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ABSTRACT: The Liu-Guillet model for diffusion-controlled intramolecular excimer formation and
dissociation has been previously used in treating experimental data with success. It has also been deduced
to give an expression for the rate constant of excimer formation similar to that derived from the Wilemski-
Fixman theory. Inthis paper,the Liu—Guillet model is shown to be able to explain the quantitative dependence
of the rate constant of a diffusion-controlled reaction on its Gibbs free energy change, a capacity unrivaled
by any conventional kinetic models in which a diffusion-controlled reaction is deemed to occur as soon as
two reactive molecules diffuse into one another within a so-called capture radius R,. Also examined in this
paper is the effect of sample imperfections, i.e., the presence of chains labeled with chromophores at one end
only and the presence of a distribution in molar masses of the chains, on the correct recovery of kinetic

parameters.

I. Introduction

In the first paper in this series,! the Liu—Guillet (L-G)
model for describing the kinetics of diffusion-controlled
excimer formation from and dissociation into two chro-
mophores, e.g., Py* and Py where Py represents pyrene
groups, attached to the opposite ends of a polymer chain
has been described in detail. In the model, excimer
formation has been assumed to occur due to the coming
together of the end groups under the influence of an
excimer interaction potential U(R) switched on by exciting
one of the end chromophores. The rate of excimer
formation according to the model depended on how the
end groups of a polymer chain were distributed relative
to one another or the end-to-end distance distribution
function P(R) at the time of end-group excitation, i.e., at
t =0. Thecloser the end groups are relative to one another
at t = 0, the faster the rate of excimer formation. Then,
the rate depended on the magnitude of the phenomeno-
logical relative diffusion coefficient D between the polymer
chainends. Thelargerthe D, the largeris therate constant.
The rate is also related to the shape and depth of the
excimer interaction potential U(R). The deeper the
potential well or the longer-ranged the attractive part of
the interaction potential is, the faster is the rate of excimer
formation. The study of the kinetics of excimer formation
of end-labeled chains in terms of the L—-G model, therefore,
should reveal information on P(R), D, and U(R).

Since intramolecular excimer formation in © solvents
for polymer chains connecting two end chromophores has
been discussed, P(R) has been assumed to be Gaussian?
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where R, is the root-mean-square end-to-end distance of
the chains. For a chain of finite length m,, the Gaussian
distribution function was normalized so that

P'(R) = P(R) = ["P(R) dR @)

@ Abstract published in Advance ACS Abstracts, November 1,
1993.

The excimer interaction potential has been assumed to
possess the general form!

U(R) = —¢,[2(R/R)" - (Ry/R)™] 3
where n, less than m, indicates that the attractive part of
the potential is longer-ranged than the repulsive part.

In the second paper of the series,’ transient monomer
and excimer emission intensity profiles Iy(t) and Ix(t)
after §-pulse excitation were: computer-generated using
the L~G model. The generated curves were then fitted
using equations of the Birks scheme:*

Iy(@) = a, exp(-t/7)) + a; exp(-t/7,) 4
and

IE(t) =a; exp(—t/1'3) + a, exp(-t/7,) 1))

In the above equations, a;’s and 7;'s, where ; takes values
from 1 to 4, are adjustable parameters and are functions
of rate constants ki, k_1, km, and kg of the so-called Birks
scheme:
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The validity of the Birks scheme in approximating the
transient intensity profiles computer-generated using the
L-G model was judged by how well the recovered fitting
parameters a;and \;, i.e., 1/, satisfy the following relations
derived by Birks:*

a, =-a, (6a)
Ay =X (6b)
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Ay = A, (6¢)

When the Birks scheme is valid, the rate constants kj, k_j,
and kg can be calculated using the following equations:*

AAs = U/DUY + X) = (Y- X0+ 4k k18 (D)

and
ay/a; = (X - M)/ (- X) (8)
where
X =ky+k )
and
Y=kg+k, (10)

Examination of a; and \; parameters obtained from
fitting the transient monomer and excimer emission
intensity profiles generated using the L-G model dem-
onstrated that equations of the Birks scheme were valid
in approximating these transient intensity profiles if the
overall deactivation rate of monomers and excimers was
slower than the relaxation rate of the polymer chain. The
faster chain relaxation criterion was approximately sat-
isfied by the systems, i.e., polystyrene chains of the
molecular weight range from 3000 to 10 000 labeled at two
ends with pyrene groups, studied by Winnik and co-
workers.5¢ The -G model thus explained the successful
use of equations of the Birks scheme in treating experi-
mental data.

