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ABSTRACT: Fluorescence spectra and fluorescence decays of dimethylphenyldisiloxane (DS) and of poly- 
(methylphenylsiloxane) (PMPS), in methylcyclohexane dilute solution, were measured in a range of 
temperatures (-132 to +50 "C). This range is shown to cover both the low- and high-temperature limits and 
the crossover region. The steady-state results for DS show a typical Arrhenius behavior, compatible with 
a simple Birks kinetics. DS monomer fluorescence decays are biexponential, showing evidence for excimer 
dissociation, compatible with an isoemissive point observed in the range 5-27 O C .  An excimer rise time could 
be observed for DS at the lowest temperatures, but the s u m  of the preexponential factors is larger than zero, 
proving that a certain fraction of the excimers come from ground-state dimers. In order to account for the 
presence of such preformed dimers, the kinetic scheme has been modified and the proper equations for this 
modified scheme have been derived. The steady-state results for PMPS indicate that about 50% of the 
chromophores form part of the ground-state preformed dimer conformations. Fluorescence decays of PMPS 
are too complex to yield kinetic parameters with physical meaning, but the steady-state results allow the 
extraction of the rate constant for excimer formation and its activation energy. A complete set of the Birks 
scheme rate constants was obtained as a function of temperature for DS, both from steady-state and transient 
experiments, with a good coincidence of the results obtained by the two methods. Apparent and corrected 
values of the rate constant for excimer formation, taking into account the contribution of ground-state preformed 
dimers, were also obtained. 

Introduction 
Methylphenylsiloxane chain molecules have very in- 

teresting photophysical behavior. Their fluorescence 
spectra are dominated by the emission from excimer, which 
in the homopolymer overshadows that of the monomer.14 
The temperature dependence of such excimer-monomer 
emission presents an isoemissive point indicative of an 
excited-state e q u i l i b r i ~ m . ~ ~ ~  At room temperature the 
behavior is typical of systems which are in the high- 
temperature limit (HTL),24 contrary to  what is usual in 
other phenyl-containing polymers, in which at  ambient 
temperature the behavior is typical of the low-temperature 
limit (LTLL2t7 In order to explain this accessibility of the 
siloxanes to the HTL, the great conformational flexibility 
of these molecules has been i n ~ o k e d . ~ ~ ~ ~ ~ ~ ~  

The analysis of flexibility in the polymer requires 
knowledge of what happens in the more simple structure 
of adiad, which can be represented by the dimer molecule. 
The stationary spectrum of such a dimer shows that, similar 
to what happens with the polymer, the ambient-temper- 
ature behavior of disiloxane is also typical of the HTL, 
with the same isoemissive point.2 

The question is, by lowering the temperature suffi- 
ciently, will it be possible to block the attainment of 
excited-state equilibrium and reach the LTL in these 
compounds? The effect of lowering the temperature may 
be different in the long-chain polymer and in the dimer, 
hence the interest of studying both in parallel. 

In the present work we study the photophysics of 
methylphenylsiloxane polymer in comparison with that 
of the disiloxane molecule. The emphasis is on the 
temperature dependence of their emission spectra in a 
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broad range extending down to very low temperatures, 
from -132 to +50 "C. Our study covers both the stationary 
spectra and the transient-state emissions of these mole- 
cules. As we shall see, the decay of the polymer is more 
complex than that of the dimer and both types of molecules 
differ in their conformational behavior a t  low tempera- 
tures. 

Conformational analysis of these molecules has shown 
that a large fraction of their ground-state conformers are 
preformed dimems It is then to be expected that an 
important part of the excimer emission (which is dominant 
in these systems) will come from such preformed dimers. 
The results to be presented below provide experimental 
evidence confirming the influence of such preformed 
dimers on the fluorescence of these molecules. Hence, 
excimer emission takes place by (at least) two mecha- 
nisms: kinetic (chain rotation) and equilibrium (preformed 
dimers). Defining a rate constant for excimer formation 
gives then only an apparent value. In the present paper 
we take into account both mechanisms of excimer for- 
mation in the kinetic scheme and use proper equations 
which allow us to distinguish the true rate constant from 
the apparent one. 

