
1034 Macromolecules 1985, 18, 1034-1039 

support in most studies in inverse gas chromatography. 
This material seems to contain small amounts of polymeric 
materials, most probably poly(dimethylsi1oxane) (PDMS), 
which interacts with most chromatographic probes. In 
addition, the support has a small number of highly polar 
surface groups (probably hydroxyls) which interact 
strongly with polar groups. PDMS retains most probes, 
making a constant contribution to retention volume. The 
polar groups retain only the polar probes, making a very 
large contribution to the retention volume at  very small 
injections, and having a smaller effect at  large injections. 
The retention characteristics of the support are preserved 
even when columns are coated with polymers. To obtain 
meaningful data for the retention volume Vg of various 
probes on polymer (and for the thermodynamic quantities 
derived from them), it is necessary to subtract the con- 
tribution to V,  that is caused by the support from the 
overall retention volume. Using this procedure for poly- 
isobutylene and several polar and nonpolar probes, we 
obtained Vg values that were independent of the amount 
of probe injected, polymer loading, and flow rate. This 
method seems also to apply to the more polar polymer, 
poly(methy1 acrylate). Using the correction procedure is 
particularly important for both polar probes and for 
polymer-probe pairs that interact only sparingly. 

Acknowledgment. We are grateful to The Robert A. 
Welch Foundation (Grant F-563) for financial support of 
this work. 
References and Notes 

Smidsrod, 0.; Guillet, J. E. Macromolecules 1969,2, 272. 
Lavoie, A,; Guillet, J. E. Macromolecules 1969, 2, 443. 
Hammers, W. E.; De Ligny, C. E. Recl. Trav. Chim. Pays-Bas 
1971, 90, 912. 
Patterson, D.; Tewari, Y. B.; Schreiber, H. P.; Guillet, J. E. 
Macromolecules 1971, 4, 356. 
Summers, W. R.; Tewari, Y. B.; Schreiber, H. P. Macromole- 
cules 1972, 5, 12. 
Covitz, F. H.; King, J. W. J.  Polym. Sci., Part A-1  1972, 10, 
689. 
Tewari, Y. B; Schreiber, H. P. Macromolecules 1972,5, 329. 
Newman, R. D.; Prausnitz, J. M. J .  Phys. Chem. 1972, 76, 
1492. 
Schreiber, H. P.; Tewari, Y. B.; Patterson, D. J .  Polym. Sci., 
Part A-2 1973, 12, 15. 