In computing transient monomer and excimer fluores-
cence intensities of pyrene, n and m values of eq 3 have
been assumed to be 3 and 10, respectively. The relation
n = 3 was established experimentally and theoretically,
via quantum mechanic calculations, by Birks et al.* for
two pyrene groups approaching one another face-to-face
with overlapping center axes. It has been previously
argued that most pyrene groups in proximity should have
face-to-face configurations, because of their thermody-
namic favorability and kinetic feasibility.? Since the m
value would be 12 for two spherical atoms and 8 for two
infinitely large parallel planes, two pyrene molecules, each
with 16 coplanar carbon and 10 hydrogen atoms ap-
proaching one another in the face-to-face configurations,
should have an m value between 8 and 12. As previous
simulation studies® have indicated that m values in the
range of 8-12 had little effect on the magnitude of kinetic
parameters such as k; and k_; recovered, the m value has
been arbitrarily chosen to be 10.

Equations of the Liu—Guillet model were then used to
fit experimental decay curves monitored by Winnik and
co-workers, and reasonable relative end-group diffusion
coefficients D were obtained. Furthermore, the rate
constants for excimer formation k; recovered from ana-
lyzing transient monomer and excimer decay data com-
puter-generated using the L-G model obeyed the relation

k, « D/R} 1y

This is in agreement with the Wilemski-Fixman (W-F)
theory™? for harmonic spring chains.1%-16 The L-G model
was therefore deduced to give an expression similar to
that from the W-F theory for the rate constant of
intramolecular diffusion-controlled reactions.

In this paper, attention is drawn to one of the major
differences between the L-G theory and the W-F theory
or any other conventional kinetic theory!? for diffusion-
controlled reactions. Inconventional theories, a diffusion-
controlled reaction is deemed to occur as soon as two
reactive species come within a so-called effective reaction
radius R.. Conventional theories do not provide quan-
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titative predictions as to how R, and thus the rate constant
varies with the Gibbs free energy change AG for areaction.
The L-G theory is advantageous in this aspect and can
quantitatively predict the dependence of the rate constant
of a diffusion-controlled reaction on its Gibbs free energy
change.

The other objective of this paper is to examine the effects
of sample imperfections on the recovery of kinetic pa-
rameters. These imperfections include the presence of
polymer chains with chromophores attached to one end
only and the unavoidable distribution in the molecular
weight of a synthetic polymer. These effects will be
examined by generating transient monomer and excimer
intensity profiles using the L-G model by taking these
imperfections into account, and then the curves will be
analyzed using eqs 4 or 5 to see what kinds of results are
obtained.

II. Computational Techniques

Generation of Transient Fluorescence Intensity
Curves. All computation was done on an IBM RISC
system/6000 Model 320 workstation. Transient monomer
or excimer intensity curves were generated either by
assuming d-pulse excitation or using a lamp profile
measured experimentally. The method for generating
transient intensity curves assuming é-pulse excitation has
been described in detail in a previous paper.? No noise
wasadded to those curves. Generating transientintensity
curves by reading in a lamp profile with an intensity
distribution has been described in a more recent publi-
cation of the author.!® Transient intensity curves gen-
erated assuming a real lamp profile are made to resemble
experimental data by adding Gaussian noise to them.

Transient Fluorescence Intensity Curves for Sam-
ples with a Molar Mass Distribution. To generate
transient intensity curves of this type, one first has to
decide what is a realistic molecular weight distribution
function. Polymer samples used for excimer kineticstudies
are normally fractionated using gel permeation chroma-
tography (GPC). GPC fractionates polymers according
to hydrodynamic volume V4, which is proportional to
hydrodynamic radius Ry cubed, i.e., Vi « Rn%. Since Ry,
and R, are directly related, a sample fractionated using
GPC should usually be Gaussian in shape when plotting
G(Ry) versus Ry, where G(R,) is the probability density
function for finding chains with a root-mean-square end-
to-end distance R,. Thus, in accounting for molecular
weight distribution, we assumed that there was a Gaussian
distribution G(R;) in R,

G(R,) = exp{-L[(R, - (R,))/ o1} (12)

where (R,) stands for the average root-mean-square end-
to-end distance of a sample, and o represents the standard
deviation in R, distribution.

