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Recent contributions in Phys. Rev. Letters indicate that the inter- 
pretation of fluorescence decay experiments in anthracene is by no 
means clear-cut.',' The basic dilemma is how t o  reconcile the 
fluorescence experiments of Bergman et a1.l with the photogenera- 
tion of free carriers experiments of Silver et aL3 Bimolecular rate 
constants are derived from both of these experiments which differ 
by a factor of about 10'. Thus, if these experiments are measuring 
the same basic processes a serious discrepancy exists. 

The purpose of this note is t o  outline a more careful kinetic 
analysis. It will be shown that fluorescence decay curves are not 
diagnostic of dissipative (i.e. non-fluorescent) processes, that at  
least two dissipative processes are needed to explain the available 
experimental data, and that the bimolecular rate constants 
measured by fluorescence decay and by carrier production are not 
the same. 

The basic assumptions in all the treatments are that singlet 
excitons decay by fluorescence and also by forming an intermediate 
by a bimolecular process. The intermediate then may decay by 
producing free  carrier^,^ by autoionization,' etc. These basic 
assumptions are retained. Further, interest here id focused on 
processes following pulse generation, and consequently generation 
terms are not considered,* i.e. at  time zero the system contains a 
certain concentration of singlets. The various processes may be 
symbolized by the equations : 

B8 

n - t q  
t Work support,ed by the U.S. Atomic Energy Commission. 
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Ki 

K2 
n + n  2 n2 

Ka 
n2 -+ Pl 

R4 

n2 --f p2 

where n = concentration of singlets 
n2 = concentration of intermediate 

q = concentration of light quanta 
PI, P2 = products of dissipative processes 

The differential rate equations corresponding to Eqs. (1-4) are 

d n  
dt 
- _  - -/38n-ZKln2+2K2n2 

- an2 = K l n 2 - K K o n 2 - K 3 n 2 - K 4 n ,  
dt 

= K 3 n 2  
dt 

- -  - K 4 n 2  
dt 

df2 - = P8n 
at (9) 

The last equation simply states that the measured intensity of 
fluorescence, which is proportional to dq/dt,  is proportional to the 
singlet concentration and hence measures n directly. 

These coupled non-linear differential equations cannot be solved 
in closed form. The usual trick is to assume a steady state approxi- 
mation. In  the present case the interest is in the decay of n following 
B short pulse which produced a high concentration of n. It seems 
sensible then to assume that the intermediate, n2, quickly reaches 
steady state. From Eq. (6), then, letting an2/& = 0,  one obtains 

n2 = K l  n2/ (K2 + K S  + K 4 )  (10) 
and substitution into (5) yields 

dn 
at 
_ -  - -/3,n-2Kln2[l - K , / ( K , + K , + K , ) ] .  
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The bimolecular rate constant, ys, measured by Bergman et al.' 
may now be identified as 

ys = 2KIC1 - K2/(K2 + K3 + K4)I (12) 
If K ,  is dominantly large, ys r 0 and the quadratic term would not 
be observed; hence this case, which is the equilibrium approxima- 
tion, can be eliminated. Experimentally ys is the large bimolecular 
rate constant and, therefore, it is sensible to make the quantity in 
the brackets in Eq. (12) approach one. Assume that K ,  is 
dominantly large. Then, 

The fast dissipative process, dP,/dt, clearly measures the same rate 
constant (except for a factor of 2) as the fluorescence decay experi- 
ment ( y s ) .  If one now identifies dP,ldt with free carrier production 
then the rate constant measured by Silver et a1.3 a,  is 

which is a composite quantity. Experimentally, yJag  lo4. What 
this means is that K , K 3 r I 0 4  consistent, of course, with the 
assumption that K ,  is large. If only one dissipative process is 
present (K,=O or K,=O, or K , = K 4 ) ,  the same rate constant 
(within a factor of 2, or within a factor of 4 for K ,  = K 4 )  will be 
measured by the decay of n and by measuring the product of the 
dissipative decay of n,(P2 or Pl). Thus, the difference between ys 
and a can only be explained if there are at least two dissipative 
processes present characterized by different rate constants. Also, 
quite clearly, ys itself, and hence the fluorescence decay experi- 
ments, give no information about the dissipative processes. 
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Finally, a word of caution about using various approximations, 
including the steady state one, in solving non-linear rate equations. 
Computer studies5 of such equations describing defect interactions 
and annealings have shown that the region of applicability, with 
respect to the magnitude of the constants involved, of various 
approximationse may be very limited. There are always time and 
concentration domains where such approximations are not valid, 
but only detailed computer calculations can define the regions of 
validity. If further experimental data warrant it, the above rate 
equations should be carefully studied by computer techniques. 

REFERENCES 

1. Bergman, A., Levine, M. and Jortner, J., Phys. Rev. Lett. 18, 593 (1967). 
2. Shanna, R. D., Phys. Rev. Lett. 18, 1139 (1937). 
3. Silver, M., Olness, D., Swicord, M. and Jarnagin, R.  C., Phys. Rev. Lett. 

10, 12 (1963). 
4. For a discussion of generation terms see: Tolstoi, N. A. and Abramov, 

A. P., Optics Spectrosc. (Russ. Transl.) 20, 213 (1966); Sovj. Phys. Solid 
State 9, 255 (1967). 

5. Damask, A. C .  and Dienes, G. J., Point Defects in Metals, Gordon and 
Breach, New York, 1963, Chapter 11. 

6. Sharmaz used the equilibrium approximation in his analysis. This is 
probably a poor approximation since, if consistently applied, it  would 
eliminate all but the linear term in dnldt. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
00

 1
7 

Fe
br

ua
ry

 2
01

3 