Experimental Part 

The homopolymer PMPS (M,  = 1.15 X 106, M,/M,, = 1.71) 
was part of a sample used in a previous work.* The dimeric 
analog, dimethylphenyldisiloxane (DS), and two monomeric 
analogs, phenylmethyldimethoxysilane (MS) and phenyldime- 
thylethoxysilane (MSET), were purchased from Petrarch Systems 
and purified by preparative HPLC.l0 MS was the monomeric 
analog of PMPS, and MSET was the analog of DS as explained 
in ref 10. 

0 1994 American Chemical Society 
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Figure 1. Fluorescence spectra of DS, in a MCH dilute solution, 
at different temperatures. 

Solvent used for fluorescence measurements, methylcyclo- 
hexane (MCH; BDH, laboratory reagent), was purified as 
previously described." 

Steady-state fluorescence spectra were recorded with a Spex 
Fluorolog F212I. The spectra were corrected as previously 
described in ref 11. Solutions of optical density less than 0.6 at 
the excitation wavelength (260-270 nm, depending on the 
experimental conditions) were degassed by the freeze-pump- 
thaw technique (six cycles at lW Torr) and then sealed. Solutions 
of the monomeric analog and of DS or PMPS to be compared 
with the first one were prepared with exactly the same optical 
density at the excitation wavelength. The temperature ramps 
were repeated at least three times, and the reproducibility was 
found quite acceptable. 

The methodology followed in the analysis of the fluorescence 
decay times measured using the method of time-correlated single 
photon counting is the same as described before.s Samples used 
were the degassed samples employed for the steady-state 
experiments. The excitation wavelength was 250 or 260 nm 
(depending on the experimental conditions), and the monomer 
and excimer emissions were analyzed at 280 and 330 nm, 
respectively. 

Results 
Steady-State Results for DS. The stationary fluo- 

rescence of DS at  several temperatures is shown on Figure 
1. The highlights of these spectra are as follows: (i) In 
the range of temperatures 5-27 "C, the monomer band 
increases and the excimer band decreases, as the tem- 
perature rises; the monomer increase is a t  the expense of 
the excimer, so that an isoemissive point exists. (ii) For 
temperatures above 27 "C, the trend is similar, but the 
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Figure 2. Arrhenius type plots of the fluorescence ratios IdI 
and (&,/I - l)so-', for DS in a MCH dilute solution. The different 
symbols correspond to different ramps of temperature. A is the 
difference of the two logarithmic functions. 

isoemissive point is no longer present; a new mechanism 
of deactivation enters into play at  about 27 0C,233 that 
breaks the isoemissive point. (iii) On decreasing T below 
5 "C, the trend of the excimer band is opposite; the excimer 
decreases with T, until it almost disappears a t  -115 "C. 
This vanishing of the excimer band at  very low T is a 
surprising result, if we consider that a large fraction of 
ground-state preformed dimers is predicted for disiloxane 
from conformational a n a l y s i ~ . ~ ~ ~  According to the present 
results, such preformed dimers are almost nonexistent a t  
the lowest T in the dimer. 

What is most interesting from the temperature variation 
of these spectra is that, on lowering the temperature, we 
are able to change the regime, from the HTL, observed at  
room temperature, to the kinetically controlled LTL, with 
a crossover region in between them. The two limits, and 
the crossover, can be seen in Figure 2, where we show plots 
of ln(Zo/Z - 1 ) / ~  vs 1/T and In IE/I vs 1/T. ZO represents 
the integral of the emission spectrum from the monomeric 
analog (MSET for DS; see the Experimental Part), and 
ZE and Z are the integrals of the excimer band and of the 
monomer band of the DS spectrum, respectively. TO is the 
lifetime of the monomeric analog, taken from ref 10. The 
results clearly describe two straight lines of opposite slopes, 
which correspond to the LTL and to the HTL, respectively. 
The transition point between them can be situated at -24 
"C. 

From the slopes of these straight lines drawn, we 
determine the activation energy, E, (LTL), and the 
enthalpy, AH (HTL), corresponding to the monomer to 
excimer formation process, with the following results 
(kcaVmo1): E, = 3.2; AH = -4.0 (previous results in 
cyclohexane had given AH = -3.4).2p3 Some more kinetic 
parameters can be determined from the plots shown in 
Figure 2, if a proper kinetic scheme is used. Ground-state 
preformed dimer~E*~ must be, in principle, taken into 
account for phenylsiloxanes. Thus, the kinetic scheme 
shown as Scheme 1 has been proposed5J2for these systems. 
a is the fraction of ground-state conformers which are 
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preformed dimers, and K, is their equilibrium constant: 
Ke = a / ( l  - a). The kinetic equations deduced from such 
a scheme for the stationary state are as follows: 

IE k', 7'o(k, + a7;l) 
(2) 

k, is the rate constant for the monomer to excimer 
formation, kd is the rate constant for excimer to monomer 
dissociation, 7'0 is the lifetime of the excimer, and k~ and 
k ' ~  are the rate constants for monomer and excimer decays, 
respectively. 