For a given G(R,), one needs to know its molar mass
polydispersity. This was achieved by first converting
G(R,) to f(N), the number of repeat units N distribution
function, by finding the relation between R, and N. For
the model system, i.e., polystyrene chains end-labeled with
pyrene groups, studied in this paper, we assume that all
experiments are carried out in a O solvent such as
cyclohexane at 34.5 °C. In a O solvent, R, of polystyrene
chains are related to N by!®

R, = 5.04N*%(A) (13)

After obtaining f(N), the calculation of the polydispersity
of a sample from a given f(IN) distribution is straightfor-
ward.20
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Table I. Variation of Fitting Parameters and Rate Constants Recovered as a Function of ¢/kT
c«o/RT az/a; AL (X 107 8) A2 (X 1077 8) as/ay A3 (X 10”7 8) Ag (X 1077 8) k1 (X107 8) ka (X 1077s)
2 120.3 33.5 0.443 -0.42 36.7 0.440 31 3.6
3 42.5 22.2 0.469 —0.53 244 0.462 20.3 2.5
4 18.0 12.1 0.523 -0.72 12.7 0.517 9.3 2.2
3 7.75 7.25 0.638 -0.81 7.45 0.630 4.6 1.96
6 3.79 4.51 0.827 ~(.85 4.54 0.826 1.90 1.85
7 2.02 3.33 1.07 -0.91 3.35 1.07 0.81 1.78
8.45 1.12 2.61 1.39 —0.94 2.62 1.39 0.23 1.74
10 0.35 241 1.59 -0.96 2.41 1.59 0.073 1.73
15 0.072 2.62 1.69 -0.95 2.62 1.69 0.025 1.72
20 0.044 2.85 1.70 -{.93 2.86 1.70 0.023 1.72
25 0.030 3.06 1.70 ~0.92 3.08 1.70 0.020 1.72
To save computational time, only 11 data points are 10
used to approximate the distribution G(R,), i.e., starting
from (R,) - (5/2)c to (R,) + (5/2)0 at a (1/2)c interval.
The computation of a set of transient monomer and 2
excimer intensity curves with (R,) = 40 A takes ca. 300 s 107 F
min. :
Fitting of Transient Fluorescence Intensity Curves.
Transient intensity curves generated by assuming é-pulse
excitation were fitted using a program described previ- 10t
ously.? Noise-added transient intensity curves generated -30 -20 -10 0
by assuming a real lamp profile were analyzed using a KT

program purchased from Photon Technology Interna-
tional, Inc.

II1. Effect of Gibbs Free Energy Change of a
Reaction on Its Rate Constant

Effect of Gibbs Free Energy Change of a Diffusion-
Controlled Reaction on Its Rate Constant. The L-G
model equates excimer formation to the process of two
chromophores coming together under the influence of an
excimer interaction potential U(R). The deeper the
excimer interaction potential is, the faster is the rate of
excimer formation. Since the depth of the interaction
potential, characterized by value —j, has been assumed to
be proportional to the Gibbs free energy change AG for
excimer formation, the L-G theory predicts a dependence
of the rate constant for excimer formation on its free energy
change.

Totest this dependence, transient monomer and excimer
intensity curves were generated assuming é-puise exci-
tation for a hypothetical chain with the following chain
characteristics: R, = 38.6 A and D = 2.0 X 10 cm?/s.
Chromophore characteristic parameters, appropriate for
pyrene groups, used included n =3, m = 10, kyy = 4.14 X
106 §1, kg = 1.72 X 107 7!, and Ry = 3.6 A. Analysis of
the transient intensity curves, generated assuming dif-
ferent —ey/kT values, using eqs 4 and 5 yielded fitting
parameter values a; and r; tabulated in Table I. The rate
constants k; for excimer formation for different —eo/kT
values were then calculated from the resulting fitting
parameters a; and 7; using eqs 7-10.

In Figure 1, the dependence of the rate constant k; and
~eo/ kT is illustrated. The rate of excimer formation
initially increases rapidly as ¢y increases or ~eo/ kT decreases
but levels off as ¢ further increases. There are, unfor-
tunately, no sufficient kinetic data on diffusion-controlled
intramolecular excimer formation to verify the theoretical
prediction. The L-G model for diffusion-controlled
intramolecular reactions can, in principle, be generalized
for describing diffusion-controlled intermolecular reac-
tions. The major difference between inter- and intramo-
lecular excimer formation lies in the distance distribution
functions P(R) between various chromophores at the time
of é-pulse excitation of the system. For intramolecular
excimer formation discussed in this paper, P(R) is given
by eq 1. For intermolecular excimer formation, P(R) «
47R?. 1f used for intermolecular reactions, the .-G model

Figure 1. Variation of the rate constant for intramolecular
excimer formation as a function of the depth of the excimer
interaction potential. The hypothetical polymer chain is assumed
to have R, = 38.6 A and D = 2.0 X 106 cm?¥s.