Lichtenthaler, R. N.; Liu, D.; Prausnitz, J. M. Macromolecules 
1974, 7, 565. 
Deshpande, D. D.; Patterson, D.; Schreiber, H. P.; Su, C. S. 
Macromolecules 1974, 7, 530. 
Olabisi, 0. Macromolecules 1975, 8, 316. 
Lipatov, Y. S.; Nesterov, A. E. Macromolecules 1975, 8, 889. 
Braun, J. M.; Guillet, J. E. Macromolecules 1975, 8, 882. 
Braun, J. M.; Guillet, J. E. Macromolecules 1976, 9, 340. 
Braun, J. M.; Guillet, J. E. Macromolecules 1976. 9. 617. 
Su, C. S.; Patterson, D.; Schreiber, H. P. J .  Appl. Poiym. Sci. 
1976, 20, 1025. 
Su, C. S.; Patterson, D. Macromolecules 1977, 10, 708. 
Deshpande, D. D.; Tyagi, 0. S. Macromolecules 1978,11,746. 
DiDaola-Baranvi. G.: Braun. J. M.: Guillet. J. E. Macromole- 
cuies 1978, 11,”224. 
Diuaola-Baranvi, G.: Guillet. J. E. Macromolecules 1978. 1 I . .  
22a. 
DiPaola-Baranyi, G. Macromolecules 1981, 14, 683. 
Dipaola-Baranyi, G.; Degre, P. Macromolecules 1981,14,1456. 
Llorente, M. A.; Menduina, C.; Horta, A. J .  Polym. Sci., Po- 
lym. Phys. Ed. 1979, 17, 189. 
Galin, M.; Rupprecht, M. C. Macromolecules 1979, 12, 506. 
Walsh, D. J.; McKeown, J. G. Polymer 1980, 21, 1335. 
Doube, C. P.; Walsh, D. J. Eur. Polym. J .  1981, 17, 63. 
Walsh, D. J.; Higgins, J. S.; Rostami, S.; Weeraperuma, K. 
Macromolecules 1983, 16, 391. 
Fernandez-Berridi, M. J.; Guzman, G. M.; Elorza, J. M.; Garijo, 
L. Eur. Polym. J.  1983,19, 445. 
Fernandez-Berridi, M. J.; Guzman, G. M.; Iruin, J. J.; Elorza, 
J. M. Polymer 1983, 24, 417. 
Galin, M. Polymer 1983, 24, 865. 
Curval, G. J.: Gray. D. G. Macromolecules 1975, 8. 326. 
Tewari, Y. B;; Makire, D. E.; Sheridan, J. P. J .  k‘hys. Chem. 
1970, 74, 2345. 
Conder, J. R. J.  Chromatogr. 1969,39, 373. 
Conder, J. R.; Locke, D. C.; Purnell, J. H. J.  Phys. Chem. 1969, 
73, 700. 
Martin, R. L. Anal. Chem. 1963,33, 347; 1963, 35, 116. 
Aspler, J. S.; Gray, D. G. J .  Polym. Sci., Polym. Phys. Ed. 
1983, 21, 1675. 
Courval, G.; Gray, D. G. Macromolecules 1975, 8, 916. 
Gray, D. G.; Guillet, J. E. Macromolecules 1975, 6,  223. 
Card, T.; Al-Saigh, Z. Y.; Munk, P. J .  Chromatogr. 1984,301, 
261. 
Bohemen, J.; Langer, S. H.; Perrett, R. H.; Purnell, J. H. J.  
Chem. SOC. 1960, 2444. 
Weissberger, A. “Technique of Organic Chemistry, Gas 
Chromatography”; Interscience: New York, 1968; Vol. 13, p 
187. 
Al-Saigh, Z. Y.; Munk, P. Macromolecules 1984, 17, 803. 
Littlewood, A. B.; Phillips, C. S. G.; Price, D. T. J.  Chem. SOC. 
1955, 1480. 

Energy Migration in the Aromatic Vinyl Polymers. 4. Blends of 
Poly(2-vinylnaphthalene) with Poly(cyclohexy1 methacrylate) 
J. W. Thomas, Jr., and Curtis W. Frank* 
Department of Chemical Engineering, Stanford University, Stanford, California 94305. 
Received October 26, 1983 

ABSTRACT: A significant problem in the modeling of photostationary excimer fluorescence of blends of 
aryl vinyl polymers is the need for data on the various photophysical parameters for these models. One parameter 
of general importance is the  ratio of the intrinsic quantum yields of the excimer to  the monomer, Q,/Q,. In 
this work a photophysical model and experimental technique are developed that allow the determination of 
QJQ,. In order t o  apply this method, the host matrix must be miscible with the guest fluorescent polymer 
at low concentrations and a suitable small probe molecule must  be available to model the  polymer monomer 
signal. Solvent-cast films containing 0.1-1.0 wt % poly(2-vinylnaphthalene) (PZVN) and 0.0-2.0 wt % 
2-ethylnaphthalene in poly(cyclohexy1 methacrylate) (PCMA) were prepared and studied by using photo- 
stationary excimer fluorescence. Two major results were obtained from the application of the model to the 
data. First, Q,/Q,  for PZVN dispersed in PCMA was found to  be 0.44 f 0.08. Second, the ratio of the  rate 
of nearest-neighbor energy transport t o  the monomer decay rate was found to  be 1 order of magnitude larger 
for PZVN than for polystyrene. 

