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Poly(methacrylates) randomly labeled with pyrene;

Radical copolymerization: 1-Pyrenebutyl methacrylate + Monomer
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Fig. 3. <Nblob> values for pyrene labeled 
copolymers as a function of side-chain length. 
× polymethacrylates, × polyacrylate



Fig. 4. < Nblob> values for pyrene labeled 
copolymers as a function of side-chain 
lengths; × polymethacrylates, × polyacrylate

The dynamics of polymer chains in solution are
often invoked to rationalize the role of polymers
in a number of phenomena such as the shear-
thickening or thinning of solutions of viscosity
modifiers or the folding of proteins in aqueous
solution. Consequently, techniques capable of
characterizing polymer chain dynamics in
solution have attracted strong scientific interest.
This study uses pyrene excimer formation to
probe the internal dyanmics of several pyrene-
labeled poly(methacrylates).

The Kinetics for Pyrene excimer formation

hν is the energy of one photon
k1 is the excimer formation rate constant
k-1 is the excimer dissociation rate constant
τM is the lifetime of the monomer
τE0 is the lifetime of the excimer

Figure 1: Chemical structures of PC1A, PC1MA, PC4MA, PC8MA,
PC12MA, PC18MA.

Table-1: Molecular Weight and PDI of PC1A, PC1MA, PC4MA, PC8MA, PC12MA,
and PC18MA obtained by GPC.

0

50

100

350 400 450 500 550 600

Wavelength (nm)

Fl
uo

. I
nt

en
si

ty
 (a

.u
.) (A)

1

10

100

1000

10000

0 200 400 600 800

Time (ns)

Fl
uo

. I
nt

en
si

ty
 (a

.u
.) (B)

The steady-state fluorescence spectra and time-resolved fluorescence
decays acquired for a series of Py-PC12MA samples with different
pyrene content ranging from 1-10 mol% are shown in Figure 1.

Fig. 1. Steady-state fluorescence spectra of Py-PC12MA in THF;
Pyrene content decreased from top (10 mol%) to bottom (1 mol%). B)
Time-resolved fluorescence decay of Py-PC12MA in THF. Pyrene
content increased from bottom.

0.0

0.5

1.0

1.5

0 2 4 6 8 10 12 14 16

I E
/I

M

Pyrene content [mol %]

Fig. 2. A) IE/IM ratios for all polymers with increasing pyrene contents;▲P1MA,
■PC1MA, □PC4MMA, ●PC8MMA, ○PC12MMA, ▲PC18MMA. B) Slope of the IE/IM
of PC1A, PC1MA, PC4MA, PC8MA, PC12MA, and PC18MA . The slope reaches a
plateau as the side chain length increased from C4-C18.

Pyrene labelled PC1A, PC1MA, PC4MA, PC8MA, PC12MA, and
PC18MA were synthesized. The fluorescently labelled polymer samples
were studied using steady-state and time-resolved fluorescence. Two
important parameters, namely Nblob and kblob×Nblob, were determined with
the FBM analysis. For each polymer series, both Nblob and kblob×Nblob
remained constant within experimental error with pyrene content, but
their average value <Nblob> and <kblob×Nblob> decreased substantially with
increasing side-chain length, demonstrating that an increase in bulkiness
of the side-chain is associated with a pronounced decrease in chain
mobility.
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As the pyrene content of the polymer increases, more excimer is being
formed as shown in the fluorescence spectra. The fluorescence
decays of the pyrene monomer are shorter-lived reflecting enhanced
excimer formation.

A) B)

IE/IM increases linearly with increasing pyrene content, but the slope
decreases with increasing side-chain length due to slower internal
dynamics of the main chain. Quantitative information about the changes
in internal dyanmics are obtained from the global analysis of the
fluorescence decays according to the Fluorescence Blob Model (FBM).
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