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The dynamic rotational isomeric state formalism described in the preceding paper is used to
calculate the rate of first passage from non-excimer-forming conformations to excimer-forming
conformations in seven aromatic polyesters with different flexible spacers between the aromatic
rings. The excimer-forming conformations in these polymers were identified recently by
Mendicuti ef al. The time dependence of the probability that a flexible spacer will at least once
have passed through an excimer-forming conformation can be written as the product of two
factors, one of which is time dependent, the other of which is determined by the equilibrium
conformational statistics. In the polyesters considered here, the static factor is much more
sensitive than the dynamic factor to the identity of the flexible spacers. Consequently, the
equilibrium chain statistics provides a good description of the relative excimer population for
these polyesters, even at times where the dynamic contribution is significant. The
chromophores in these polyesters have such short fluorescence lifetimes that it is only in the
most mobile flexible segments that there is an important dynamic contribution to the excimer

formation.

I. INTRODUCTION

In the preceding paper,’ a stochastic model is developed
to determine the time-dependent increase in the fraction of
polymeric segments that enter the macrostate {¢},, during
the time interval (0,z). The macrostate {¢}, consists of the
conformations that favor excimer emission, i.e., those con-
formations that place the chromophoric groups at the ter-
mini of the N mobile bonds (with v states available to each)
parallel to each other with a separation of about 3 A. The
macrostate {¢}, comprises all conformations which do not
fulfill this requirement. The mean first passage time {(7)
from macrostate {¢}, to macrostate {¢}, plays an impor-
tant role in determining the contribution of conformational
transitions to excimer formation. If the residence time of the
singlet excitation on a particular chromophore at a non-ex-
cimer-forming site is long enough compared to (), signifi-
cant rotational sampling of conformations leading to ex-
cimer formation may occur. If, on the other hand, the
residence time is much shorter than (7), only sites formed
prior to excitation can form excimers. In this case the effi-
ciency of excimer emission is governed by the equilibrium
statistics of the chain. The strong excimer emission observed
in meso dyads in polystyrene is asserted to be of dynamic
origin,? as the preceding work confirms.

Recent experiments®* with polyesters with different
sizes of flexible spacers between the aromatic groups demon-
strate a close correlation between the intensity of intramole-
cular excimer emission and the equilibrium probability of
occurrence of conformations favoring excimer formation.
However, in general, if conformational transitions to states
conducive to excimer emission are fast enough, in the sense
that they take place before the excited chromophore deacti-
vates by some other mechanism, the observed spectra should
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depend not only on the equilibrium population of segments
favoring excimer formation, but also on the extent of the
dynamic contribution to increase the number of such seg-
ments. As an attempt to estimate the relative contribution of
the static and dynamic factors, the increase with time in the
population of excimer-forming conformations is theoretical-
ly analyzed in the present work, using the dynamic rota-
tional isomeric states formulation. A rigorous mathematical
scheme for calculating the latter was presented in the preced-
ing paper.! An approximate method, based on the descrip-
tion of the excimer-sampling process as a two-state Markov
process, will be preferred in the present study, due to the
large number of microstates (conformations) in each ma-
crostate.

A brief outline of the theoretical approach adopted in
the present work is given in the next section. The purpose is
to estimate (7) for the different segments considered, from
the analysis of the dynamics of the stationary process of con-
formational transitions in the ensemble of polymeric seg-
ments in equilibrium.