The usual procedure for determining the rate constant 
for excimer formation, k,, is to neglect preformed dimers 
(CY = 0) and to assume kd7'0 << 1 (LTL). Thus, the left- 
hand side of eq 1 yields ka. From the intercept of the line 
corresponding to the LTL in the Arrhenius type plot of 
( Io/ l -  1)70d1 - k, = ka" exp(-EJRT), we get, for DS k," 
= 2 X 1OI2 s-l and E, = 3.2 kcal/mol. The k, extrapolated 
to 20 "C with the Arrhenius expression gives the value 8 
X lo9 s-l, which will be compared below with the result of 
transient experiments. 

The difference between &/I - 1)/q or IE/I values 
measured at  the crossover transition temperature and the 
corresponding ones extrapolated from the LTL and HTL 
straight lines is equal to ln(2- a), and since, for this system, 
it is approximately equal to In 2, this means that only a 
very small fraction of ground-state conformers (below 10 % ) 
are dimers a t  the crossover temperature (-24 "C). This 
result is in accordance with the transient-state results (see 
below), but it is unexpected as mentioned before. 

It can be seen in Figure 2 that there is a difference (A = 
C + ln(l/r'O)) between ln(Io/I- 1)/70 and In IdI which is 
about constant for the lowest temperatures but increases 
sharply in the high-temperature range. This is due to the 
fact that 7'0 is temperature dependent, and this is especially 
important for the higher temperatures (T > -20 "C). I t  is 
also worth noting that we attain a good result with the 
(Zo/I- l ) / ~  representation because we are using a proper 
model compound (MSET) for the monomer, as discussed 
in ref 10. 

As we shall see in the next section, 7'0 obtained from 
transient experiments is 7'0 = 12.5 X lO-gs ,  a t  the crossover 
T = -24 "C. Hence, the rate constant for the excimer to 
monomer dissociation, kd, at  this temperature, is kd = 1/#0 
= 8.0 X lo7 s-l. The activation energy for such excimer 
dissociation, Ed, can be estimated from the values of E, 
and AH quoted above: Ed = E,  - AH = 7.2 kcal/mol. From 
k,, kd, E,, and Ed, we obtain, for T = 20 "C, the values 
shown in Table 1. 

Transient-State Results for DS. The results ob- 
tained with the single-photon-counting technique for the 
decays of DS are shown on Figure 3 for a representative 
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Figure 3. Monomer (290-nm) and excimer (330-nm) decay of 
DS, in a MCH solution, at -100 OC (parameters in Table 2). 

Table 1. Comparison of the Kinetic Parameten Obtained 
from Stationary Spectra and from Tranrient Experiments 

(Decays), for the Dimer (DS), in Methylcyclohexane 
Solutions 

stationary transient 
crossover LTL-HTL 
E,, (kcal/mol) 
Ed (kcal/mol) 
AH (kcal/mol) 
k,O (8-l) 
kdo (8-l) 
k. (20 OC) (9-9 
kd (20 "c)  (F1) 

-24 "C 
3.2 
1.2 
-4.0 
2 x 10'2 

8.0 X 1Og 
6.1 X 1@ 

1.6 x 1014 

-21 O C  

2.8 
6.5 
-3.3 
1.2 x 10'2 
3.4 x 10's 
9.8 X 100 
4.8 X 108 

Table 2. Best Fit Parameters of Monomer and Excimer 
Emission Decays for DS in a MCH Dilute Solution, M a 

Function of Temperature, from Global Analyeis 

-100 2.83 15.3 9.6O 0.18O 1.1 
-1.3 5.1 

-70 0.93 13.3 20 0.19 1.3 
0.23 6.9 

-1.6 6.1 
-40 0.36 13.7 49 0.51 1.4 

-30 0.20 13.0 83 0.71 1.2 
1.2 6.9 

-20 0.23 10.7 67 1.1 1.3 

21.5* 0.11 9.7 36 2.2 1,2 
First row, monomer; second row, excimer. * At 21.5 OC, only 