70'/
+
% 10" T+ +y
2 +
< 3
10°
+
10" l 1
-30 -20 -10 0

AG (keal/mole)

Figure 2. Dependence of the rate constant &, for diffusion-
controlled intermolecular fluorescence quenching reactions on
their free energy changes AG.

should yield a similar dependence of the rate constant of
adiffusion-controlled intermolecular reaction on its Gibbs
free energy change. Illustrated in Figure 2 is the depen-
dence of the rate constants k, for diffusion-controlled
intermolecular fluorescence quenching reactions, due to
photoinduced electron transfer, on their Gibbs free energy
changes measured by Rhem and Weller.2! Within ex-
perimental and computational error, the trends depicted
in Figures 1 and 2 are the same. The minor differences
between the curves in Figures 1 and 2 are due to different
reactions considered in the two cases. It is believed that
when the L-G model is used appropriately, i.e., used for
the correct reaction type as in this case, a quantitative
prediction as to how k; varies with AG should be possible.
This is the strongest feature of the L-G theory when
compared to conventional kinetic theories.

The k; values corresponding to —eo/kBT > -2 are not
included in Figure 1 since, as —eo/ kT further increases, the
process of excimer formation becomes insignificant. In-
significant excimer formation means that the monomer
decay is eventually to be single exponential, i.e., charac-
terized by decay constant ky. That is, one set of the
lifetimes 7; and 73 of eqs 4 and 5 decrease until they become
comparable to the time interval between two adjacent data
channels so that the r; values become unresolvable from
the data. The other set, 72 and 74, approach 1/ky as —eo/
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Figure 3. Noise-added transient excimer and monomer fluo-
rescence intensity profiles generated assuming 1% impurity level.

kTincreases. ThistrendisobviousinTableI. Inaddition,
a1 is seen to decrease rapidly with increasing —eo/kT.

The use of ¢y/k T values smaller than 4 in the generation
of transient monomer and excimer intensity profiles led
to quite a few consequences. In a previous paper,? it has
been argued that shortly after pulse excitation several or
even more rate constants may be required for describing
excimer formation and dissociation, respectively. To
obtain the steady-state rate constant for excimer formation
or dissociation, transient monomer and excimer intensity
profiles should be analyzed starting from a channel which
is sufficiently after the pulse excitation channel. The
acceptable starting channel for data fitting is determined
by plotting 7; recovered from curve fitting versus the initial
data fitting channel number and is taken as the one after
which the plot of 7; versus the initial data fitting channel
number levels off. When ¢y/kT is small and thus the =,
and 73 values are small, one cannot skip too many channels
after the pulse excitation channel to find the channel after
which the plot of 7; versus the initial data fitting channel
number levels off, as after that the a1 exp(-t/71) term of
eq 4 may have decayed almost to completion. Thus, fitting
data starting from channels which are sufficiently behind
the pulse excitation channel was practiced with some
arbitrariness but caution when ¢/k7T is small. For the
e/ RT = 2.0 case, 71 i8 ca. 3.0 ns. Transient monomer and
excimer intensity profiles were generated using a very small
time increment, i.e., At = 0.242 ns, between adjacent
channels. The data were analyzed starting from 0.242 ns
after pulse excitation.

Due to the difficulty with locating the best channels for
starting data fitting when /&7 is small, the recovered T;
values do not satisfy eqs 6b and 6¢ with rigor. Because
of that, the calculated k1, k_1, and k4 values are somewhat
less accurate than the cases when ¢/kT are larger than 5.
The magnitude of relative error expected in k; and k_;
would probably be comparable with that in k3. The
inputted and thus the recovered k4 values for excimer
fluorescence decay should all be 1.72 X 107 s-L,

The other consequence of using small ¢/kT values is
that the as/a4 values recovered deviate from —1 significantly
asshownin TableI. Thisshould notbe of concern, because
it is due to the omission of the early channels in data
analysis. Ifearly channels are included, the ratio has been
demonstrated to approach -1 again.
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Figure 4. Detected percentage impurity level plotted against
inputted percentage impurity level.

