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Photon Correlation Spectroscopy (PCS) was used in order to characterize the fluorescent ESIPT copolymers of Poly
(methyl-methacrylate)-Benzazole dyes in solution with chloroform and THF in dilute regime. The obtained intensity
autocorrelation functions, gy(t), were analyzed using the CONTIN software. The diffusional coefficient at infinite
dilution, D, the hydrodynamic radius, R, as well as the dynamic interaction parameter, ko were measured for the
samples in dilute solutions. The results are showing that the Benzazole dyes incorporation in PMMA does not affect the

polymer dynamicsin the dilute regime.

Introduction

The excited-state  intramolecular  proton-transfer
(ESIPT) phenomena have been widely studied in
chemistry, biochemistry and physics in recent years [1-
4]. Molecules emitting ESIPT fluorescence, as 2- (2-
hydroxyphenyl)benzazoles, have many uses as polymer
ultraviolet stabilizers [5], laser dyes [6] and fluorescent
probes [7]. According to, recently we described the
synthesis of new fluorescent monomers and its
copolymerization with methylmethacrylate [8] that yield
new fluorescent polymers with good thermal and optical
properties. In the present work we report dynamic light
scattering data obtained from PMMA-Benzazole dyes
copolymers dynamics in solution by Photon Correlation
Spectroscopy  (PCS). Six  copolymers with  different
Benzazole dye structure and dye incorporations as well
as PMMA were studied in dilute regime. The dynamics
properties obtained in a wide range of scattering angles
and concentrations ae showing that the dye
incorporation does not affect the copolymer dynamics
behavior if compared to the PMMA in this dilution
regime.

Experimental
Copolymer synthesis

The copolymer synthesis was made by heating a
solution of Benzazole-dyes in MMA using AIBN as
initiator. The initial temperature was 40° C and then
increased up to 60° C during 6 days. The samples were

than heated for 2 hours at 70° C and for 8 hours at 80° C
[8]. For the SLS measurement the copolymers were
purified by solubilization-precipitation (1:20 mL
solvent/non-solvent). The structure is depicted in Figure
1
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Figure 1. Chemica structure of the PMMA-Benzazole dyes
copolymers.

The polymer and copolymers were characterized by
Static Light Scattering (SLS) [9] were the weight
average molar weight (M,,) and the radius of gyration

(Rg) were determined. The values are given in Table 1.
The polidispersty (m,/mM,) obtaned by Sze
Excluson Chromatography (SEC) is aso given in
Table 1. In this work the overlap concentration has

Anais do 6° Congresso Brasileiro de Polimeros / IX International Macromolecular Colloguium 481



been defined as ¢ = A M, C and was found to be

aound 3 gt and 2 gk for the system using THF
and chloroform as solvent, respectively. The
Benzazoles dyes incorporation showed in Table 2 was
caculated using UV-vis data. It is assumed that the
coefficients do not change by Benzazoles incorporation
to the PMMA.

Table 1@ Weight average molar weight, M, x10°

(g'mol™) and radius of gyration, Ry (nm), obtained by
Static  Light Scattering (SLS).  Polydispersity
My/Mp obtained by Size Exclusion
Chromatography (SEC).

THF CHCI;

My/Mp? | My R | My, R

PMMA 137 166 623 | 171 69.8
Cop.1 1.39 171 661 | 173 67.0
Cop.2 132 164 633 | 175 66.9
Cop.3 133 166 662 | 177 67.2
Cop.4 145 169 674 | 178 73.2
Cop.5 128 163 654 | 178 65.5
Cop.6 1.39 179  66.7 | 175 67.5

3 Using polystyrene as reference.

Table 2: Benzazoles dyes incorporation, | (%).

Cop.l Cop.2 Cop.3 Cop4 Cop.5 Cop.6
19 360 29.5 24.3 497 263 617
3 Benzazole-dye incorporation taking in account the initial mass of
the Benzazole-dyes used in the copolymerization. Data obtained by
UV-vis as previous described.

