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In-situ steady-state fluorescence (SSF) measurements were performed for studying diffusion processes of
pyrene end-capped polystyrene (Py-PSt) in gels formed by free radical cross-linking copolymerization (FCC)
of styrene (St) and ethylene glycol dimethacrylate (EGDM) in toluene solutions. The pyrene end-capped
polystyrene was prepared by atom transfer radical polymerization (ATRP). The process involves the synthesis
of 1-pyrenylmethyl 2-bromopropanoate (PMBP) and further use in the ATRP of St in conjunction with CuBr/
2,2-bipyridine (bpy) as the catalyst. Pyrene end-capped polymers with low polydispersities<(R[J)

were obtained and characterized by GRCNMR, and fluorescence spectroscopy. Gels were prepared at 70

+ 2 °C for various EGDM contents. After the drying of these gels, diffusion experiments were performed in
toluene solution of Py-PSt in various molecular weights at room temperature in real time by monitoring of
pyrene fluorescence intensity. During these experiments, it was observed that pyrene emission intensities
increased due to trapping of Py-PSt chains into the gel as the diffusion time is increased —Tamaka
equation was employed to produce the diffusion parameters. Diffusion time constanfsPy-PSt chains

were found to be increased as the cross-linker density of the gels and molecular weight of Py-PSt chains
increased. It was observed that collective diffusion coefficibgtdecreased by increasing molecular weight

Mn by obeying theD; ~ M1 law.

Introduction cal mediated polymerization) (NMP), atom transfer radical

Polymers containing appropriate fluoresent or phosph0rescentpolymenzat'?_ﬁf8 * (ATPR), and reversible addition fragmgnta—
group such as anthracénéand pyren&® have been prepared _tlon _tra!nsfe% (RAFT) processes are well-known technlqugs
and investigated by many authors. The interest in these polymerd" this field. Among them ATRP has been proven to be effective
is mainly due to the expectations to create fluoresent probesfor & wide range of monomers and appears to be a powerful
and photoresponsive materials using the photosensitivity of tool for polymer chemists, providing new possibilities in
anthracene and pyrene. structural and architectural design and also allowing polymers

The control of po|ymerization is extreme|y crucial from the with desired fuctional groups. It involves reversible homolytic
synthetic point of view. During the past five decades, the use cleavage of a carberhalogen bond by a redox reaction between
of living polymerization processes has revolutionized the an organic halide (RX) and a transition metal. The synthesis
synthesis of polymers with well-defined structures, i.e., con- of polymers with pyrene chromophoric groups with various
trolled composition, molecular weight distribution, and func- polymerization techniques has been described. However, to the
tionality. The controlled/living polymerization techniques in best of our knowledge, preparation of such polymers by ATRP
anionic, cationic, metathesis, and group transfer have beenhas not yet been reported.
develpped. Howe_ve_r, besides high-purity requirements these Polymer networks or gels are known to exist generally in
techniques are limited to certain monomers and exclude 4 forms, swollen and shrunken. Volume transitions occur

monomers that polymerize by other mechanisms. Conventionalpeyeen these forms either continuously or in sudden jufts.
free radical polymerization on the other hand is applicable to The equilibrium swelling and shrinking of gels in solvent has

most vinyl monomers a_nd less sensitive to _the_ reaction condi been extensively studigd-23 On the other hand, investigation
tions. However, conventional radical polymerization suffers from S . . .

: - of phase equilibrium in ternary systems involving cross-linked
some defects, i.e., the control of the reactivity of the polymer- | a linear bolvmer. and lvent has been of interests for
izing monomers and in turn the control of the structure of the gel, a finear polymer, and a solvent has been ot interests 1o

many years. In general, swelling of a cross-linked polymer

resultant polymer. Controlled radical polymerization has recently . .2 )
become an established method to obtain various pcﬂymernetwork by mobile polymer chains in solvent can be interpreted

architectures such as block, graft, and star and gradient/statistical’y the Flory-Rehner theor§! It has been found that the Flory
copolymers, hyperbranched polymers, and inorganic/organic Huggins interaction parameter for the pure swollen network is