Different R, Values for Excimer Formation of
Methyl 4-(1-Pyrenebutyrate) in Different Solvents.
Xu and Winnik?® have recently observed that R, values
for excimer formulation from methyl 4-(1-pyrenebutyrate)
are drastically different in solvents toluene (3.28 A) and
cyclohexane (7.27 A). While this phenomenon is hardly
comprehensible in terms of conventional kinetic models,
it is perfectly understandable in terms of the L-G model.
In terms of the L-G model, this can be accounted for if
the Gibbs free energy for excimer formation in cyclohexane
is more negative than that in toluene.

While experimental data of AG for excimer formation
of methyl 4-(1-pyrenebutyrate) are not available in the
literature, the use of AG for excimer formation of pyrene
to approximate those of excimer formation of methyl 4-(1-
pyrenebutyrate) in the two solvents has indicated the
validity of the prediction by the L~G model. According
to Birks and co-workers,?4 the Gibbs free energy of excimer
formation for pyrene in cyclohexane at 25 °C should be
around -7.01RT, where R stands for the gas constant. The
enthalpy change AH for pyrene excimer formation in
toluene measured by Birks and co-workers was —9.2 kcal/
mol, whereas that measured by Forster and co-workers®
was—10.2kcal/mol. The entropy change AS accompanying
excimer formation was determined by Férster and co-
workers as —22.7 cal/(mol-K). The AG value calculated in
toluene using AG = AH — TAS and the two sets of AH
values are either —4.11RT or -5.76RT. In either case, the
absolute AG value is smaller than that in cyclohexane,
and thus a smaller R, in toluene is reasonable.

IV. Effects of Sample Imperfections

Effect of the Presence of Chains Labeled at One
End Only. It is experimentally difficult to prepare
samples with exactly two pyrene groups attached to the
ends of a polymer chain. In real experimental situations,
asample may contain polymer chains which may not have
any or one pyrene end only. Chains which do not have
pyrene end labels do not affect fluorescence measurement
because they do not absorb any incident light. The
interference of fluorescence measurement due to the
presence of a trace amount of chains with one pyrene end
group only will be discussed next.

The presence of a trace amount of impurity chains with
one pyrene end group only will not affect the shape of the
transient excimer fluorescence intensity curves monitored.
This is so because the polymer concentration is assumed
to be extremely low and that no intermolecular events
occur on the time scale of pyrene fluorescence. The
absence of any intermolecular events means that the chains
which are labeled at one end only have no contribution to
excimer formation.

Due to thelack of intermolecular events, the fluorescence
intensity of chains which are labeled at one end only decays
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Table I1. Variation of Fitting Parameters and Rate Constants as a Function of Polymer Molar Mass Distribution
monomer excimer
c(AY) PD ayar ri(nsh)  re(nsh) as/as  tamsY  re(ns) xR (X1078) kg (X1078)  Rkg(X107s)
0 1.00  0.949 38.0 72.4 1.02 -0.943 38.6 73.0 1.05 1.60 0.239 1.74
2 1.01 0.855 36.5 72.3 1.05 -0.934 36.9 72.6 1.06 1.69 0.266 1.73
4 1.04 0.818 34.2 74.1 1.09 -0.923 33.9 74.1 1.13 1.81 0.346 1.72
6 1.08 0.795 32.3 77.0 1.36 -0.895 30.9 75.7 1.23 1.93 0.439 1.69
8 1.14 0776 31.8 81.1 1.93 -0.851 28.4 77.4 1.32 2.01 0.520 1.64

with rate constant kM. In cases when the Birks scheme
is valid, one expects that the fluorescence intensity of
monomer in such a system decays after pulse excitation
following

Iy(t) = a; exp(-t/7)) + a, exp(-t/r,) + a, exp(-kpt)

(14)

where ag gives the relative one-end-labeled impurity level
in the system.

To test the validity of the foregoing argument, transient
monomer and excimer intensity curves were generated
using an experimentally measured lamp profile and the
following parameters: D = 3.6 X 10 cm?/s, R, = 50 A,
eo/kT = 8.45,n = 3, m = 10, and kym = 4.14 X 108 s, kg
=172 % 1071, and Ry = 3.6 A. Gaussian noise was then
added to the generated curves. The noise-added decay
curves were analyzed using eqs 4 and 5 by fitting data 22.4
ns after the peak excitation channel to eliminate contri-
butions from higher-order rate constants for excimer
formation and dissociation. In Figure 3, the transient
monomer and excimer intensity curves for the 1% one-
end-labeled impurity case are shown.