The polyesters considered in the present study are clas-
sified in two series. Series I consists of polymers with repeat-
ing unit p-OC-C¢H,COO-(CH,CH,0) ,,— where m is var-
ied from 1 to 3. Series II refers to polymers with repeating
unit p-OC-C H,COO-(CH,) , O- with x = 2-6. The mem-
ber of series I for which m = 1 is identical with the member
of series II for which x = 2. The conformations that give rise
to excimer formation in these polymers were identified re-
cently.>* They are characterized by a set of torsional angles
corresponding to each mobile bond between the rings, fol-
lowing the conventional rotational isomeric states (RIS)
model.> The set of such conformations composes the ma-
crostate {@}, for each segment considered. Their equilibri-
um probabilities were estimated®* from previous conforma-
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tional energy analysis by Riande and collaborators,® and by
Abe and Mark.” The analysis of local chain dynamics neces-
sitates, however, knowledge of not only the energy param-
eters at the isomeric minima, but also the heights of the sad-
dles between them. In the treatment below, which is based
on the dynamic RIS model,® the rates of transitions between
isomeric states are represented by Arrhenius type expres-
sions with activation energies equal to the barrier heights to
be crossed. Therefore the conformational characteristics of
each mobile pair of bonds in the two series is reinvestigated
to extract the required data on the barrier heights. Calcula-
tions are presented in Sec. III, which is followed by the re-
sults and discussion section. The dynamic RIS model is em-
ployed in the calculations to determine the time-dependent
transition probability P(a/b) for the passage from {4}, to
{¢}, in the stationary process. This transition probability is
used to estimate the corresponding first passage times.

. THEORY

The transition from one macrostate to another for a giv-
en segment is approximated by a two-state Markov process

{9}, = {4},

where A and u refer to the indicated mean rates of passage.’
Macrostates {¢}, and {¢}, comprise, in turn, several mi-
crostates. ¢, refers to the ith microstate. Let P(a/b) be the
transition or conditional probability of occurrence of ma-
crostate {¢}, at time #, given macrostate {#}, at f = 0. Simi-
lar definitions hold for P(a/a), P(b/b), and P(b /a). The
transition probabilities satisfy the Kolmogorov differential
equations’

fi”;tﬂz — uP(a/a) + AP(b /a),
%: — AP(b/a) + uP(a/a), (1)
i’ﬂ%: — AP(b /b) + uP(a/b),
%= — uP(a/b) + AP(b /b),

which may be solved to find
P(a/a) =A/(A +pu)

+ [/ (A +)lexpl — (4 +w)t],  (2)

Pla/b)y =A(A+u) {1 —exp[ — (A +u)21} (3)
and

P(b/a) =1 — P(a/a), 4)

P(b/b) =1 — P(a/b). (5)

The asymptotic limits that the above transition probabilities
approach as 7 goes to infinity are the equilibrium probabili-
ties of the macrostates, i.c.,

P\a)=A/(A+up), (6)
Po(b) =p/(A + ). (7N
The above equations describe a stationary process where all

transitions are counterbalanced by back transitions. In
mathematical terms, we have

P(a/b)P°(b) = P(b/a)P°(a) (8)

which is a direct consequence of the principle of detailed
balance for the ensemble of polymeric chains in equilibrium.
The superscript O refers to quantities dictated by the equilib-
rium statistics of the chain. Thus the instantaneous probabil-
ity P‘(a) or P*(b) of a given macrostate, or equivalently the
fraction of segments with conformations belonging to those
macrostates, will be constant and equal to the equilibrium
value P°(a) or P°(b), as may be easily shown by inserting
Egs. (8) and (4) into the general expression

P'(a) = P(a/a)P°(a) + P(a/b)P°(b). 9

The above description gives no information about the
accumulation in the number of segments which has under-
gone transition to an excimer-forming conformation before
reaching time . In fact, the quantity of interest is the fraction
of segments which has passed through the macrostate {¢},
at least once during the time interval (0,#). This quantity
may be evaluated by considering an irreversible hypothetical
process where back transitions from {¢}, to {¢}, are pre-
cluded, as carried out in the preceding paper. Thus, in the
new process, i = 0, or

P,(a/a) =1, (10)
P,(asb) =1—exp( —A1,1). (1

Here the subscripts n are appended to distinguish the quanti-
ties associated with the nonequilibrium irreversible process
from those corresponding to the stationary process. Clearly,
P, (a/b) converges to one, at long times, in contrast to P(a/
b) of the stationary process, which approaches P°(a). An-
other way of stating the same property is

Jw P(a/bydt = P°(a) (12)
0

and

r P, (a/b)dt = 1, (13)
(4]

where the upper dots indicate the time derivative.