hybrids. Nitroxide-mediated polymerizatin!2 (or stable radi- ~ Usually much larger than in the corresponding un-cross-linked
system. A swollen polymeric gel immersed in the solution of a
T Part of the special issue “A. C. Albrecht Memorial Issue”. linear polymer shrinks as the concentration of the linear polymer
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tion of the polymer in the continuos medium. Bastide et al. was reported. Additionally, their diffusion into a polymeric gel
studied volume change of polystyrene gel in a toluene solution with the emphasize on the molecular weight dependence has
of mobile polystyrene at high and low concentrations and been investigated to understand the nature of the diffusion
interpreted the shrinking behavior of the gels on the basis of mechanism in swollen gels. Therefore, chain diffusion processes
scaling concept® An equation of state for ternary systems was into gels with various cross-linker content formed by free radical
derived’ by means of which the interaction parameter can be cross-linking copolymerization (FCC) of styrene and ethylene
deduced. Partitioning of the mobile polymer chains between glycol dimethacrylate (EGDM) were studied in polymer solu-
the solution and the gel was studied to understand the effect oftions. Polymer solution was prepared using Py-PSt chains in

the molecular mass on the partition coeffici&h€oncentration- various molecular weights in toluene. In-situ steady-state
dependent collapse of single chains in the semidilute solution fluorescence (SSF) experiments were performed by monitoring
of incompatible polymer was studied theoreticgiland ex- of Py fluorescence intensity during diffusion of chains into the
perimentally3® More recently diffusion of liquid polystyrene  gels. The diffusion time constante, and collective diffusion
into a glassy poly(phenylene oxide) was repofed. simple coefficients,D., were measured by employing the-tTanaka

physical model is proposed to correlate and predict diffusion model.
rates assuming a relatively rapid dissolution of the high

polymer at the liquid-solid interphase. For a long time, the  Tpheoretical Considerations

common belief has been that the mobile chains do not penetrate

into gel, even if they are compatible with the cross-linked chains.  Itis known that the kinetics of swelling of a polymer network
Experimentally it is hard to discriminate between a thermody- or gel should obey the following relatiof:

namic and a kinetic behavior. However in all cases, the chains

reptate only slowly inside the gel. Brochard studied the partition W(t) Z ym

phenomenon on the basis of the extended Flory model and the W =1- > Be 1)
scaling theory where three different regimes were distiguiShed.

0 n=
The swelling kinetics of chemically cross-linked gels can be HereW(t) andW., are the swelling or solvent uptake at tithe

underst_ood by %9273"][6””9 the osmotic pressure Versus theand at equilibrium, respectivelyM(t) can also be considered
restraining forcé3-37 The total free energy of a chemical gel

- - . as a volume difference of the gel between the tiraed zero.
consists of bulk and shear energies. In fact, in a swollen gel

. : Each component of the displacement vector of a point in the
bulk energy can be (_:haractenzed by the osmotic bulk modulus o vork from its final equilibrium location after the gel is fully
K, which is defined in terms of the swelling pressure and the

| fracti £ ol . he oth swollen decays exponentially with a time constantvhich is
volume fraction of polymer at a given temperature. On the other independent of timé. HereB, is given by the following rela-

hand, the shear energy which keeps the gel in shape can bg;, .33
characterized by shear modul@sHere shear energy minimizes

the nonisotropic deformations in gel. A theory of the swelling 2(3— 4R)
of gel networks was first derived from the theory of elasticity B,=— (2)
by Tanaka, Hocker, and Benedek (THB)Tanaka and Fill- a,"— (4R-1)B-4R)

more* employed that theory to describe the swelling kinetics ) ) ) o

of spherical gels, assuming that the shear modulus of the gel isHereR is defined as the ratio of the shear and the longitudinal
negligible compared with the osmotic bulk modulus. Their ©Smotic modulusk = G/M. The longitudinal osmotic modulus,
model led to a relaxation time proportional to the square of the M. IS @ combination of shea6, and osmotic bulk moduli,
linear size of the gel and inversely proportional to the collective M = K + 4G/3, anda, is given as a function R as follows:
diffusion constant of the network. Later, Peters and Caffdau