Introduction polymer Despite the success of the rather 
In a recent series of papers, excimer fluorescence has phenomenological approach employed in the early work, 

been used as a molecular probe of the thermodynamics of a detailed understanding of the photophysics of these 
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systems has proved elusive. The important experimental 
parameter in the photostationary-state experiments gen- 
erally performed is the ratio of integrated excimer to 
monomer fluorescence intensities, 9,/9,. In the first 
paper of the present series on energy migration in aromatic 
vinyl polymers: it  was shown that this quantity may be 
related to the relevant photophysical parameters by 

Energy Migration in Aromatic Vinyl Polymers 1035 

addition, although front-face illumination must be used 
to minimize self-absorption, the depth of penetration of 
the excitation light is not exactly known. 

An alternative method of measuring Q,/Q, in films 
relies on a scheme developed by Hirayama'O for bichro- 
mophoric model compounds. This technique is also ap- 
plicable to polymeric systems in rigid matrix. In this ap- 
proach, eq 1 is broken up into two equations. 

@e Q e ( 1 -  M) (3) 

a m  = Q m ( M )  (4) 

Note that eq 4 will be true only if the excimer does not 
dissociate to excited monomer; such an assumption has 
been shown to be valid for P2VN.6 The difficulty with 
using eq 3 and 4 to solve for Q, and Qm is that there are 
two equations with three unknowns. Hirayama solved this 
problem by noting that 90, the net quantum yield for a 
monochromophoric model compound that contains the 
same chromophore as the polymer, is equal to Q, under 
certain conditions. The conditions are that the film or 
solution of the model compound should be dilute enough 
so that excimer formation may be neglected. Furthermore, 
the monochromophoric model compound film and the 
polymer film must have identical chromophore concen- 
trations. If these conditions are met, then 

90 = Qm (5) 

Qe/Qm = @e/(@o - am) (6) 

Unfortunately, this scheme also suffers from difficulties 
in accurately determining net quantum yields for films. 

In their study of poly(naphthylalky1 methacrylate) co- 
polymers, Holden and Guillet" obtained net quantum 
yields by using the approximate relation 

Combining eq 3-5 we obtain 

@ref/ @film = ~ r e f / ~ f i l m  (7) 

where aref and 9fh refer to data from a reference solution 
and from a film, respectively; Tref and 7film are the corre- 
sponding decay times. Since this method requires the use 
of transient fluorescence techniques, which are not always 
available, it would be convenient to develop a technique 
that relies only on photostationary measurements. 

The photophysical scheme for the model compound- 
polymer blend system is based upon several requirements 
and assumptions. The requirements are, first, that the 
guest polymer concentration be in the dilute regime, sec- 
ond, that the blend be miscible, and, third, that the model 
compound be uniformly distributed in the blend. 

Under these conditions we may assume that the guest 
polymer coils are isolated and that small changes in the 
guest polymer concentration should not appreciably in- 
crease the number of interchain contacts. Moreover, for 
sufficiently low model compound concentrations, excim- 
er-forming sites will be formed only in the polymer but not 
among the molecules of the model compound. For the 
same reason, we expect that energy migration will take 
place between the model and the polymer and within the 
polymer coil but not among the model compound rings. 
From the similarity of the model compound and monomer 
spectra we assume that the quantum yields are identical. 
Finally, we assume that the excimer-forming sites form 
nondissociative traps which do not permit transfer or 
crossing from excimer to monomer. 

The system requirements suggest that M is a constant. 
This assumption of constant M will be valid as long as R 
remains constant while the guest polymer concentration 
is varied, in the absence of model compound. To calculate 

where R = ratio of integrated areas of excimer (9,) to 
monomer (9,) fluorescence, Q, = intrinsic quantum yield 
of excimer, Q, = intrinsic quantum yield of monomer, and 
M = probability of eventual excitation dissipation by ra- 
diative or nonradiative paths from a monomer site. 

Although eq 1 does not presuppose a specific photo- 
physical model, Q,/Q, is assumed to be independent of 
concentration, but not necessarily of temperature, for a 
given polymer blend. Note that in earlier work Q,/Q, was 
denoted as Qd/Q,.'j In general, M is a complex function 
of polymer concentration, molecular weight, and temper- 
ature. Regardless of the model used to develop an ex- 
pression for M ,  Q,/Q, must be known in order to use eq 
1 to analyze quantitatively the fluorescence of polymer 
blends. 