The mean rate of passage A, from {¢}, to {4}, in the
new irreversible process may be estimated from the equilibri-
um P(a/b) curve using the following initial condition. At
t = 0, the probability distribution of configurations is pre-
scribed by equilibrium statistics. The condition of 4, = 4 is
imposed starting from #=0, ie., in the limit as -0,
P, (a/b) should be identical to P(a/b). More precisely, their
time derivatives P,, (a/b) and P(a/b) are equal to each other
at t = 0. A rough sketch of the transition probabilities and
their time derivatives for the two processes is given in Fig. 1.
Thus, the mean rate 4,, will be determined from the initial
slope of the P(a/b) curve of the stationary process, as

A, =P(a/b)|,_, (14)

and will be inserted in Eq. (11), to evaluate P, (a/b). Al-
though Eq. (11) is a rather simple one, it may conveniently
be used as a first-order approximation to estimate and com-
pare the relative contribution of local chain dynamics to ex-
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P°(a) |~

FIG. 1. (Top panel) Time dependence of the transition probabilities P(a/
b) and P, (a/b) for the stationary and nonequilibrium processes, respec-
tively. P(a/b) converges to the equilibrium probability P°(a) of macrostate
{#},. P, (a/b) approaches one. (Bottom panel) Decay of the rates of tran-
sition probabilities with time. Both curves intersect the abscissa at P(a/
by= P (a/b)y=A=41,.

cimer formation in different members of the series of polyes-
ters.

By differentiating both sides of Eq. (8) with respect to
time, we obtain

P(a/b) = P(b/a)P°(a)/P°(b). (15)
On the other hand, from Eq. (4) we have
P(b/a) = — P(a/a). (16)

Equations (15) and (16) are valid both for the stationary
and the nonequilibrium process at ¢ = 0. Their substitution
into Eq. (14) yields

A, = — P(a/a)|,_o[P°(a)/P°(d)]. (17)

The use of Eq. (17) offers two important advantages in this
work. First, the time required to compute P(a/a) is consid-
erably lower compared to the other transition probabilities,
due to the smaller number of conformations over which
summations have to be performed (see sequel). Another ad-
vantage Eq. (17) offers is that the mean rate of passage from
{¢}, to {¢}, is expressed as the product of two terms, re-
flecting the influence of chain dynamics and equilibrium sta-
tistics, separately. In fact, the first term describes how fast a
conformation which is initially in macrostate {¢}, tends to
quit this macrostate. This rate is related to the mobility of the
chain and will be found to be larger in relatively longer se-
quences which enjoy a higher degree of orientational free-
dom, provided that a mean friction coefficient is adopted in
the rate expressions, regardless of the size of the mobile
group. As to the term in brackets in Eq. (17), it is clearly
governed by equilibrium statistics. By evaluating the rate 4,
according to Eq. (17), it will be possible to realize which

factor predominantly determines the observed behavior.
The mean first passage time from {4}, to {¢}, is found
from

<T>EF[1 _Pi(a)]dt = PO(b)/A, (18)
0

as follows from
P} (a) =P°%a) + [1 —exp( — 4,0 ] P°(b) (19)

which gives the time-dependent increase in the fraction of
segments conducive to excimer emission.