extended Tanaka and Fillmore’s model to long cylindrical and R= Ando(ctr)
large disk gels for which the shear modulus cannot be neglected. Ji(a)
Li and Tanak& developed a model where the shear modulus

plays an important role, which keeps the gel in shape due to HereJy andJ; are the Bessel functions. In eq1h,is inversely
coupling of any change in different direction. This model proportional to the collective diffusion coefficiebX; of a gel
predicts that the geometry of the gel is an important factor and disk and is given by the relatio:

swelling is not a pure diffusion process.

Several experimental techniques have been employed to study = 3a° (4)
the kinetics of swelling, shrinking, and drying of chemical and " D2
physical gels among which are neutron scattetfrgasielastic o
light-scatteringf* and in-situ interferometrfé measurements.  Here the diffusion coefficienDy, is given byD. = M/ = (K
The steady-state fluorescence (SSF) technique has been applied 4G/3)f, f is the friction coefficient describing the viscous
for studying swelling and drying kinetics in disk-shape gét8® interaction between the polymer and the solvent, and
Fast transient fluorescerféé®and optical transmissidhtech-  represents half of the disk thickness in the final infinite
niques were also used in our laboratory to study swelling kinetics equilibrium which can be experimentally determined. The series
in pure solutions. Recently the molecular weight effect on given by eq 1 is convergent. The first term of the series
swelling of poly(methyl methacrylate) gels in homopolymer expansion is dominant at largewhich corresponds to the last
solutions was studied using the SSF technifue. stage of the swelling. As seen from eq 4, is inversely

In this work diffusion of pyrene end-capped polystyrene proportional to the square of,, wherea,,'s are the roots of the
Py-PSt homopolymers into polystyrene gels were studied. Here,Bessel functions. Ih > 1, a,, increases and, decreases very
the synthesis of well-defined pyrene end-capped polystyrenerapidly. Therefore, kinetics of swelling in the limit of larger
via ATRP using 1-pyrenylmethyl 2-bromopropanoate (PMBP) if 7. is much larger than the rest @f3 all high-order terms
as the initiator and CuBr/2dipyridine (bpy) as the catalyst (n= 2)in eq 1 can be dropped so that the swelling and shrinking

1+ 3)
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TABLE 1: Synthesis of Polystyrened with Pyrene End
Groups by ATRP

conversion
polymer react ratid (%) Mnt Mngpc(PDI)Y  Mnawg?
Py-PStl1  130/1/1/3 30 4495 4980 (1.18) 4925
Py-PSt2  100/1/1/3 67 7345 7540(1,19) 6365
Py-PSt3  200/1/1/3 40 8760 9654 (1.15) 8520

aTemperature 110C; reaction time 4 h; bulk® [PStl/[PMBP]y/
[CuBr]o/[bpy]o. ¢ Determined by GPC relative to polystyrene standards.
9 Mnnur is calculated by assuming that only one pyrene group is
incorporated into each polymer chain.

can be represented by the first-order kinetith this case eq
1 can be written as

W(t)
W

<)

=1-Be '™

®)

Equation 5 allows us to determine the parame®rsand .
from the experimental data.

Experimental Section

Materials. 1-Pyrenealdehyde, NaBH 2-bromopropanoyl
bromide (Aldrich), pyridine (py) (Lab-scan), CuBr (Aldrich),
2,2-bipyridine (Aldrich), and EGDM (Merck) were used as

J. Phys. Chem. A, Vol. 107, No. 40, 2008365

IR (cm™1): 3200-3600 (broad) (OH), 1005 (EOH). These
peaks were absent in the spectrum of 1-pyrenealdehyde.

Synthesis of Pyrene End-Capped Polystyrene (44 three-
neck round-bottom flask equipped with a magnetic stirrer was
used. The system was heated under vacuum and back-filled with
dry nitrogen three times.