In a recent review, it was proposed that an average value 
of Q,/Q, determined in various solvents could be used for 
polymer films.7 This assumes, however, that Q,/Q, is 
independent of both the chemical interactions as well as 
the fluidity of the host matrix. Although Q, and Q, seem 
to be independent of solvent for the aryl vinyl polymers, 
polar solvents do lead to higher values of Qe/Qm.7 In ad- 
dition, a slight matrix dependence has been found for the 
poly(naphthylalky1 methacrylates).8 Moreover, there does 
not seem to have been any study of the influence of fluidity 
in liquid and solid matrices of similar chemical composi- 
tion. 

In view of the possible errors associated with the use of 
solution values for Q,/ Q,, we have developed an experi- 
mental approach to the determination of Q,/Q, in a sol- 
id-state blend. The method requires that the blend be 
miscible a t  low concentration of the fluorescent polymer. 
Then a suitable small molecule that accurately models the 
fluorescence of the polymer monomer is dispersed in the 
blend. As will be shown, this approach has the advantage 
of requiring only photostationary-state measurements of 
the ratio of net quantum yields of excimer and monomer. 

Photophysical Model 
Before we describe the proposed model, it is of interest 

to outline previous approaches for the determination of 
Q,/Q,. In the first method, which is based upon the early 
work of Hirayama and L i p ~ k y , ~  it is noted that 

where 9, and 9, are the net quantum yields of excimer 
and monomer. Two experimental approaches have com- 
monly been taken for application of eq 2.9J0 In the first, 
9, and 9, are measured in a series of solvents. Then, if 
Q, and Q, are independent of solvent, a plot of 9, vs. a, 
will yield Q, and Q,. Alternatively, 9, and 9, may be 
measured as a function of polymer molecular weight. If 
Q, and Q, are independent of molecular weight, a plot of 
9, vs. 3, will also yield Q, and Q,. 

The principal barrier to this type of approach in polymer 
films is that it is difficult to measure the net quantum 
yields. This is primarily because it is difficult to make 
films of exactly the same thickness, reproducibly. Thus, 
the optical path length is generally not well-defined. In 
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the dimensionless concentrations, and it  is well-behaved 
at  long times and higher concentrations. Combining eq 
14  and 15, we obtain 

(17) A = a p / ( l  + cup) 

where 

R we start with simple probabilistic arguments 

Qe Pe R = - -  
Qm P m  

where P,, P ,  = probability of excimer or monomer decay. 
Furthermore, we find that 

(9) 

(10) 

where f p  = fraction of rings in polymer, Le., f = f e  + f m p ,  
f ,  = fraction of rings in excimer-forming sites (EFS) based 
upon the total number of rings in the system including 
both polymer and model compound, f m p  = fraction of rings 
in monomer sites on the polymer, f , ,  = fraction of rings 
in model compound, and A = probability of eventual 
transfer from model to polymer. Combination of eq 8-10 
leads to 

Pe = f p ( 1 -  M) + fmmA(1 - M) 

P m  = f p  + f m m A M  + f m m ( 1 -  A) 

where 

P = f m m / f p  

To derive an expression for A ,  we require the time-de- 
pendent probability that an excitation created on a model 
ring a t  time zero still resides on the same ring a t  a later 
time t. This probability will be designated GYt), and it 
is related to A by 

-dt Gs(t)e-kmt 

Jcdt e - k m t  
A = l -  (12) 

where k ,  is the inverse of the measured lifetime of an 
excitation on an isolated model ring. If the Laplace 
transform is defined by 

eq 12  can be written 

An approximation to @ ( E )  can be obtained by assuming 
isotropic Forster transport and by neglecting excitation 
transfer between model rings, which are present a t  low 
concentration. Furthermore, the model rings and guest 
polymer molecules are assumed to be randomly distributed 
in the host matrix. Under these conditions, the two-par- 
ticle Pad6 approximant for Gs(e) takes the form12*13 

-1 
= 1 + T [  c,, + TI;] Ce k m  (15) 

2312 

where C, and Ce are dimensionless concentrations of 
monomeric and excimeric rings on the polymer 