Hl. CALCULATIONS
A. Conformational energies

Energy calculations are carried out, as usual, for the
central bond pair in a six-bond unit, the rotational states of
the bonds next to the pair being held in the trans position.
Three contributions, the intrinsic threefold torsional poten-
tial, the van der Waals interaction, and the electrostatic in-
teraction, are summed up according to

E(¢i, ¢:11) =E($) +E(d; 1)+ Z[bjk/':;kz
T

—ay /1) + X k'8 /ery  (20)
Sk

with
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FIG. 2. Schematic representation of the segments in series II considered in
conformational energy calculations. The segments belong to the chains with
(a) x=2 (orm=1); (b), (c)x = 3; (d)-()x = 4-6.
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FIG. 3. Conformational energy diagram for segment (a) in Fig. 2. Energy
contours are labeled with respect to the # state. Values at the energy minima
and saddle points are listed in Tables I and II, respectively.

E(4,) = (EO/Z)[I—-COS 3¢i] (21)
Here E(¢), represents the torsional potential ascribed to the
bond with rotation ¢,. E, is assigned the values 2.8 and 1.8
kcal/mol for C-C and C-O bonds, respectively, in agree-
ment with previous calculations.” The van der Waals inter-
actions are represented by the 6-12 Lennard-Jones equation
with parameters a; and b, for each pair of nonbonded
atoms j and k, separated by a distance ;. Coulombic inter-
actions are calculated by assigning partial charges §; and &,
to the interacting nonbonded atoms. The conversion factor
k'in Eq. (20) equals 332 when 7;, isin A. The value 3is used
for the dielectric constant €. The dispersion parameters a;
are calculated using the Slater-Kirkwood formula,'! and b,
are chosen so as to minimize the Lennard-Jones potential
between atoms j and k when their separation equals the sum
of their van der Waals radii. The parameters for the Slater—
Kirkwood equation and the geometric parameters are di-
rectly taken from the work of Riande er a/.'® which yields
satisfactory agreement with experiments. Partial electronic
charges used in Ref. 7 are adopted in the present study. The
effect of the coulombic interaction is found to be small com-
pared to the other contributions.

Figure 2 displays six polymeric segments representative
of various pairs of bonds in the chains belonging to series I1.
The conformational energy maps associated with those seg-
ments are given in Figs. 3—8. Only those portions of the maps
with ¢, varying in the interval (0°, 180°) are shown, due to

FIG. 4. Conformational energy diagram for segment (b) in Fig. 2. See leg-
end to Fig. 3.

#
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FIG. 5. Conformational energy diagram for segment (c) in Fig. 2. See leg-
end in Fig. 3.
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FIG. 6. Conformational energy diagram for segment (d) in Fig. 2. See leg-
end to Fig. 3.
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FIG. 7. Conformational energy diagram for segment (e) in Fig. 2. See leg-
end to Fig. 3.
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FIG. 8. Conformational energy diagram for segment (f) in Fig. 2. See leg-
end to Fig. 3.
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TABLE 1. Conformational energies (kcal/! mole).>*

6787

TABLE III. Results from calculations.”

Isomeric states

Segment g* g*t grg* grg*
1 0 0.7 0.6 1.6
2 —04 0.6 0.2 34
3 — 0.4 —04 — 0.8 —-05
4 —02 0.4 0.2 11.0
5 0.5 —02 0.3 0.85
6 0.5 0.5 1.0 3.0
7 0.9 —-04 0.5 0.9
8 0.9 0.9 1.8 11.0
9 — 0.4 0.4 0 11.0

2 All values are tabulated with respect to the #f state whose conformational
energy is set equal to zero.

®Segments 1-6 are shown in Figs. 2(a)-2(f). Segments 7 and 8 correspond
to the pair of bonds (CC, CO) and (CO, OC) nonadjacent to the terephth-
alic groups in series I. Segment 9 refers to the pair (OC, CC) adjacent to
the terephthalic group in series L.