CuBr (0.0285 g, 0.2 mmol), bpy (0.0927 g, 0.6 mmol), and
initiator PMBP @) (0.0726 g, 0.2 mmol) were added to bulk
styrene (3 mL, 26 mmol) in a three-neck round-bottom flask
under nitrogen atmosphere. The flask was then immersed in a
thermostated oil bath at 1@ and stirred. After a given time,
the mixture was diluted with THF and was passed through a
column of basic aluminum oxide to remove the catalyst, part
of the solvent was evaporated, and the rest was precipitated
into methanol. The product filtered off and dried in vacuo.
Reaction conditions and the results are given in Table 1.

Analysis of the Polymers.!H NMR spectra were recorded
on a Bruker 250-MHz spectrometer with CRGls a solvent
and tetramethylsilane as an internal standard. Gel permeation
chromatography (GPC) analyses were performed with a Polymer
Laboratories Agilent model 1100 instrument consisting of pump,
RI, and UV detector and four Waters styragel columns HR5E,
5E, 3, and 2. THF was used as an eluent at a flow rate of 0.3
mL/min at 30°C.

Preparation of Polystyrene Gel.The radical copolymeri-

received. Styrene were purified by the usual methods and zation of St and EGDM was performed at 202 °C in the

distilled in vacuo over Capdl 2,2-Azobis(isobutyronitrile)
(AIBN) was purified by recrystallization from ethanol. Dichlo-
romethane (CECl,) (Lab-scan) was distilled over Cahprior
to use.

Synthesis of 1-Pyrenylmethanol (1)1-Pyrenemethanol was
synthesized by the reductithof 1-pyrenealdehyde in the
presence of NaBiH Mp: 126-127 °C. Yield: 92%.

IH NMR (CDG;) (6, ppm): 8.277.93 (m, 9H, pyrenyl), 5.29
(s, 2H, CH), 2.21 (s, broad, 1H, OH).

Synthesis of 1-Pyrenylmethyl 2-Bromopropanoate (3)A
1.63 g (7 mmol) amount of 1-pyrenylmethana) @nd 0.8 mL
(770 mmol) of py were dissolved by heating in 20 mL of dry
CH.Cl,. Then the reaction mixture was allowed to arrive at room
temperature and 1 mL (0.01 mol) of 2-bromopropanoyl bromide
(2) in 5 mL of CH,Cl, was added under nitrogen, during 0.5 h.
The reaction was maintained with stirring at room temperature
for 8 h. After that period, the insoluble formed salt was filtered
off and the solution was washed with a mixture of water/HCI
(80/20 v/v) and several times with water. The solvent was

removed by rotaevaporatory, and the crude product was redi-

presence of 2;2azobis(isobutyrronitrile) (AIBN) (0.26 wt %)

as an initiator. Samples were deoxygenated by bubbling nitrogen
for 10 min, and then radical copolymerization of St and EGDM
was performed at 78- 2 °C. After gelations were completed,
the gel samples were dried under vacuum and cut into disk-
shaped gels for the swelling experiments. Here two different
gels with the two different EGDM contents (0.5 and 1.0 vol
%) were used for the diffusion experiments.

Fluorescence Measurements for Diffusion.Steady-state
fluorescence (SSF) measurements were carried out using Perkin-
Elmer model LS-50 spectrofluorometer. All measurements were
made at the 90position, and slit widths were kept between 4
and 10 nm. In-situ swelling experiments were performed in a 1
x 1 cm quartz cell at room temperature. Gel samples were
attached to one side of the quartz cell by pressing the disk with
thin steel wire. Initially the quartz cell was filled with a toluene
solution of Py-PSt. This cell was placed in the spectrofluorom-
eter. Gels were left in the cell, and then polymer solution was
removed by a pipet for fluorescence measurements. These
snapshot diffusion experiments were repeated during the

solved in benzene and passed through a silca gel column. Thepenetration of Py-PSt into the PSt gels. Figure 1a,b presents

first, white fraction was retained, and after evaporation of the
solvent, a white powder was obtained.