-1.8 4.9 

monomer emission decays were analyzed. 

temperature. For other temperatures the results are 
similar (see Table 2). The decays are in all cases 
biexponential, which is again compatible with a Birks 
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Table 3. Kinetic Parameters for the Dimer (DS), from 
Transient Experiments (Decays), in Methylcyclohexane 

Solutions (a = 0) 

T ~ C  k j i 0 9  5-1 kd107 5-1 r ' 0 / 1 ~ 9  8 7 0 / 1 ~ 9  8 

-2 0 
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PMPS I MCH 

I I I 

-100 0.32 0.46 15.2 30.2 
-70 1.03 0.91 13.2 28.0 
-40 2.7 3.1 13.7 18.7 
-30 4.2 4.5 12.9 16.6 
-20 4.2 7.1 10.7 13.0 

21.5 8.3 53.0 11.1 3.1 

scheme (see Scheme 1). Both the monomer and the 
excimer decay have a third component of very small 
amplitude, which represents less than 6% of the total 
intensity a t  -100 "C with a very long time constant (78 ns 
at -100 "C). I t  could be due to impurities, although 
repeated HPLC purification did not eliminate it. I t  seems 
reasonable to neglect this long component and interpret 
the results with a global biexponential analysis. 

The kinetic equations deduced from Scheme 1 for the 
transient-state decays are as follows: 

(3) 

(4) 
where X1 and X p  have the same meaning as in a simple 
Birks ~ c h e m e : ~  

~,(t)  = alle-xlt + u12e-x2t 

~ , ( t )  = azle-'lt + aZ2e-'zt 

X2,1 = i{x + Y f [(x - v2 + 4k,kd]1'2) (5) 

with X = k, + 1/70 and Y = kd + 1/7'0. But now the 
preexponential amplitudes are 

a11 = kF[(X2 - x)(1 - a) + akdl/(X2- XI) 

a12 = k,[(X- X1)(1-  a) - akdl/(X, - Xi)  

a21 = k',[k,(l- a) + a ( X  - X1)1/02 - A,) 
a22 = k'F[-k,(l - a) -t a(X-2 - x)l/(X2 - Xi)  (6) 

Table 2 shows the best fit parameters of a global analysis 
of monomer and excimer decays at  different temperatures, 
and Table 3 summarizes the values determined for the 
rate parameters of Scheme 1, assuming cy = 0. They are 
also shown in Figure 4 as a function of temperature. We 
can see thatn 7'0 is much less sensitive to temperature 
than 70 is. From the temperature variation of the rate 
constants, we get the corresponding activation energies. 
In Table 1 we show the result in comparison with the 
corresponding values determined from the stationary 
spectra. In general, there is good agreement and a single 
picture emerges. 

A rise time can be observed (Table 2) for the excimer, 
but the sum of the preexponential factors is larger than 
zero. A rise time could be detected at  room temperature 
in a copolymer, only when using a very viscous solvent 
(heavy The preexponential factors did not add up 
to zero in that case either.5 Here, with DS, we find a similar 
situation by lowering T. 

From the results of Table 3 shown in Figure 4, we can 
see that, although kd is always smaller than ka at the 
temperatures studied, the increase with T i s  larger for kd 
so that, extrapolating the experimental results, it is possible 
to predict that kd  will reach the same value as k, a t  about 
70 "C. On the other hand, k, follows a typical Arrhenius 
behavior, whereas the other rate constants of Scheme 1 do 
not. 

Steady-state Results for PMPS. The results for 
polymer PMPS obtained from the stationary spectra are 

2 2  - 
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Figure 4. Rate constants for the excited-state process of DS, in 
a MCH dilute solution, as a function of temperature. k~ = 1/70; 
k E  = 1/T'O. 

20 " 
i 
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Table 6. Apparent and Corrected Values of the Rate 
Constant for Excimer Formation of PMPS in a MCH Dilute 

Solution, Determined from the Steady-State Results, at 
Several Temperatures 

300 350 400 
Wavelength ( n m )  

Figure 6. Fluorescence spectra of PMPS, in a MCH dilute 
solution, at different temperatures. 

Table 4. Kinetic Parameters for the Polymer (PMPS), 
Obtained from Stationary Spectra, in Methylcyclohexane 

Solutions 
crossover LTL-HTL 
E. (kcal/mol) 
AH (kcallmol) 
kao (8-9 
k ,  (20 "C) (s-l) 
01 (-6 "C) 

-6 " C  
3.2 
-3.9 
1.7 X lo1* 

0.48 
6.7 x 109 

This is in contrast with what is observed in the disiloxane, 
where no significant curvature of the plots appears (and 
IdI tends to vanishingly small values). 