the symmetry with respect to (¢, ¢,,.,) = (0°, 0°). The
energy values adopted in the present study for the isomeric
minima and saddle heights are listed in Tables I and II, re-
spectively. The equilibrium data recently employed by Men-
dicuti et al.* is reproduced by minor adjustment ( + 0.2
kcal/mol) of the energy minima for x = 3-6. However, val-
ues for x = 2 are found to considerably deviate from those
previously used, which had been adjusted to optimize agree-
ment with experimentally determined conformation-depen-
dent equilibrium properties.® Results are almost unchanged
when calculations are repeated with longer segments, in-
cluding the interaction of the neighboring rings. As to the
series I, involving ethylene oxide spacer, it is known’ that
there is some discrepancy between conformational energy
values computed by the above semiempirical methods and
those which achieve best agreement with experiments. So,
the values adopted in the present study were estimated on
the basis of (i) conformational energy calculations presently
carried out and (ii) existing work>'%!2? on polyoxyalkanes
and similar chains. The energy minima and barrier heights
in the pairs nonadjacent to the terephthalic group were re-
cently used to investigate the local dynamics of polyoxyethy-
lenes and were found to agree with NMR relaxation data.'?

TABLE II. Heights of saddles (kcal/mol)* Between the states (af, y8).

N, —P/a)|,., (ns=") P(a) A, (ns™") (1) (ns)
Series I
m=1 2 14.9 0.0014 0.021 47.6
2 72 18.9 0.046 0.911 1.05
3 30 50.1 0.0039 0.196 5.08
Series II
x=13 6 2.58 0.090 0.255 3.57
4 8 372 0.033 0.127 7.61
5 34 4.30 0.048 0.217 4.39
6 24 4.77 0.041 0.204 4.70

2 The numbers of conformations in (¢,) with nonzero equilibrium proba-
bilities are denoted by ¥, (Refs. 3 and 4). Only those excimer-forming
states with equilibrium probability larger than 0.004 are considered for the
polymer with x = 6.

B. Transition probabilities and mean first passage times

The numbers of conformations in {¢}, are listed in Ta-
ble I11, based on the work of Mendicuti et al.>* The transi-
tion probabilities for the stationary process for the passage
from one macrostate to another are computed by combining
the transition probabilities for the individual microstates in
the macrostates. For instance, P(a/a) is evaluated from

P(a/a) = z Z P
¢i ¢j

where the summations are performed over conformations
¢, ¢;, d,, all belonging to {¢},. P (¢) is the joint proba-
bility of occurrence of two conformations ¢, and ¢, with a
time interval ¢, for a sequence of N mobile bonds, and
P (0) is the equilibrium probability of the k th conforma-
tion ¢,. P (z) are conveniently represented as the ele-
ments of the time-dependent joint probability matrix
P ™ (1). The latter is evaluated according to the dynamic
RIS model® from the stochastics of sequential pairs of bonds,
relying on the assumption of pairwise dependent dynamics
and statistics for the sequence. A brief description of the
dynamic RIS model is presented in Sec. II of the preceding
paper. For further details, the reader is referred to Ref. 8 and
13.pP ij >(¢) may also be evaluated from the serial multiplica-
tion of stochastic weight matrices according to a mathemat-

(M
ij

(/3 P (0), (22)
&y

(aB, v5)

Segment (r18%) (1t.g*1) (g*tg*g*) (g*g*.18*) (g*.g*g*) (g*g*.g* D
1 32 9.6 3.7 9.6 9.6 3.7
2 3.1 9.0 35 8.8 9.2 6.4
3 3.1 3.1 2.7 3.0 3.0 2.7
4 3.7 9.8 4.0 9.0 12.0° 12.0
5 3.7 3.7 3.5 42 4.2 3.5
6 3.7 3.7 4.6 41 3.7 42
7 2.7 3.5 2.3 3.7 3.7 2.3
8 2.7 2.7 34 3.4 12.0 12.0
9 3.5 9.0 4.0 9.0 12,0 12.0

* All values are given with respect to the ¢ state whose conformational energy is set equal to zero.