IH NMR (CDCl) (6, ppm): 8.27-7.99 (m, 9H, pyrenyl),
5.907 (s, 2H, CH), 4.46-4.38 (q, 1H, CH), 1.841.81 (d, 3H,
CHjy).

TABLE 2: Experimentaly Measured Parameters for the Diffusion

the diffusion process and fluorescence measurements, respec-
tively. The initial thicknesses of these disk-shaped gels were
around 0.21 cm. The initiab(, m) thicknesses and weights are
listed against EGDM contents in Table 2 for there different
molecular weights of Py-PSt polymer chains.

of Py-PSt Chains into the Poly Styrene Gefs

polymer m (9) m (Q) di (cm) dr (cm) 7c (Min) 107°Dc (cnPs™?)
0.5 vol % EGDM

Py-PStl 0.06 0.31 0.21 0.30 83 0.48

Py-PSt2 0.06 0.33 0.21 0.36 138 0.25

Py-PSt3 0.06 0.33 0.21 0.37 98 0.33
1.0 vol % EGDM

Py-PStl 0.06 0.32 0.21 0.36 90 0.34

Py-PSt2 0.06 0.29 0.21 0.35 155 0.19

Py-PSt3 0.06 0.24 0.21 0.33 109 0.24

am, di: initial weight and thicknessm, di: final weight and thicknessMl,: average molecular weight of Py-PSt chaing.Dc; time constant

and collective diffusion coefficient. EGDM: cross-linker.



8366 J. Phys. Chem. A, Vol. 107, No. 40, 2003 Erdogan et al.

10

(a) (a)

J < solution

pyrene intensity (au)

15
1 /<
PS-Gel

(b)
B
Y z
£ £
s{ E
\ 2

wavelenght (nm)

Figure 2. Pyrene emission spectra produced from (a) Py-PStl and
(b) Py-PSt2 in 0.5% EGDM content gel at various diffusion steps. The

Tis — Ip number on each curve presents the time of diffusion in minutes.

SCHEME 1

PS-Gel

6 H,OH
U 1

Figure 1. Fluorescence cell in a spectrofluorometer for the monitoring
of gel: (a) gel in the polymer solution; (b) polymer solution removed
by pipet for fluorescence measurements.
H,
. Br—C—(p—Br | Pyridine, CH,Ch
During the fluorescence measurements the wavelength of the I
excitation light was kept at 345 nm and pyrene spectra were 2

monitored at each diffusion step. The Py spectra from Py-PStl

and Py-PSt2 in 0.5% EGDM content gels are shown in Figure H;
2a,b at various diffusion steps, respectively. To quantify the 6 H,0—= ¢ —Ch—Br
fluorescence data the maximum intensity, at 395 nm was QQO O 3
used during diffusion experiments. No shift was observed in

the wavelength of maximum intensits, of Py. Gel samples

were kept their transparencies during the diffusion experiments. St was polymerized in bulk at 11 via ATRP using PMBP

(3) and CuBr/bpy as the catalayst (Scheme 2). The volume of
styrene was the same in each ATRP system, and the molar ratio
of PMBP to CuBr to bpy was always 1/1/3.

Synthesis of Pyrene End-Capped Polystyrend.his paper Figure 3 shows the GPEJV and RI chromatograms of the
describes the synthesis of pyrene end-capped polystyf@ne ( polymer I. The labeling of PSt by pyrene is assessed by GPC
with low polydispersities. In the synthesis, the new pyrene- analysis with a double dedection. Signals recorded by the UV
containing initiator, PMBPJ) (Scheme 1), was synthesized by dedector at 345 nm are due to the absorption of pyrene end
reacting 1-pyrenylmethanal) with 2-bromopropanoyl bromide  groups. Superimposition of the traces recorded by both methods
(2). It is purity and structure were confirmed Byl NMR and clearly indicates that the pyrene moiety has been chemically
IR. incorporated in to the polymers.