PCS Experiments

Solutions of PMMA and copolymers were prepared in
THF and chloroform, with concentrations ranging
between 0.10 and 3 gt (dilute regime). They were
filtered using a 0.22 mm (13 mm diameter) Durapore®
membrane directly into the dust-free scattering cells.
Measurements were made at room temperature (20 °C)
using a Brookheaven Instruments Goniometer
BI200M/version 2.0 (200 mm) coupled to a BI9863
detection system. The intensity autocorrelation
functions, g(t), were obtained using a BISO00AT
correlator. As light source a 35 mW Spectra Physics
He-Ne Laser (model 127, | o = 632.8 nm) was applied.
The scattered light was analyzed in the angular range
between 25° and 145°, in steps of 15°.

Results and Discussion

Typical normalized intensity autocorrelation functions
Op)(t) are depicted in Figure 2 in dependence on the
scattering angle. They were obtained with a dilute
solution of the Copolymer 6 in THF as a function of
the scattering angle q. The inset represents the
functions for a dilute solution of PMMA. The gp)(t)

were analyzed by inverse Laplace transformation using
the Provencher’s CONTIN software [10].

Since the molar weight distribution (see Table 1) of the
samples was determined to be relatively small and the
samples have been previoudy purified, the values of G
should not be affected by the sample polidispersity.

The amplitude of the relaxation rates, G (s) can be
calculated, being related to the trandationa diffusion
coefficient D, through the relation [11]:
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Figure 2. Normalized intensity autocorrelation functions of the
Copolymer 6. [ 45°, & 60° O: 90° and D: 120°. The inset shows
the PMMA normalized intensity autocorrelation functions in THF
(20gL™.

A single exponential decay related to the polymer
chains trandational dynamics, can be observed for the
copolymers as well as for the PMMA. The same
behavior was detected for the solutions in chloroform.
The amplitude of the relaxation rates G (s*) depicted
in Figure 3 are showing a linear dependence on o7, with
zero intercept, as expected for a diffusive dynamics.

g/mm X1l

Figure 3: Relaxation rate Gas a function of g in the dilute regime. m:
PMMA/THF (2.0 gL, “: Copolymer 6/THF (2.0 gL, s:
PMMA/CHCI; (15 gL™) and ®: Copolymer 6/CHCI5 (1.5 gL™Y).
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Since D. depends on concentration, the diffusion
coefficient at infinite dilution, D, was calculated for
each sample extrapolating D. to zero concentration
[13]:

D, =D, (1+kyC), ©)
where kp is the dynamic interaction parameter that
describes the dependence of the trandational diffusion
coefficient on the concentration. The hydrodynamic
radius R, of the polymers in solution have been
caculated applying the well-known Stokes-Einstein
relationship [11]:

— kBT
° eph,R,
where kg is the Boltzmann constant, T is the absolute

temperature and the h, is the solvent viscosity. The
results are listed in Table 2.

: 4

Table 2: Diffusion coefficient at infinite dilution, D,
x10® (cm?s?), hydrodynamic radius R, (nm) and
dynamic interaction parameter ko (cm*.g?), obtained
by Photon Correlation Spectroscopy in the dilute
regime for the PMMA and copolymers.

THF CHCI;

Yeem  R k | De R ko

PMMA | 6.04 646 3974| 415 891 8759
Copl | 578 675 354.7| 373 992 8740
Cop.2 | 583 669 4185| 422 876 8246
Cop3 | 579 674 3946 410 902 8140
Cop4 | 567 688 3704| 387 956 8786
Cop5 | 553 705 409.1| 350 1057 828.6
Cop6 | 6.04 646 3725| 413 895 8364

Positive kp values means that THF and CHCI; are good
solvents [14] for the PMMA and the copolymers
studied. Another way, higher values of kp indicate that
CHCl;is a better solvent than THF.

Conclusions

The PMMA and Copolymers normalized
autocorrelation functions obtained by PCS in dilute
regime show a single exponential decay. The dynamics
is related to the polymer chain trandationa diffusion.
In this dilution regime, the Benzazole dye does not
affect the polymer dynamics.

The interaction parameter values obtained in dilute
regime indicate that THF and CHCI; are good solvents
for PMMA and copolymers, with CHCl; being the
better one.
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