The difference between (Io/I - 1 ) / q  or IE/I values 
measured at the crossover transition temperature and the 
corresponding ones extrapolated from the LTL and HTL 
straight lines is equal in this case to about 0.42, that 
corresponds to a = 0.48, much larger than for DS and not 
far from the theoretical prediction: 0.6.8,9 Above this 
temperature, the behavior is dominated by equilibrium in 
the excited state. Below it, the control is mainly kinetic, 
but with a large proportion of preformed dimers. 

The similarity of the two representations, (Id1 - 11/70 
andIE/I (Figure 5), is attained only when the proper model 
compound is used. For the polymer PMPS this model is 
MS, as discussed in ref 10. 

The analysis of the data in Figure 5 in the linear part 
of the LTL yields (assuming a = 0 and kd7'0 << 1) for the 
monomer to excimer formation the values E, = 3.2 kcal/ 
mol and k," = 1.7 X 10l2 s-l, which extrapolate to k, = 6.7 
x 109 s-1 at  20 "C. It is interesting to compare these values 
of the polymer with those obtained for the dimer. As we 
can see in Tables 1 and 4, they are very similar. Extrap- 
olation to 20 "C yields for k, a value very close to that of 
the dimer. Hence, the kinetic formation of excimer seems 
to be as fast in the polymer as it is in the dimer. Notice 
that the order of magnitude of k, at 20 "C is almost 1Olo  
s-1, hence a very fast process compared to other phenyl- 
containing polymers.' 

The assumption a = 0 in eqs 1 and 2 is reasonable for 
DS, but it cannot be made for PMPS. Thus, the above 
k, and E,  values are apparent values (kaap and EaaP) which 
should be corrected to take into account the contribution 
of preformed dimers. The relationships between the true 
values, k, and E,, and the apparent ones deduced above, 
keaP and Eaap, are6 

(7)  

TI"C kaaP/lOg s-1 kd109 8-1 

-100 
-70 
-30 
-20 

0 
20.5 

0.6 
1.7 
2.3 
2.9 
4.7 
7.0 

0.3 
0.9 
1.4 
1.9 
3.8 
6.2 

E,  = EtP - (YE, (8) 
with E, = -R d[ln Ke/(1/7')1, which for phenylsiloxanes 
takes a very low value, 0.2 k c a l / m ~ l . ~ ~ ~  Apparent ka values, 
calculated with E ,  = 3.2 kcal/mol and ka" = 1.7 X 10l2 s-l 
a t  several temperatures, and the corresponding corrected 
values, calculated from eqs 7 and 8 for (Y = 0.6, can be 
compared in Table 5. We can see that the difference 
between the corrected k, values and those assuming a = 
0 is only about 10% at  temperatures close to room 
temperature and that it grows to 100% at the lower 
temperatures. Nevertheless, a has been considered con- 
stant in these calculations and its temperature dependence 
could make even more important the correction. For Ea, 
the correction with a = 0.6 is very small, within the range 
of the experimental error. 

Evidence for ground-state preformed dimers has also 
been observed in other systems.13J4 In some of them, there 
is a driving force for dimer formation due to hydrophobic 
interactions or to mesogenic groups.13 In others, the 
chromophore is of a very short lifetime precluding the 
dynamic formation of excimers and only preformed dimers 
~0ntr ibute . l~ 

Transient-State Results of PMPS. The decays of 
the homopolymer are complex and cannot be fitted to any 
simple kinetic scheme. From the shortest decay time of 
PMPS in cyclohexane, approximate values k a  = 8 X lo9 
s-1, at  21 "C, and k, = 10 X lo9 s-l, a t  40 "C, were ~ b t a i n e d . ~  
We can see that these results are in very good accord with 
the ones obtained from stationary spectra in methylcy- 
clohexane, shown on Table 4. They also fit very well in 
the trend obtained for DS (Table 3), confirming the similar 
kinetic formation of excimer in the dimeric and polymeric 
molecules. 

Independent analysis of monomer and excimer decays 
of PMPS at  several temperatures requires three or four 
exponentials in all cases to get reasonable x2 values. Both 
monomer and excimer decays have a first component with 
a very short lifetime, lower than 0.2 ns, which represents 
less than 1 % of the total emission. Most of the emission 
corresponds, at any temperature, to the component having 
the longest ~ i .  