Results and Discussion
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SCHEME 2
CH °
H,0—C —(':HiBr + CH=cH —10C o H o—c-gEiECH —CH-Br
06 él) 2 CuBr /Bpy 6 2 I z n
. s 0 b o
3 4

TheMp ccpand PDI for polymers are listed in Table 1. Table is W.. The relation between solvent uptake and fluorescence
1 shows a relatively good correlation between the GPClaind  intensity from the gel is given by the following relation:
NMR data regarding the molecular weight of the polymers. The
molecular weights determined by GPC and NMR are close to W i ©6)
those calculated from the ratio of monomer to initiator. This W,
confirms that the polymer chains are quantitatively functional-
ized to generate the desired pyrene-end capped polystyreneswith the combination of eqs 5 and eq 6, the following useful
Polydispersities of the polymers are also low as a result of the relationship can be obtained:
ATRP mechanism. Figure 4 (parts a and b) showsthBIMR
spectra of PMBP and Py-PStl. The typical proton signals of In(l _ |_p) —InB. — t )
the pyrene moiety in Figure 4a are also seen in the spectrum of | Yo,
the polymer at 7.98.2 ppm (Figure 4b) indicating that pyrene
units have been successfully attached to the polymer chain.The data in Figure 6 are plotted in Figure 7a,b according to eq
Moreover, Figure 5a,b shows the fluorescence emission spectray for Py-PStl and Py-PSt2 in 0.5% EGDM content gels,
of the initiator, PMBP, and PSt obtained therefrom in toluene respectively. The linear regression of the curves in Figure 7
at room temperature, respectively. Both spectra show the provides us withB; and 7. values. Taking into account the
vibrational structures of the pyrene chromophore. These spec-dependency oB; andR, one obtaing values, and frona;—R
troscopic investigations suggest that pyrene groups weredependencey; values were produced.Then using eq 4 fon
conserved under the polymerization conditions. =1, collective diffusion coefficient)., were determined. Here
Diffusion of Pyrene End-Capped PolystyreneThe pyrene the time constants, is the measure of diffusion (penetration)
emission intensities), (395 nm), from the Py-PStl and time of Py-PSt chains into the swollen gel. The produced
Py-PSt2 in 0.5% EGDM content gel against diffusion time are and D, values are listed in Table 2 for Py-PSt chains. Figure
plotted in Figure 6a,b, respectively. The points in Figure 6 were 8a,b presents the andD. values versus molecular weig,,
obtained during in-situ fluorescence experiments described in respectively. It is seen in Figure 8a that high molecular weight
Figure 1b, where Py-PSt chains were trapped in the swollen Py-PSt2 chains penetrate (diffuse) into the PSt gel much slower
gel. As seen in Figure 6, trapping of Py-PSt chains in the swollen
gel increases as the diffusion tinteis increased. Since pyrene d
intensity, I, is proportional to the number of Py-PSt chains
trapped in gel, solvent uptak®g andW., can be considered to

poo,

b [3
CHy-0-CO-CH-Br

be proportional td, andl ., respectively, during the diffusion (@) ¢l
process. Herép. represents the pyrene intensity at the equi- ;
librium state of diffusion where solvent uptake by swollen gel _a

cﬁ;—o—co—q‘f{(cﬁ,—cr‘{)c;ji;—cﬁ—nr
P *w'o

—_—
a

(b)

cpeyy

—_ d
[T IS RS ST RS }Wt_) b_ k

36 38 40 42 44
Elution time (min)

Figure 3. GPC trace for Py-PSt1, withl, = 4980 andM,,/M, = 1.18. Figure 4. *H NMR spectra of initiator (a) PMBP and (b) Py-Pst1 in
Detectors: (a) RI; (b) UV absorption at 345 nm. CDCls.
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Figure 5. Plot of the fluorescence emission spectra of (a) the initiator,
PMBP, and (b) Py-PSt1, respectivelye{ = 345 nm).
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Figure 6. Plots of the pyrene emission intensities from (a) Py-PStl
and (b) Py-PSt2 in 0.5% EGDM content against the diffusion time.
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Figure 7. Linear regressions of the data presented in Figure &a,b.
and 7. values were obtained from the intersections and slope of the
plots.