®Barriers of 12 kcal/mol are taken instead of o, to avoid overflow.
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FIG. 9. Decay of transition probabilities P(a/a) with time for the chains in
series I, at 300 K. The dynamic RIS model with the data in Tables I and IT
has been used in calculations.

ical method newly developed,'* in analogy to the conven-
tional matrix multiplication scheme® of equilibrium
statistics.

The decays of P(a/a) with time for the different
members of series I and II are depicted in Figs. 9 and 10,
respectively. The greater mobility of the oxyethylene seg-
ments is evident in the faster time scale for Fig. 9. Data in
Tables I and IT have been used to calculate the pair transition
probabilities which are subsequently combined to evaluate
P (r). Thefront factor 4,, which is inversely proportional
to solvent viscosity,®!> was taken as 2.77 X 10'!/s for all
polymeric chains. The initial slopes P(a/a) at t =0, the
equilibrium probabilities P°(a) of macrostate {¢},, the rate
A,, and the mean first passage time (7) for each polymeric
chain are listed in Table III. The increase with time in the
fraction of sites suitable for excimer formation s displayed in
Figs. 11(a) and 11(b), for the series I and II, respectively.

The curvesin Figs. 11(a) and 11(b) are calculated from
Eq. (11), where the rate constants A, are evaluated from the
initial slopes of the transition probability curves in Figs. 9
and 10, according to Eq. (14). This approach is exact only if
the decay of transition probabilities obeys a single exponen-
tial form. The same curves follow from Eq. (2) with u =0,
provided that the single exponential decay is valid. However,
inasmuch as several relaxational modes contribute to the
orientational motion of the segments,®'? this approach is
only approximate. Alternately, the best fitting parameters A
and u which correspond to the decay curves in Figs. 9 and 10
may be evaluated from the time constant (1 + u) ~'in Eq.
(2) and knowledge of the equilibrium probabilities. The re-
sulting A values depend on the time window selected for
curve fitting, and they approach A, as shorter time ranges
are considered. Calculations show that the increase in the
fraction of excimer-forming sites is relatively lower when
best-fitting A values are adopted, although the general quali-
tative features are conserved.

|. Bahar and W. L. Mattice: Aromatic polyesters with spacers
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FIG. 10. Decay of the transition probabilities P(a/a) with time for the
chainsin series I1, at 300 K. The dynamic RIS model with the data in Tables
I and II has been used in calculations.
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FIG. 11. Increase in the fraction of segments which has undergone transi-
tion to an excimer-forming conformation before time ¢, at 7= 300 K, for
(a) the polymers in series I and (b) polymers in series IL.
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IV. RESULTS AND DISCUSSION

The mean first passage times resulting from calculations
are in qualitative agreement with experiments. In series 1,
the highest excimer emission takes place in the case of the
chain with m = 2.% As to the series I, an even—odd effect
parallel to the one resulting from the present calculations is
experimentally observed.*

From the examination of the curves in Figs. 9 and 10, it
is clearly seen that the segments with a larger number of
mobile bonds enjoy a higher freedom of motion. In fact, ex-
cept for the shortest segment (whose behavior is dominated
by the fact that the corresponding excimer-forming states
are highly unstable), the decay of the transition probability
P(a/a) with time becomes faster as the chain length in-
creases. That local motions are easier when a longer segment
is allowed to move was also observed in previous stud-
ies®'>15 and attributed to the larger number of available
paths for relaxation. Thus, the odd—even dependence of ()
or A,, on the number of bonds between the aromatic groups
does not originate from the contribution of local chain dy-
namics, but is prescribed instead by the equilibrium statistics
of the chains. In fact, 4, (or (7)) values are governed by the
static factor P°(a)/P°(b) in Eq. (17), whose dependence on
the specific chain investigated is much stronger than that of
the dynamic factor P(a/a) att = 0. From the values tabulat-
ed in Table III, the dominant role of the equilibrium proba-
bilities may be explicitly seen. Thus, it is not surprising that
the experimentally observed behavior was recently ratio-
nalized®* on the basis of equilibrium probabilities of ex-
cimer-forming states. In particular, it is interesting to note
that, although the decays of the P(a/a) curves for m =1
and 2 (Fig. 9) are close to each other, the increase in the
fraction P‘(a) of excimer-forming sites [Fig. 11(a)] is con-
siderably faster for m = 2. The latter is due to the much
higher equilibrium value P°(a) for m =2 compared to
m = 1, as apparent from the values listed in Table III.

