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ABSTRACT: The influence of ionic complexes on phase behavior obfAMA copolymers over a wide

range of molecular weights and PS volume fractions was investigated by small-angle X-ray scattering (SAXS),
grazing incidence small-angle X-ray scattering (GISAXS), transmission electron microscopy (TEM), and neutron
reflectivity (NR). The disorder-to-order transition (DOT) in both symmetric and asymmetric copolymers indicates
that the overall Flory-Huggins segmental interaction paramejgg, between polystyrene (PS) and poly(methyl
methacrylate) (PMMA) blocks with lithiumPMMA complexes is increased compared to that of the neat
copolymers. This enhancedy further results in an order-to-order transition (OOT), from spheres to cylinders,
and an increase in the ordering and spacing of microdomains. Moreover, transitional metal ionic complexes,
such as coppefPMMA complexes, are found to have the similar influence on phase behavior bffR&VIA
copolymers. The formation of ionic complexes in the copolymers not only offers a parameter to tune the degree
of microphase separation of BEPMMA copolymers but also provides a way to fabricate multifunctional materials.

Introduction rather tedious. In addition, N is too large, the kinetics is slow

Diblock copolymers, comprising two chemically dissimilar @Nd the viscosity is high, both of which will hamper the
polymer chains that are covalently bonded together at one end,Processing and use of the copolymérRecently, we found an
self-assemble into morphologies consisting of arrays of micro- increase of microdomain spacing and degree of ordering in a
domains that are tens of nanometers in size, making them ideaiSymmetric PS-PMMA copolymer as a consequence of the
for the fabrication of high-density templates for use in data formation of lithium-PMMA complexes via the coordination
storage and microelectronic devided. The phase behavior of ~ Of lithium ions with carbonyl groups in PMMAZ*3In addition,
diblock copolymers is controlled by the volume fraction of one @ transition in kinetic pathway of the orientation of lamellar
component and the degree of microphase separaginwhere microdomains in thin films under an applied electric field was
N is the degree of polymerization apds the Flory-Huggins observed from microdomain disruption and re-formation to grain
segmental interaction parameter. At IgiV, diblock copolymers ~ rotation, which can only occur in strong segregation regime.
are phase-mixed. AgN increases, a disorder-to-order transition On the basis of these observations, we proposed that the
(DOT) occurs. In the ordered state, diblock copolymers can form segmental interaction parametgrbetween PS and PMMA
arrays of nanoscopic spherical, cylindrical, gyroid, and lamella increased as lithiumPMMA complexes formed.
microdomains by varyin§ The size of the microdomains-(00 The influence of metal ions on phase behavior of block
nm) is dictated by the total molecular Welght of the COpOlyﬁ‘fer. Cop0|ymers Containing poiy(ethyiene Oxide) (PEO) or poiy-
The mi_nimum size of th_e microdomains achievable is dictated (vinylpyridine) (PVP) block, which can strongly coordinate with
by y since the largey is, the smalletN can be before the  metal ions, has been reported. Mayes and co-workers observed
copolymer phase mixes. With decreasing domain size, the g significant increase in the order-to-disorder transition tem-
average center-to-center distance betw_eer_1 the microdomain%erature (ODT) in poly(methyl methacrylateypoly(oligo-
decreases and, as such, the areal density incréases. oxyethylene methacrylate) (PMMB-POEM) copolymers with

Polystyreneb-poly(methyl methacrylate) (PB-PMMA) co- lithium trifluoromethanesulfonate (LiGBOs) complexing the
polymers have been investigated in numerous laboratories forpeg side chain® Bates and co-workers investigated the
the generation of nanoporous templates in thin films through infiyence of lithium perchlorate (LiCIg) on phase behavior of
the control of the orientation of the microdomains by manipulat- 4|y/(styreneb-isopreneb-ethylene oxide) (P$-PI-b-PEO) and
ing surface interactiofi®r by use of an external electric field. poly(isoprenes-styreneb-ethylene oxide) (Pb-PSb-PEO) tri-
However, because of the weak segmental interacfien Q.038 block copolymers and found an increase of ODT and micro-
at 170°C*9), obtaining films that show a long-range lateral order yomain spacing15They attributed the changes to the increase
or templates with smaller pore sizes less than 10 nm has been, , anq changes in PEO chain statistics. Recently, an increase