4 f m p  
C,, = p-7rRo3N- 

3 fP 

4 f e  C, =: p-rRO3N- 
3 f P  

where Ro is the Forster radius for transfer between model 
and polymer rings, N is the average number of chromo- 
phores per chain, and p is the number density of guest 
polymer molecules. Equation 15 is exact to first order in 

A t  this point, it is apparent from eq 11 and 17 that use 
of experimentally specified values of and p along with 
measured values of R leads to a three-parameter model in 
the unknowns Q , / Q m ,  M ,  and cy. This model may be sim- 
plified for the case where the polymer and the model 
compound concentrations are low. If this is true, we may 
neglect transfer from the model to the polymer; hence, A 
<< 1. Furthermore, if detailed information about the 
one-dimensional energy transport is not desired, then M 
may be treated as a simple constant. Under these con- 
ditions eq 11 reduces to a two-parameter fit 

In order to characterize the energy-transport process, 
it is necessary as a final task to develop an analytical 
expression for M. We will present the results of two dif- 
ferent modeling efforts. In the first treatment, from ar- 
guments based upon the statistics of a one-dimensional 
random walk on a polymer chain in the limit of infinite 
molecular weight, M is given by6J4 

n .2 m 

1 + 2E + (1 + 4E)'i2 
B = - l n  

2 ' [  2E 

where qd = f e / 2 f p  and E = W/k, .  W is the one-dimen- 
sional nearest-neighbor transport rate and k, is the mo- 
nomer decay rate. 

A second, more recent, and exact solution to the one- 
dimensional, nearest-neighbor transport and trapping 
problem is given by Movaghar15 

where 

= g / k  + 1) 

g = [(l + 4E)'i2 - 1]/2 (23) 

If detailed information about the one-dimensional 
transport process in the polymer is desired, then either of 
the models could be used to calculate M.  Since each of 
these relations for M contains two unknowns, f e / f m p  and 
W, one of these quantities must be fixed and the other 
used as a fitting parameter. The method of doing this is 
described in the Results and Discussion section. 

Experimental Section 
The PBVN was a polydisperse sample prepared and purified 

by Gashgari' with a molecular weight peak at  71 OOO as determined 
by GPC.le The poly(cyclohexy1 methacrylate) (PCMA) and 2- 
ethylnaphthalene (2-EN) were obtained from Aldrich Chemical 
Co. and used as received. The toluene is Burdick and Jackson 
"distilled-in-glass" grade. 
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Figure 1. Typical corrected spectrum of P2VN mixed with 2-EN 
in the PCMA host. Both the structured monomer envelope and 
the unstructured excimer envelope are shown with dashed lines. 

The films were prepared by making approximately 1-mL 
toluene solutions containing a total of 30 mg of polymer and the 
desired ratio of 2-EN to P2VN. The solution was then allowed 
to dry on a microscope slide using a surface area of 1 in. x 2 in. 
Care was taken in the selection of microscope slides since it was 
found that their fluorescence varied considerably from box to box, 
and manufacturer to manufacturer." In general, the integrated 
signal of the intrinsic slide fluorescence was about 1% of the signal 
from the sample fluorescence. 

One experimental requirement with films prepared by solvent 
casting is that the model compound should be as nonvolatile as 
possible so that the dried film contains the desired amount of 
model compound. Since the boiling point of the casting solvent 
is 110.6 "C, all of the films were dried for only 1 day and the 
spectra promptly taken. With these precautions the loss of 2-EN 
was considered negligible. 

After the films were allowed to dry overnight at room tem- 
perature, three spectra were taken from different portions of each 
film sample. The excitation wavelength was 290 nm. Front-face 
illumination spectra were taken in air, at room temperature, on 
a spectrofluorimeter that has been described elsewhere? The data 
were collected and stored on a PDP 11/23 minicomputer. A 
spectral correction for the instrument response was applied, and 
integrated areas for the monomer and excimer were calculated 
by using programs adapted from the work of Fitzgibbon.l* 

Results and Discussion 
There are four sets of data in this study. In three of 

them the PBVN concentration is held constant a t  either 
0.15, 0.30, or 1.0 wt % where P is varied from 0.0 to  2.0. 
In the fourth data set the P2VN concentration is varied 
from 0.1 to 1.0 wt % while fl is held constant a t  1.0. We 
will begin by discussing the first group of three data sets. 
A typical spectrum is shown in Figure 1. Both the mo- 
nomer (structured high-energy emission) and excimer 
(structureless low-energy emission) envelopes are shown. 