values in Figure 8b supports the above findings, namely
diffusion of high molecular weight Py-PSt chains into PSt gel
is much slower than diffusion of low molecular weight chains.
Mobility of Py-PSt chains in loose gels is also much higher
than in dense gels. Here, one would like to see the relation
betweerD, andM,. The logD.—log M, plot in Figure 9 shows
a good linear relation. The slope of the linear relation in Figure
9 produces—0.99 + 0.05 and—0.91 + 0.06 for densely and
loosely formed gels, respectively, which can be offer us the
following relationship betwee®. and M, values:
D~ M, (8)
To interpret the relation in eq 8, the molecular weigh,
between cross-links of the PSt gels were determined by using
Flory—Rehner equatio?t M = 17 000 and 12 500 g mot
were calculated for the loose (0.5% EGDM) and dense (1.0%
EGDM) gels, respectively. Since the molecular weights of the
Py-PSt chains are much lower than Wgvalues for both gels,
then one may conclude that the reptation motion should be ruled
out for the diffusion model. In other words, Py-PSt chains
diffuse into the PSt gels similar to small molecules obeying
Fickian diffusion and eq 8. In fact it has been well established
that the diffusion coefficients of dispersed dyes in cellulose
acetate decrease with increase in molecular wefgtBgsides

than low molecular weight Py-PSt1 chains as expected. On thethat molar masses of Py-PSt chains are much lower than the
other hand penetration of Py-PSt chains into the dense gels (1%entanglement molecular weight of PSt, which also predict that
EGDM) takes much longer than they do into loose gels (0.5% Py-PSt chains obey Fickian diffusion and diffuse in the PSt gel

EGDM) for all molecular weight chains. The behavior Df

like a small molecule.



Diffusion of Pyrene End-Capped Polystyrene

60 ¥ 05%EGDM
O 1%EGDM %
140 - %
E 120
= 7
100 T
80 | $
60 T T T
5000 7000 9000
5
v v 0.5%EGDM
O 1%EGDM
4 -
1 5 ;
Fd
5, 3
e
e = v
a
27 O
1 T T T
5000 7000 9000

Figure 8. Plots of (a)zc and (b)D. values versus molecular weight,
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Figure 9. log—log plot of D, versusM,. The slope of the linear relation
produces the values 6f0.99 and—0.91 for the gel samples containing
0.5 and 1.0% EGDM contents, respectively.

On the other hand, toluene-guided Py diffusion into the PSt
gel made with 1.5% EGDM has produced larggivalues (0.63
x 1075 cn? s71)53 than that were observed in this work. The
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diffusion is much slower than the small molecule diffusion into
the similar get-solvent systems.

In summary, this work presents the molecular weight
dependence of polymer penetration into the polymeric gels
immersed in a good solvent. It is observed that higher molecular
weight chains diffuse into the polymer network much slower
than the low molecular weight chains. On the other hand, low
molecular weight polymer chains diffuse much quicker than high
molecular weight polymer chains in the polymer network during
their diffusion. Here it is believed that direct fluorescence
technique can be used for real-time monitoring of the diffusion
processes. In this technique in-situ fluorescence experiments are
easy to perform and provide us quite sensitive results to
investigate diffusion of polymer chains during gel swelling in
homopolymer solution. Here it has to be also noted that
preparation of pyrene end-capped polystyrene via ATRP using
PMBP as the initiator and CuBr/2;Bipyridine as the catalyst
was reported first time. The produced polymer chains have
narrow molecular weight distribution as a result of ATRP, which
was desired for studying the diffusion mechanism in a polymeric
gel. It was also shown bjH NMR and GPC that one pyrene
group is attached to a single PSt chain which allowed us to
monitor individual chain diffusion in the gel system.
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