No rise time is detected for the excimer at any 
temperature. This is in accord with the relative importance 
which preformed dimers have in the polymer, and it is in 
contrast with what happens for DS, where a rise time can 
be detected. 

Discussion 
In spite of the similar values for the kinetic constants 

in polymer and dimer, there still remains the big dissim- 
ilarity that in the polymer a large fraction of excimers 
come from preformed dimers, in particular a t  the lowest 
temperatures attainable (see Figure 51, while in the dimer 
these preformed dimers have no observable contribution 
(see Figure 2). So, the persistence of preformed dimers 
is a genuine polymer effect. 
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On the other hand, the difference between DS and 
PMPS with regard to their low-temperature behavior 
which was interpreted in terms of differences in ground- 
state preformed dimers could also be interpreted assuming 
that energy migration can take place along the chain in 
PMPS and, of course, it cannot in DS. In this way Ita for 
the homopolymer would have two terms, a temperature- 
independent term due to energy migration and the 
Arrhenius type term due to the segmental mobility. At  
high temperatures, the second term would dominate due 
to the high flexibility of siloxanes, but for low temperatures 
k, would level off to the energy migration contribution. 
This argument would explain the habit of Figure 5. 

In order to discern whether energy migration is to be 
expected in PMPS or not, we can look at conformations. 
If we look in the traditional way, by considering just the 
states of diads, then we find that the most probable diad 
conformations are EFS8 The conclusion then is that 
energy migration should not be expected, because of the 
abundance of such diad light traps. But if we extend the 
analysis of conformations to consider the states of triads, 
then the picture changes. According to recent calcula- 
t i o n ~ , ~ ~  the most stable state of a triad (units 1,2, and 3) 
contains none of its two constituting diads (1,2 and 2,3) 
in a EFS state. To find a triad containing one of its diads 
in an EFS state, one has to go to higher energies (lower 
probabilities), the energy needed depending very much 
on tacticity. In any case, the conformational analysis of 
triads15 suggests that the diad traps are not so abundant 
and hence that energy migration is a possibility iq PMPS. 
With this hypothesis, the rate constant for energy mi- 
gration It," would be the level off value of I t ,  in the range 
of the lowest temperatures, when the rate constant for 
excimer formation through rotation is negligible with 
respect to the temperature-independent It,". That would 
make It," equal to about 5.7 X lo8 s-l. 

Thanks to the kinetic model used, we have been able to 
obtain true rate constants for the excimer formation in 
PMPS, once the effect of the direct absorption of light by 
ground-state preformed dimers has been taken into 
account. Our results show that the influence of preformed 
dimers on E ,  values Is almost negligible. Regarding It , ,  
the absolute difference between the apparent and true 
values is in the range (0.3-1.0) X 109 s-1, which makes the 
correction important a t  the lowest temperatures but not 
so relevant at temperatures close to ambient temperature. 

The results deduced from the stationary state and from 
the transient experiments are very much coincident, 
yielding support to the kinetic scheme that we have used 
to interpret them and also to the correct choice of model 
molecules for the monomeric unit. 

The rate constant values deduced show that the chain 
mobility is very similar in the dimer and in the high 
polymer. In both cases, these rate constants are much 
higher than in other polymer systems, evidencing, from a 
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photophysical point of view, the very high chain mobility 
of the siloxanes. This is also the reason why the role of 
preformed dimers is diminished in spite of their relatively 
large abundance in the siloxanes. As eqs 1 and 2 show, 
the fraction of preformed dimers, a, is modulated by ~ 0 - l  
and the result a70-l has to be large in comparison to k, if 
the dimers are to represent a sizable contribution to 
fluorescence. Here, both I t ,  and a are much larger than 
in typical hydrocarbon chains, but, as the numerical results 
of Tables 3 and 5 show, I t ,  dominates over a70-l at all 
temperatures. In other systems of lower a the contribution 
from preformed dimers can nevertheless be very large, if 
TO is very small14 or if I t ,  is small. This is in accordance 
with previous conclusions based on the dependence of 
excimer emission on the viscosity of the medium for the 
siloxanes.12 

The rate constant values obtained also show that excimer 
dissociation is a very effective process, kd attaining very 
high values as temperature increases and becoming the 
dominant effect. 
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