PCMA was chosen as the host matrix because excimer 
fluorescence experiments have shown it to be one of the 
most compatible poly(alky1 methacrylates) with P2VN.6Jg 
In a separate study, blends were prepared over the com- 
plete concentration range of PBVN and PCMA. All of 
these films were clear when cast from toluene. Further- 
more, the excimer fluorescence showed no abrupt change 
with concentration that would suggest phase separation. 
The question of the miscibility of the PBVN/PCMA blend 
will receive detailed treatment in a future paper.20 

The average value of R among the different data sets 
when /3 = 0 is 1.59 f 0.10, which is constant within ex- 
perimental error. This is important, since it helps to es- 

. 1 5 2 P z V N  
1 

E 1 i[ f \ 

I '  I 
0 0  8 5  I 0  1 5  2 0  

6 

Figure 2. Comparison of fluorescence data with the best fits of 
the three-parameter (solid line) and two-parameter (dashed line) 
models. The concentration of P2VN is held constant at 0.15 wt 
%. See the text for the definition of 8. 

302 PzVN 
/ 

B 

Figure 3. Comparison of fluorescence data with the best fits of 
the three-parameter (solid line) and two-parameter (dashed line) 
models. The concentration of PPVN is held constant at 0.30 wt 
%. 

tablish the fact that M is not varying appreciably for the 
three different concentrations of PBVN. Other experi- 
ments have shown that R starts to increase with concen- 
tration once the concentration of PBVN in PCMA is be- 
yond about l %  .20 This is good agreement with the fact 
that C*, the concentration that marks the transition from 
the dilute to semidilute regime, is about 2.5 wt % P2VN. 

The three-parameter model was fitted to the entire 
collection of data for this blend, which contains a total of 
almost 300 data points. The least-squares fitting program 
that was used has a provision that allows for the initial 
guesses to be randomly perturbed values of the previous 
best fit. In this way the uniqueness of the solution can 
be tested. Once a good general best fit was found, the 
parameters were randomly perturbed by a maximum of 
f50% and then used as initial guesses for a new iteration 
cycle. After 20 such iteration cycles the best fit was found 
to be 

Q,/Q, = 0.44 f 0.08 

M = 0.22 f 0.02 

a = 0.56 f 0.12 

x 2  = 9.4 f 10-4 

where 

(Rexptl - R d 2  
x 2  = 

degrees of freedom 

and p is expressed as the weight percent of P2VN. These 
results are shown in Figures 2-5 with the solid line rep- 
resenting the fitted curve for the three-parameter model. 
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Figure 4. Comparison of fluorescence data with the best fits of 
the three-parameter (solid line) and two-parameter (dashed line) 
models. The concentration of PSVN is held constant at 1.0 wt 
%. 

6 = 1 . 0  

1 
: l  

Figure 5. Comparison of fluorescence data with the three-pa- 
rameter model (solid line) and the two-parameter model (dashed 
line). B is held constant at 1.0. 

If the 0.15 and 0.30 wt % data are fitted to the two- 
parameter model, the results are 

Q,/Q, = 0.50 f 0.05 

M = 0.22 f 0.02 
x2 = 3.17 X lo-' 

The fit is shown in Figures 2-5 as a dashed line. x2 ,  which 
is a measure of the goodness of fit, is much larger for the 
two-parameter model; furthermore, the 1.0 wt 5% data are 
not fitted very well with the two-parameter model. This 
is not a t  all surprising since the 1 wt % P2VN films are 
approaching the semidilute regime. Because of this, many 
of the 2-EN molecules will be close enough to a polymer 
molecule to allow single-step energy transport to the 
polymer. These results show the need for using the 
three-parameter model for all but very dilute cases. 

