt -glutamate) (PBLG)
periods measured by TEM are in good agreement with the oneshas been investigated using a combination of TEM imaging (real
from SAXS. However, we cannot conclusively compare the space) and X-ray scattering (reciprocal space). The copolymers
dimensions of the PBLG and PHF lamellae obtained by TEM exhibit two different conformations: reerod—rod and coit-
analysis and the present model due to the weak contrast on theod—coil as a consequence of a controllable rod-to-coil transition
TEM images, which makes challenging the achievement of a of the polypeptidic helices. Experimental data show that the
perfect focusing of the images. coil—rod—coil form of the copolymer leads to lamellar ordering,
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whereas the rodrod—rod systems remain in a clusterlike
structure. Two things can account for the structural divergenc
between roe-rod—rod and coit-rod—coil systems: (i) first the
larger flexibility of the coil-rod—coil copolymer and (i)

Macromolecules, Vol. 41, No. 5, 2008

(12) Li, K.; Wang, Q.Chem. Commurk005 4786-4788.

e(13) Xiao, X.; Fu, Y. Q.; Zhou, J. J.; Bo, Z. S,; Li, L.; Chan, C. M.

Macromol. Rapid Commur2007, 28, 1003-1009.
(14) Raphael, E.; Degennes, P. Bakromol. Chem., Macromol. Symp.
1992 62, 1—-17.

increased conformational asymmetry between the rod and coil (15) Pron, A.; Rannou, FRrog. Polym. Sci2002 27, 135-190.

segments. The dimensions of the individual lamellar layers have
been extracted using a simple lamellar model, leading to the

value of the tilting angle of the PHF rods. This rod tilting, which
varies systematically in the three block copolymers studied,

permits to release the PBLG coil stretching and was quantified

in shifts along the PHF contour length corresponding t&20,

and 1 PHF repeating units. The observed photoluminescence
spectra and decay were found to vary substantially between @Y

rod—rod—rod and coit-rod—coil configurations, and their

systematic changes could be correlated to the morphology of

triblock copolymers.
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