Previous calculations indicate that static orientational
correlations between two groups (or vectorial quantities)
rigidly embedded in a chain, exhibit an odd—even depen-
dence on the number of mobile bonds separating the two
groups.'’ Thus, the observed behavior partly originates from
that inherent characteristic of short polymeric segments,
even though the process of excimer formation is restricted in
the present case to the set of conformations leading to a cy-
clic structure. The dependence of dynamic correlations on
the size of the mobile segment was not as pronounced as the
static ones,'® in accordance with the present results.

The present study shows that the analysis of the equilib-
rium probabilities of excimer-forming conformations may
be satisfactorily employed for a preliminary qualitative esti-
mation of the extent of excimer emission in a homologous
series of chains. However, it is insufficient for a quantitative
explanation unless the radiative lifetime of the excited mon-
omer is very short. In general, the fraction of sites which will
be traps for excimers continuously increases owing to con-
formational transitions, as displayed in Figs. 11(a) and
11(b). It should be recalled that for such diffusion con-
trolled processes, the solvent viscosity plays an important
role, as well. The effect of solvent viscosity is accounted for

by the front factor 4, in the dynamic RIS model. 4, varies
linearly with the reciprocal viscosity 7", according to the
model. Such an inverse linear dependence between 4, [or
the instantaneous rates of conformational transitions from
Eq. (6) in the preceding paper'] and the solvent viscosity
has proven'® to be a valid approach for treating local dynam-
ics of polymers in dilute solution. Experiments by Cuniberti
and Perico’® also indicate that the intramolecular excimer to
monomeric intensity ratio increases linearly with ™", pro-
vided that the thermodynamic power of the solvent is not
significantly altered. An absolute value for 4, for a specific
polymer—solvent system is, in general, assigned through
comparison with experiments. The value adopted in the
present study is the one previously used for polyethylene®
and polyoxyethylene solutions in solvents with a viscosity of
about 1 cp."* The experiments by Mendicuti et al >* were also
carried out with solvents whose viscosities vary in the range
0.5 <1 < 1.5 cp, at room temperature.

The use of a constant value for 4 ° corresponds to the
approximation of the environmental effect on the motion by
a mean frictional resistance for all types of mobile segments.
The above treatment may be improved by considering the
“sizeeffect”,"” i.e., the increase in the frictional drag with the
length of the path traveled by each moving unit during con-
formational transitions, by modifying the front factor 4, ac-
cording to the specific segment and transition considered.
Inasmuch as this effect is not included in the present study,
the results are representative of a limiting behavior for low
viscosities.

Recent measurements'® of the fluorescent lifetime of the
model compound (dimethyl terephthalate) for the polymer-
ic systems investigated, indicated that the latter is extremely
short (~0.04 ns). The dynamic contribution to excimer
emission from the part of sites created through conforma-
tional transitions is therefore small. For the chains in series I,
with a higher degree of rotational mobility, part of the ob-
served spectra may still originate from dynamic contribu-
tion, as may be concluded from the rapid increase, in Fig.
11(a), in the population of excimer-favoring sites. In fact,
excimer fluorescence measurements in this series exhibit’® a
stronger sensitivity to solvent viscosity, in the direction pre-
dicted by chain dynamics. Experiments with chromophoric
groups of longer fluorescent lifetime, in solvents of different
viscosities but similar thermodynamic characteristics would
furnish important information to realize the relative impor-
tance of the two factors in the investigated polymeric chains.
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