a challengé! Moreover, because of the weak temperature ; ; ; ;
' of the ODT and microdomain spacing were also observed in
— 10
dependence of (y = (0.028+ 0.002)+ (3.9+ 0.06)M).®  pgpy poyp copolymers complexing with cadmium chloride
the degree of mlcrophase separation can .only be r.eah.s'ucally(CdCIz)'17 Rather than arguing the increasejinthe authors
tuned by changing the degree of polymerizathanwhich is suggested that the changes in conformation of P2VP arising
from coordination of P2VP with Cd ions gave rise to the changes
*To whom correspondence should be addressed: e-mail russell@ jn phase behavior. In contrast to these copolymer)-PSHVA
mail pse.umass.edu. copolymers have relatively weak interactions between metal ions

T University of Massachusetts. : ._
* Universite Catholique de Louvain-La-Neuve. and carbonyl groups. Even though an increaseimduced by
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Table 1. Copolymer Characteristics SAXS instrument, consisting of a three-pinhole collimation system,
My (kg/mol)  fos PDI  morphology had an Osmic MaxFlux X-ray (Cud 0.154 nm) source generated
by a copper anode. The size of the beam and beam stop was about

ggib.;m“ﬁm gg g'g’j 1'8673 p;‘ase'm_ixeg 0.5 mm and 2.5 mm in diameter, respectively. The sample-to-
- ' ' phase-mixe detector distance (calibrated using silver behenate) was 1189 mm.

PS-b-PMMA 62 053  1.07 lamella ; , <

PSH-PMMA 86 075 107  cylinder SAXS data were collected by a 2-dimensional, multiwire propor-

PSH-PMMA 92 0.86 1.06  sphere tional detector. All the measurements were performed at room

dPSbh-dPMMAP 128 0.88  1.05  sphere temperature under vacuum with an exposure time ef@Dmin.

All SAXS data presented here are raw data and not corrected for

contrast for neutron scatteringBoth PS and PMMA block are labeled backgr?uc?d .f;?d empty Cfe” cht{irltngi '2I'ypr|r;:al SdA)iS d_atadare
with deuterium. Although the interaction between PS and PMMA may be presented within & range from ©. 0 1.2 nm, as determine

slightly changed by the deuteration of either block, it is not of significance PY_Polystyrene homopolymer (see Supporting Information).
to the studies presented hépe. Transmission Electron Microscopy (TEM). To prepare TEM

samples, a thin layer of carbor20 nm) was evaporated onto the
surface of the samples before embedding into epoxy that was cured
at 60°C overnight. The films were removed from the substrate by

aThe PS block of the copolymer is labeled with deuterium to provide a

lithium—PMMA complexes has been proposed, it is not clear
how ionic complexes with a weak coordination interaction will dipping into liquid No. All samples were microtomed at room

affect.phase beha_wor of PCBPMMA.coponmers. In this article, temperature with a diamond knife and then transferred onto copper
we discuss the influence of ionic complexes on the phase grigs. The thin sections were exposed to ruthenium tetraoxide vapor
behavior of PS-PMMA copolymers over a wide range of  for ~35 min to enhance the contrast. TEM measurements were
molecular weights and volume fractions. Disorder-to-order performed on a JEOL TEM200CX at an accelerating voltage of
transitions (DOT), order-to-order transitions (OOT), and the 200 kV.

increase of the microdomain spacing and degree of ordering Grazing Incidence Small-Angle X-ray Scattering (GISAXS).
were observed in both symmetric and asymmetrioFESAMA GISAXS measurements were performed at beamlline X22B at
copolymers, suggesting that the formation of ionic complexes National Synchrotron Light Source at Brookhaven National Labora-
in PMMA blocks increases the overall FlorHuggins seg-  (©FY using X-rays with a wavelength of = 1.517 A with an
mental interaction parametegy, between PS and PMMA with exposure time of 60 s per frame. Typical GISAXS patterns were

| . : 1o that of t | Simil taken at an incidence angle of 0.2bove the critical angles of the
compiexes in comparison 1o that of neat copolymers. simiiar copolymer and below the critical angle of the silicon substrate.

effects are found when transition metal ions, like’Guare used  consequently, the entire structure of copolymer thin films could

with PSb-PMMA copolymers. be detected.
) ) Neutron Reflectivity (NR). Specular NR measurements were
Experimental Section performed at the National Institute of Standards and Technology