Semerak has performed an extensive literature survey 
of the fluorescence of various naphthalene-based model 
compounds in solution7 in which he found Q,/Q, = 0.55 
f 0.15. Although the difference between this average 
solution value and the present result of 0.44 f 0.08 for the 
three-parameter fit is only modest, the most accurate work 
for future studies with polymer blends would still warrant 
use of the model compound approach. 

Equation 18 can be used to calculate a value of Ro from 
C Y ,  which will serve as a check on the accuracy of the a 
value. Since p was in units of wt % PBVN, care must be 
taken to convert CY to the proper units of A3/(number of 
molecules) in order to use eq 18. If we assume that Ro is 
the same for the model, monomer and excimer, then Ro 
= 11.75 A". The result is (Yc&d = 0.33 while CYexptl = 0.56 
f 0.12. The agreement between experiment and theory 
is good. The fact that ac&d is less than aeXptl implies that 

t 4 

4 
E ( k / ~ m )  Y i e - '  

Figure 6. Comparison of the two different models for the de- 
pendence of M on E, for a given f,lf, = 0.027. The two models 
are superimposable, within the accuracy of the plot. 

the real transfer rate from the model to the polymer is 
somewhat higher than the theory would predict. A close 
inspection of eq 18 shows that CY is not very sensitive to 
changes in f , ,  since f e / f p  + f m p / f p  = 1. Although the dif- 
ference between add and aeXptl could be accounted for by 
a 12% increase in Ro, this is not considered likely. The 
most likely cause for the difference between experiment 
and theory is that the model compound may not be uni- 
formly distributed. If the model compound preferred the 
guest polymer, then this could account for the increase in 
a for the experimental case. 

The final point of interest is to calculate E,  the ratio of 
the rates of one-dimensional transport, W ,  to monomer 
decay, k,, by using the relations in eq 20 and 22. Each 
of these methods of calculating M has two unknowns, W 
and f , / f , , .  Since f , /f , ,  can be calculated from confor- 
mational statistics, it is then straightforward to determine 
W and, hence, E. 

A similar problem has been solved for polystyrene (PS).22 
Since a detailed conformational calculation for P2VN 
would require tacticity information, which we do not have, 
and since the energy maps for bichromophoric models of 
P2VN are very similar to PS,23 we will use the results of 
the PS calculation.16 The only difference is that the tt- 
meso dyad, which is the dominant EFS, has one more 
degree of freedom in the P2VN as compared to PS. The 
naphthyl rings in P2VN may rotate and assume two dif- 
ferent positions, one of which is an EFS, the other of which 
is not.7 Assuming equal probability for these events, we 
arrive at  a value of f , / f , ,  = 0.027.16 

The dependence of M on E,  using this value of f e / f m p ,  
is shown in Figure 6. Both eq 20 and 22 yield the same 
results, to within a few percent. However, eq 20 takes 
about 1 order of magnitude more terms to converge, and 
much more computer time than eq 22. From the value of 
M = 0.22 determined earlier, we find from Figure 6 that 
E = 5900 f 800. 

In the recent study of PS,22 E was calculated by using 
the model of Fitzgibbon6 It  was found that E = 660i6 for 
PS in poly(viny1 methyl ether), This is of interest since 
it shows that the relative rate of one-dimensional transport 
to monomer fluorescence is 1 order of magnitude larger 
for P2VN than for PS. Therefore, the exciton in P2VN 
is likely to sample many more sites during its one-di- 
mensional random walk than an exciton in PS. 

In summary, a straightforward experimental technique 
has been developed for determining the value of Q,/Q, 
for polymeric systems in the glassy amorphous state. In 
particular, a value of Q,/Q, = 0.44 f 0.08 was found for 
P2VN in PCMA. In light of the relatively small difference 
between this value for Q,/Q, and that estimated earlier,7 
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it appears that the effect of the solid matrix is only small. 
A more important observation is that the ratio of the rate 
of one-dimensional transport to the monomer decay rate 
is 1 order of magnitude larger for PBVN than for PS in 
solid-state blends. This will be relevant to the analysis of 
the photophysics of PBVN and PS in solution. In such a 
case segmental motion could play a significant role in the 
overall excimer formation process if the rate of confor- 
mational change is comparable to the rate of the exciton 
migration among the chromophores. 
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