As expected, all transient excimer intensity profiles can
befitted using eq 5. The recovered fitting parameters are
the same within data fitting error independent of the
amount of impurity present.

The use of eq 14 in fitting the generated monomer decay
curves yielded lifetimes 71, 72, and 7. The recovered g
value is very close to the inputted fluorescence lifetime of
pyrene in the absence of excimer formation. Thelifetimes
71 and 79 satisfy eqs 6b and 6¢ within fitting error. The
recovered amplitude coefficient ay was found to be the
same as the inputted impurity level. This is illustrated
in Figure 4.

Effect of Polydispersity in Molecular Weight Dis-
tribution. To see the effect of sample polydispersity on
the recovered k; and k_; values, transient monomer and
excimer fluorescence intensity profiles were generated
using the techniques described in the Computational
Techniques section. Curves were generated using an
experimentally measured lamp profile as the one shown
inFigure 3. The other parameters used for data generation
included (R,) = 40 A, D = 2.4 X 106 cm?/s, o/ kT = 8.45,
n=3 m=10, ky = 4.14 X 108 -1, kg = 1.72 X 107 -1,
Gaussian noise was then added to the generated decay
curves. The curves were fitted starting from a channel
which was 14.4 ns after the peak excitation channel using
eqs 4 and 5.

Results of analyzing these generated curves using eqs
4 and 5 are presented in Table II. Assample polydispersity
(PD) increases, the Birks scheme, as expected, becomes
less satisfactory in interpreting the data. Thisis reflected
inthe increased x2 value of fitting and in the disagreement
between 7; and 73 or 72 and 74 values obtained.

AsPDincreases, the k; value increases. Thisisexpected
because k; does not vary with R, in a linear fashion. In
fact, k1, in terms of the harmonic spring model, is given
by eq 11 and is inversely proportional to the third power
of R,. That is, in calculating the average (k;) for a
polydispersed sample, more emphasis is placed on the

chains with lower R, values but higher rate constants k;.
For a sample which possesses a symmetric P(R,) distri-
bution, the averaged k; value, i.e., {k;), should have a
larger value than that for a sample which is monodispersed
with a root-mean-square end-to-end distance equal to (Ry).
In practical experiments, PD should be in the range of
1.04-1.08. Thus a 10-20% error is expected of the
recovered k; value.

The increase in k_; with PD was quite a surprise, because
results of a previous paper in this series® only demonstrated
a slight dependence of k_; value on R,. A closer exami-
nation of eqs 7-10 reveals that k_; is obtained as a small
number resulting from mathematical operations involving
the subtraction of large numbers like 1/7; — 1/75. As the
polydispersity increases, eqs 6b and 6¢ are not satisfied
rigorously and thus the uncertainty in 7, and 73 values
increases. The increased uncertainty in ; and 7 values
may cause errors in the resultant k_; values. Thus, the
increase in the recovered k_; values with PD is most likely
duetocalculation errors. Theincreased errorsink_; values
as PD increases can be partially seen from the erroneous
kq values recovered as PD increases.

V. Conclusions

The Liu-Guillet model for diffusion-controlled in-
tramolecular excimer formation and dissociation has been
demonstrated to be superior to conventional kinetic models
in its ability to quantitatively predict the change in the
rate of such reactions as a function of their free energy
changes. It would be interesting to verify the trend
depicted in Figure 1 experimentally. This would involve
the excimer formation and dissociation kinetic studies of
a particular polymer labeled with various chromophores
which have different—e;/kT values. Alternatively,onemay
be able to carry out the kinetic study for a particular sample
in a series of © solvents for the polymer chain. In 6
solvents, the conformation of a particular polymer sample
in the absence of end-group perturbance would have the
same average conformation. On the other hand, the Gibbs
free energy for excimer formation may be different.

The presence of a trace amount of one-end-labeled
impurity in a sample used for excimer formation kinetic
studies can be easily detected experimentally. The
presence of such impurities has been shown not to affect
the transient excimer fluorescence intensity profiles. In
cases when such impurities are present, it is recommended
that one analyze excimer intensity profiles for obtaining
kinetic parameters. Last, simulation studies have shown
that, for excimer kinetic studies, one should prepare
samples with polydispersities below 1.05. When samples
of such a polydispersity are used, the recovered k; value
may be larger than that of a monodispersed sample by
~15%.
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