Materials. Shown in Table 1 are the PSPMMA copolymers at the National Center for Neutron Research on the NG-7 reflec-
used in this study. All the block copolymers were synthesized by tometer and advanced neutron diffractometer/reflectometer. The
sequential living anionic polymerization. The molecular weights Wavelength f) of neutrons was 4.768 A with /A = 0.02.
were determined by size exclusion chromatography (SEC), cali- . .
brated with PS standards. The volume fraction of PS was determinedR€sults and Discussion
using*H NMR spectroscopy (400 MHz). Toluene, tetrahydrofuran DOT in Symmetric and Asymmetric PSb-PMMA Co-
(THF), lithium chloride (LiCl), and copper chloride (Cuglvere polymers. It has been argued that the formation of lithitm
used as received. o ) PMMA complexes significantly increases the segmental inter-
P;&T‘iﬁpg;ﬁ’gg’m&‘d -srgluptirgr?g%? Slgl?;c(lﬁngJ%(Liﬁilrl]nTﬁ_ action between the two block3If this argument holds, then it

’ should be possible to drive a phase-mixed BPBMMA

(1 wt %) and PSQ-PMMA copolymers in toluene were mixed | . h . h d by ioni
together at a given ratio and continuous stirred with moderate copolymer Into the microphase-separated state by ionic com-

heating at temperature below 5C until most of THF was plexation. SAXS and TEM results of a neat symmetric dPS-
evaporated and the solutions became clear. The difference betwee®®MMA copolymer M, = 28 kg/mol) and the copolymer with
“with” and “without” evaporation of THF can be found in ref 12.  lithium—PMMA complexes show evidence of a DOT (Figure
The added ratio of inorganic ions to carbonyl group is not a critical 1). SAXS profile for the neat copolymer exhibits a single, broad
number but can be used to control the relative percentage of peak with a maximum afjmax = 0.346 nnt! and a full width
complexes in the copolymers since the interaction between the gt half-maximum (fwhm) of 0.103 nm (Figure 1A), in

inorganic ions with carbonyl group in PMMA is rather weak; not agreement with previous studi€sThis may indicate that the
all of ions added into the system can form polymer complexes. neat copolymer is in the phase-mixed state. Aftet7%

Some form complexes, some may exist as free ions, and the others . .
may just precipitate. All the solutions we used here were filtered carbonyl groups are complexed with lithium ions, the reflection

to remove the salt aggregates before running any experiments. A”sharpens ngh_m of 0.078 'Trh) gnd sh|f_ts to thg _Ieft allm_ax_=
the samples were measured by FT-IR to ensure the formation of0-325 nm* (Figure 1B). With increasing addition of lithium
ionic complexes and the percentage of carbonyl groups complexedions and complexation (up to27%), the reflection continues
with inorganic ions was calculated (FT-IR spectra and fitting results to sharpen (fwhm of 0.054 nm) and shift to an even lowey
are provided in the Supporting Information). It should be noted (gmax = 0.320 nnt?) (Figure 1C). The continuous shift to a
that ~27% complexation is the highest percentage that we could smallerq and the sharpening of the reflection suggest that the
achieve so far. Thin films of PB-PMMA were prepared by spin- copolymer may be driven from a phase-mixed into a mi-
coating the mixed solutions onto silicon wafers having a native crophase-separated state; i.e., a DOT octW#STEM images
oxide layer. S%mbpleg for smal_l-angrie X-r_aydscatfer_ing measu:?mentsfurther support the presence of a DOT and demonstrate this
\fﬁﬁ:: %‘f 22??1 ol eé’ ng g?\itg;?etj Ztr?.l;(g ursu(j) grtl\?;suﬁmof o razp ton '.[ransformatlon more.d|rectly. Shown in Flggre laisa typlcgl
image of a phase-mixed block copolymer, in agreement with

days to reach equilibrium states and then quenched to room )
temperature. the SAXS data. For the copolymer withl 7% complexes, large

Small-Angle X-ray Scattering (SAXS). SAXS experiments grains of lamellae appear in a disorqlered matrix (Figure 1b).
were performed at Materials Research Science and EngineeringAt ~27%, well-developed lamellae with a long period of 19.6
Center (MRSEC) at the University of Massachusetts, Amherst. A nm are seen.
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Figure 3. Cross-sectional TEM images of films of a neat symmetric

