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MEASUREMENT OF SINGLET EXCITON DIFFUSION COEFFICIENT 
IN THE c'-DIRECTION IN CRYSTALLINE NAPHTHALENE 

F. HEISELf J.A. MIEHEt M .  SCHOTT", and B .  SIPP' 
'Laboratoi re de Physique des Rayonnements e t  d '  El ectro-  
nique Nucleaire - Centre de Recherches Nucleaires e t  
Universite Louis Pasteur - 67037 STRASBOURG CEDEX - 
FRANCE 
"Groupe de Physique des Solides de 1'ENS' - Universiti! 
Par is  VII - 75221 PARIS CEDEX 05 - FRANCE 

(Submitted f o r  publ icat ion May 1 2 ,  1978) 

ABSTRACT : The diffusion c o e f f i c i e n t  of s i n g l e t  excitons 
i n  the c '  d i r ec t ion  i n  c r y s t a l l i n e  naphthalene has been 
deduced from the  temporal analysis  of fluorescence quen- 
c h i n g  a t  the surface by an A1 l aye r ,  D I = 5 x 1 0 - 5  cm2 
s - l ,  corresponding t o  a diffusion length A,, = 230 A .  

Several invest igat ions have been concerned w i  t h  energy 
t r a n s f e r  across c rys t a l  1 i ne anthracene-metal ~ u r f a c e l - ~ .  Re- 
cen t ly ,  Kurczewska and Baessler3 have shown experimentally, 
under s t a t iona ry  exc i t a t ion  conditions , t ha t  the quenching 
r a t e  constant of the sinc_let  excitons is  a decreasing func- 
t i o n  of the dis tance separating gold and crystal  surfaces.  
Moreover they pointed ou t  t h a t  a gold layer  deposited on the 
c rys t a l  surface a c t s  a s  a pe r fec t  exciton sink. Here we re- 
port  on the e f f e c t  of t he  s i n g l e t  exciton ann ih i l a t ion  a t  the 
aluminium-naphthalene c rys t a l  i n t e r f ace  on the time decay of 
naphtha1 ene fluorescence. 

Under pulsed exc i t a t ion  conditions and w i t h  t h e  beam 
normally incident  onto the crystal  through the metal1 ized 
surface,  t h e  r a t e  equation governing the  sing1 e t  concentra- 
t i on  n a t  a g i v e n  dis tance z from the Al-naphthalene i n t e r -  

'Laboratoire associe  au CNRS 
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face i s  given by 

a , i ( z , t )  = D ~ , -  a2 n ( z , t )  - p n ( z , t )  + N, E e - E Z U ( Z )  6 ( t )  a t  
(1) 

where U(z) and 6 ( t )  are respectively the Heaviside and Dirac 
function. N i s  the t o t a l  number of photons per excitation 
pulse, E t h 8  absorption coefficient of crystal1 ine naphtha-  
lene, 6- l  the monomolecular lifetime of the singlet excitons 
and D,, their diffusion coefficient in a direction perpendi- 
cular t o  the crystal-A1 interface. 

Assuming perfect exciton quenching a t  the A1 surface, 
E q . 1  can be solved w i t h  the following boundary conditions 
n ( m , t )  = 0 and n ( 0 , t )  = 0, and the time dependence i ( t )  of 
the fluorescence emission is given by 

i ( t )  = kfNo emBt eE2 Dc'  terfc E 

where kf i s  the rate constant of the radiative deexci tation. 

The naphthalene crystals used in these experiments, we- 
re grown by the Bridgman method from zone-refined naphthale- 
ne. Four samples with well-developed cleaved non polished ab  
planes (dimensions : 4x8 mm2) were selected. Aluminium layers 
120 t o  200 A thick were evaporated on an area of about 1 2  
mm2. 

The excitation 1 ight source was an actively mode-locked 
Argon-Ion laser associated with an el ectro-optical shutter 
(KDP) and a second-harmonic generator (Lithium Formiate) de- 
livering linearly polarized 257.2 nm pulses o f  0.13 ns dura- 
tion w i t h  a repetition rate of 3.5 kHz. The incident UV beam 
was normal t o  a b  plane of the naphthalene crystal : transla- 
tion of the crystal allowed illumination of either the free 
or the Al-covered area ; rotation of the crystal enabled po- 
larized excitation respectively parallel t o  the a and b axis 
The time-dependent fluorescence emi ssion emerging from the 
backside of the crystal was analyzed by means of a single 
photoelectron t i m i n g  system4 whose instrumental response 
function is  better t h a n  1 ns. 
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F i g .  1 shows experimental results (dots) obtained a t  
room temperature : A corresponds to  a clean surface excita- 
tion ; B and  C are obtained with the incident beam fall ing 
onto  the crystal surface th rough  the A1 layer ,  and polarized 
respectively parallel t o  the b and a axis. The solid lines 
are calculated curves : A shows the unimolecular decay of 
crystalline naphthalene ( B ' ~  = 109 ns) ; B and C show the 
time evolution of the fluorescence calculated using Eq.2. 
The f i t  B has been obtained by chosing the coefficient E ~ D ~ ~  
equal t o  3x105 s-l ; the experimental da ta  could n o t  be ad- 
justed i f  E ~ D ~ ~  was varied by more than 30% from this value. 
T a k i n g  for the absorption coefficient for 1 ight polarized 
parallel t o  the b crystallographic axis Eb = 8x10" cm-15, 
the diffusion coefficient DCl  of the singlet exciton in the 
c '  direction i s  found t o  be 5 ~ 1 0 ' ~  cm2s-l. The solid l ine C 
corresponds t o  the case where ~i x D,I = 8x10" s'l ( E a  % 
4x104 cm-l 5 ) .  The calculated and experimental curves C do 
not  differ from the exponential decay A : indeed, the grea- 
t e r  the penetration depth of the excitation l igh t ,  the smal- 
l e r  the number of excitons reaching the quenching surface. 

In conclusion, we have measured the diffusion coeffi- 
cient D C l  of the singlet exciton in the C I  direction of crys- 
t a l l  ine naphthalene. The fluorescence decay of the A1 -crystal 
system i s  shortened i f  the penetration depth 1 / ~  is less than 
5 times the diffusion length ~~1 = 230 ( A c l  = -1). 
The absolute accuracy of the D c l  value depends on t h a t  of 
the absorption coefficient, and o n  the v a l i d i t y  of the assunp- 
tion t h a t  the Al-crystal interface acts as  a perfect exciton 
sink. The value D C l  = S X ~ O - ~  c d  s-l can be compared t o  the 
average diffusi vi t i  es assumi ng isotropic three-dimensional 
diffusion of the excitons, inferred from sensitized fluores- 
cence experiments i mixecl crystals D = 1 . 5 ~ 1 0 - ~  6-7 and 
D = 5x10-5 CII? s-l Ef and t o  t h a t  deduced from the singlet- 
singlet annihilation rate constant in crystalline naphthale- 
ne D = 2 ~ 1 0 - ~  cm2 s-l 10 . 
AKNOWLEQGEMENTS : We are indebted t o  Ms J .  Berrehar for pre- 
paration of the A1 layers and t o  Mr A.  Martz for his techni- 
cal assistance i n  the measurements. 
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Figurel. Fluorescence decay curves 
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