. 03 0.6 0.9 dPSh-PMMA copolymer M, = 28 kg/mol) (A) and the copolymer
q (nm") where~27% of carbonyl groups coordinate to lithium ions (B), after
Figure 1. Left: SAXS profiles for the neat symmetric dREPMMA thermal annealing at 17 for 2 days followed by quenching to room

copolymer M, = 28 kg/mol) (A) and the copolymer wherel7% (B) temperature.

and ~27% (C) of carbonyl groups coordinate to lithium ions, after X

thermal annealing at 17 for 2 days followed by quenching to room x10 r— T
temperature. Right: corresponding TEM images. : il s
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Figure 4. SAXS profiles for a neat P8-PMMA copolymer M, =

10" 76 kg/mol andfes = 0.94) @) and the copolymer where27% of
107 carbonyl groups coordinate to lithium iorS)( after thermal annealing
10° 2 5 at 170°C for 2 days followed by quenching to room temperature.
10°F W"u J\ together with the higher order reflections, indicates that the
avasd copolymer film with lithium—PMMA complexes microphase-
03 06 09 12 separates into alternating dPS and PMMA multilayers, consistent
q (om") with the cross-sectional TEM image (Figure 3B). Consequently,

Figure 2. Neutron reflectivity profiles for films of a neat symmetric ~ the copolymer has undergone a transition from a phase-mixed
dPSbh-PMMA copolymer M, = 28 kg/mol) (A) and the copolymer  to a microphase-separated state with the formation of lithium
where~27% of carbonyl groups coordinate to lithium ions (B) onthe  PMMA complexes.
native oxide silicon wafers, after thermal annealing at 1C0for 2 The DOT induced by lithiursPMMA complexes was also
days followed by quenching to room temperature. seen with an asymmetric FSPMMA copolymer with a

The DOT was further examined in films by NR and TEM. molecular weight of 76 kg/mol and a PS volume fraction of
Figure 2 shows neutron reflectivity profiles for films of the neat 0.94. The SAXS profile for neat asymmetric copolymer (Figure
copolymer and the copolymer witk27% of the carbonyl 4) shows a very broad peak ghax = 0.305 nntl, which is
groups complexed with lithium ions. The NR profile for the attributed to the correlation hole effeéet?22 With lithium—
neat copolymer film shows a broad reflection ngar= 0.353 PMMA complexes, the peak is more pronounced and signifi-
nm~1 which stems from surface induced ordefhgf (Figure cantly sharpened especially in therange of 0.13220.2043
2A). The absence of well-defined Bragg reflections indicates nm™! (noted by the dashed line in Figure 4) wigh at 0.166
that there is no significant orientation of lamellar microdomains nm™. The peak is broad in thggrange of 0.22770.3967 nnt,
with respect to the surface, in agreement with the TEM where the higher orders should be seen, if the spherical domains
observations (Figure 3A). The NR profile for the film containing are ordered on a lattice. The strong decreaseyiz and the
lithium—PMMA complexes is markedly different (Figure 2B).  broad shoulder in the range from 0.2277 to 0.3967 nrh
The presence of a sharp, intense peakjat= 0.333 nn1, suggest that microphase separation has occurred, but the
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Figure 6. Left: SAXS profiles of a neat P8-dPMMA copolymer

. ) ) (M, = 86 kg/mol andiss = 0.75) (A) and the copolymer wherel7%
Figure 5. Left: SAXS profiles for a neat dPB-dPMMA copolymoer of carbonyl groups coordinate to lithium ions (B), after thermal
Of sarbonyl 4roups Coordinate to Ithium fons (), afir anmealing a 2NEaing at 170C for 2 days followed by quenching o room
170°C for 2 days followed by quenching to room femperature. Right: temperature. Right: corresponding TEM images.

corresponding TEM images.

q (nm")

ordering was also observed previously in a well-separated
spherical microdomains pack in a liquidlike state. Inducing a symmetric P&-PMMA copolymer!® Besides the enhanced
DOT by lithium—PMMA complexes in both symmetric and ordering, the increase in the microdomain spacing is another
asymmetric copolymers further substantiates the conclusion thatcommon effect associated with the formation of ionic com-

the overall segmental interaction parameggris significantly plexes. This may arise from two possible effects: the stretching
increased by the formation of ionic complexes. of the copolymer chains due to the enhanced seghrsagment
OOT from Spheres to Cylinders. A dPSh-dPMMA co- interactiot*~1728 or the volume fraction of the additives, such

polymer with a molecular weight of 128 kg/mol and dPS volume as homopolymer&-31 nanoparticle$? or small organic mol-
fraction of 0.88 near the phase boundary between the sphericakecules®®3* To form a high concentration of ionic PMMA
and cylindrical microdomains was used to examine the pos- complexes, the volume of added salts is calculated to abott 0.1
sibility of order-to-order transitions. The SAXS profile for the 0.3% of the copolymer volume, whereas the microdomain
neat copolymer shows two peaks located gt and 52 spacing usually increases by2 nm, leading to an increase of
(Figure 5A), suggesting a spherical microdomain morphol- 4—6% in volume, an order of magnitude higher than the volume
ogy 2425 However, the SAXS profile for the copolymer with  of added salts. Therefore, we attribute these striking effects seen
lithium—PMMA complexes is distinctly different. The first-order  in the ordering and spacing of lamellar microdomains mainly
Bragg reflection shifts from 0.144 nmhfor the neat copolymer  to the increase in overall segmental interactign
to 0.127 nm?, and peaks appear atl 3V2q*, 7Y2g*, and The increased ordering and microdomain spacing were further
122, which is characteristic of a hexagonal symmetry (Figure examined in bulk and thin films of asymmetric copolymers with
5B), indicating that the liquidlike packing of spheres changes cylindrical and spherical microdomain morphologies. The SAXS
to either hexagonally packed cylinders or spherical micro- profile for the neat P®PMMA copolymer with a molecular
domains packed on a hexagonal lattice due to the formation of weight of 86 kg/mol and a PS volume fraction of 0.75 shows
lithium—PMMA complexes. Real-space observations by TEM three peaks atdt, 3Y2q*, and 7/2q* (Figure 6A), indicating a
were performed to complement the SAXS. The TEM image of hexagonally packed cylindrical microdomain morphology.
the neat copolymer shows only liquidlike packing of spheres PMMA cylinders are distributed in a PS matrix in the corre-
(Figure 5a), consistent with the SAXS data. At a high sponding TEM image (Figure 6a), with poor ordering and weak
concentration of lithiumrPMMA complexes formed in the  contrast, due to the broad interphase between two microdomains
copolymer ¢27% for this case), the hexagonally ordered (~5 nm)35 After lithium—PMMA complexes are formed in the
cylindrical microdomains are seen, demonstrating that an OOT copolymer, the higher ordered reflections &&@ and 72
occurs (Figure 5b). The OOT induced by lithitrRMMA become more intense (Figure 6B), suggesting that the PMMA
complexes can be more clearly seen in the concentration-cylinders packed more orderly, which is in a good agreement
dependent experiments (see Supporting Information). Thus, allwith the observation of the higher ordering and better contrast
these results confirm the occurrence of an OOT from spheresby TEM (Figure 6b). Additionally, the increase in the micro-
to cylinders. domain spacing is reflected in the decreasepirfrom 0.170
Enhanced Ordering and Microdomain Spacing in PSbk- nm~1 for the neat copolymer to 0.163 nfor the copolymer
PMMA Copolymers. The TEM images show that, above the with lithium—PMMA complexes.
DOT, the ordering of the lamellar microdomains improves with A similar influence of lithium-PMMA complexes on the
increasing lithium-PMMA complexes (Figure 1c). What is  ordering of the microdomains is also observed in films by
more, the highly ordered multilayered structure in a copolymer GISAXS and TEM. Comparing GISAXS patterns for a neat
film can persist over-23 periods (Figure 3B), which has not copolymer film (Figure 7A) and the one containing lithittm
been observed in thin films of a neat microphase-separatedPMMA complexes (Figure 7B), a scattering ring, arising from
copolymer with a higher molecular weig#t?’ Similar enhanced randomly oriented cylinders in the films (marked A), is observed
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Figure 7. Left: GISAXS patterns of thin films of a neat RSPMMA copolymer M, = 86 kg/mol andizs= 0.75) (A) and the copolymer where
~17% of carbonyl groups coordinate to lithium ions (B), after thermal annealing at@70r 2 days. Right: corresponding TEM images.

in both cases, but the scattering ring from the films with
lithium—PMMA complexes is much weaker than that from the
neat copolymer films. In addition, two diffraction spots (marked
R1) on weakly developed semicircular lines appear in the
GISAXS pattern of the film with lithium-PMMA complexes.
They are attributed to the first-order Bragg peaks from cylindri-
cal microdomains lying in the film plane, demonstrating a
relatively large population of cylinders oriented in that direc-
tion.36 The corresponding TEM images confirm the GISAXS
observation in that more cylindrical microdomains oriented in-
plane are seen in the films with lithiutnPMMA complexes
(Figure 7b) than in the neat copolymer (Figure 7a). Thus, an
increase in the ordering of cylindrical microdomains is seen
with complexation.

The influence of lithium-PMMA complexes on the ordering
and spacing is also observed in the asymmetriddfB3AMA
copolymer M,, = 92 kg/mol and a PS volume fraction of 0.86)
that forms a spherical microdomains. The SAXS profile for the
neat copolymer shows three peaks at, 22q* (very weak),
and 32g* (Figure 8A), indicating a spherical microdomain
morphology. Similarly to the case of the cylindrical forming
PSh-PMMA copolymer, the SAXS profile for the copolymer
with lithium—PMMA (Figure 8B) shows a more distinguishable
higher order reflections at2q* and 3“2* with a decrease in
g* from 0.217 nnt? for the neat copolymer to 0.205 nrh
The corresponding TEM images indicate a significantly en-
hanced ordering for the copolymer with lithishPMMA

q*=0217 nm’

=

2“;“:
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0.6
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Figure 8. Left: SAXS profiles of a neat PB-PMMA copolymer M,
= 92 kg/mol andfps = 0.86) (A) and the copolymer where27% of
carbonyl groups coordinate to lithium ions (B), after annealing at 170
°C for 2 days followed by quenching to room temperature. Right:
corresponding TEM images.

0.3 0.9

Influence of Copper—PMMA Complexes. Carbonyl groups
in PMMA can interact with different metal ions, such as?Cu

complexes, as evidenced by the highly ordered spherical C&", and PB™, to form ionic complexe$® Copper-PMMA
microdomains packed in a body-centered-cubic (bcc) lattice complexes were formed in a symmetric BMMA copolymer

(Figure 8b). In films, the GISAXS pattern of the neat copolymer
film shows several diffraction spots (Figure 9A), which are
characteristic of a bcc structure, according to a recent réport.

with a molecular weight of 62 kg/mol to study the influence of
different ionic complexes on the phase behavior otFFREBVIMA
copolymers. Figure 10 shows SAXS profiles and TEM images

These Bragg diffraction spots, however, are elongated andof the neat copolymer and the copolymer wher&7% and
distorted in that position-disordered spheres exist in the bcc ~27% of the carbonyl groups have been complexed with copper

lattice, as indicated by the TEM images (Figure 9a). In contrast,

the GISAXS pattern of the film with lithiumPMMA com-

ions, respectively. The first-order Bragg reflectrshifts from
0.181 nn1! for the neat copolymer to 0.176 nfor the

plexes (Figure 9B) exhibits much sharper Bragg reflections copolymer with copperPMMA complexes and the intensity

without any distortion, consistent with the cross-sectional TEM
image showing PMMA spherical microdomains are nearly
perfectly packed in a bcc lattice (Figure 9b).

of 2g* and 3g* relative to g* increases, indicating that the
microdomain spacing and degree of ordering are enhanced by
the formation of copperPMMA complexes. The increased
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Figure 9. Left: GISAXS patterns of thin films of a neat REPMMA copolymer M, = 92 kg/mol andirs = 0.86) (A) and the copolymer where
~27% of carbonyl groups coordinate to lithium ions (B), after thermal annealing at@70r 2 days. Right: corresponding TEM images.

Conclusions

¢ I

L h‘ .\ : We have shown the influence of ionic complexes on phase

g behavior of PS-PMMA copolymers in the bulk and thin films.

DOT in both symmetric and asymmetric BSRMMA copoly-
mers was seen, indicating that the overall segmental interaction
xeft 1S significantly increased as a result of ionic complex
formation. The enhanceg; leads to the occurrence an OOT
from spheres to cylinders and an increase in ordering and
spacing of copolymer microdomains. Concentration-dependent
studies demonstrated thats highly dependent on the concen-
tration of ionic complexes, providing an additional tool to tune
the degree of microphase separation of PBMMA copoly-
mers. Furthermore, the addition of transitional metal ions, which
can be reduced to metal particles, makes it possible to
incorporate different functionalities into copolymers, offering
a way to fabricate luminescent, electric, magnetic, and nonlinear
optical materials.
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Supporting Information Available: Typical FT-IR absorption
spectra for P$&-PMMA copolymers with lithium complexes, a
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