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STUDY OF TRIPLET BXCITON INTERACTIOR IN MOLECULAR CRYSTALS
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Thies research continues the study of interactlion and relaxation of
triplet excitations and is devoted to the magnetic field effect on spin-

lattice relaxation (SLR) of triplet excitoms and to the triplet-triplet
annihilation properties at high density of excitons.

Introduction

Triplet excitons have some advantages over singlet ones when studying
interection between excitons in molecular crystals. A comparatively long
life of triplet excitons facilitates production of their high concentrati-
ons, The triplet excitons are characterized by narrow bands (~1 an"“),
which promotes manifestation of even weak static interaction bstween them.
Triplet excitons in the benzophenone crystals possess a supplementary
property due to the static dipole moment of about 1 Debye. It ia a result
of the dipole moment variation in the benzophenone molecule with its
transfer from the basic state So to the triplet one T1'.

Effect of the magnetic field on the SIR of triplet excitons
Rapid SLR (10~

+ 10°°8) is typical of triplet excitons as a result
of excitation migration on trenslation-nonequivalent molecules /1/. The
theory prognosticates suppreasion of this mechsnism under the effect of
the external magnetic field /2/, providing the mentioned effect to be
obadrved both with a coherent mode of exciton movement and with an incohe-
rent (diffuss) one,

The study of the dependence of the exciton SLR rate in the benzophe~
none crystals on the magnetic field was based on the known phenomenon of
the spin memory in the triplet exeiton captiure by a trep /3/. With this
aim a deuterobenzophenone-dw ocrystal with 0.2 % benzophenone-h,, impurity
was taken, The latter served to form triplet treps with the depth about
30 cni'1. Pulge excitation of the host crystal to the singlet astate 34
end repid intercombination conversion were followed by formation of trip-
let exoltons, Then excitons might either relax or be trapped by lmpurities.
The calculated capture period amounted to about 300 ns, The pumping den~
sity was chosen low to neglect amnihilation for the capture period,

The experiment has shown that the trap phosphorescence intensity after
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cessation of the exciton capture depends on the magnetic field. As the
exciton capture period does not depend on the field and localized triplet
excitations in the magnetic field B < 10 T relax slowly, the found effect
depends on the competition between the SLR of excitons and their capture.
The competition result is "atored" by traps.

At the atage of capture the population of spin sublevels of excitons
N, 1 @end treps By, 41 ore described by six differential equations which
mey take no account™ of the phosphorescence of excitons and treps of the
relaxation of the latter:

My = - KNy = W (N, -EN) ~ Wy(F, = %0 ),

N, =~ KN, - W, (N, -¢€N;) ~ Wi(EN, - Ng),
- 2
N_4= - KN ;- w1(en_1- No) - wz(s N 4 - N1), 1)
n1 = KN.])
no = KNO'
n_q= KNy,
where € = exp (ﬁ-‘l—i—). Initial conditions are as Ni(o) = Ni°; ni(o) = 0,
i=0,+1.
After integration of the system (1) by t within the limits from 0 to t,
where t is the complete capture period, ¥ K 1 t<< (k + k.‘ + k 1) -1
we obtain a system of algebraic equations which binds rates of SILR of
excitons W1 and W, with finite populations of spin sublevels of traps
L 1 1 2
o ~ - ~ ~ - ~ ~
N] = ny + WK (0 -&ny) + WK (ng = £°n4),
o_=z -1 ~ -1~ ~
Ny =n, + WK '(n; - ¢én_q) + WK (€n, - ny), (2)

o= B+ WETEE_, - 8,) + WK™ (6%, - By).

The magnetic field-dependent relation between values of ﬁi was found

B
from the J_B-G- dependence on B, Initial populations of exciton sub-
7B=

levels Ng were calculated from data on the triplet state of the isola-~
ted benzophenone molecule.

The system (2) does not permlt finding both relaxation rates W, and
W,. The value of W which depends on W, as on the parameter has  been
found from this system. The obtained dependence of rate \'l1 on the magnetic
field is shown in Fig. 1. The dashed part responds to all possible values
w2o 4 triangle shows the value i‘} obtained in the paper /&/.

Thus, the experiment has confirmed suppression of the exciton
mechanism of spin relaxation by the magnetic field prognosticated by the
theory. The W, (B) dependence demonstrated in Fig, 1 is similar to the
theoretical one expected during incoherent motion of excltons

W ~ B2 [,
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Pig.1. Dependence of rate W1 Fig.2. Quenching of the
on the magnetic field exciton phosphorescence

Self-suppregsion of exciton-exciton annihiletion at
high density of triplet excitons

Measurements of the quenching kinetics of exciton phosphorescence of
benzophenone crystals after pulse excltation by the nitrogen laser have
shown that the exciton-exciton annihilation is the main channel of de~
parture of the triplet excitons, if their initial rate No> 1017 cm"3 .
Fig. 2 shows quenching of the exciton phosphorescence at T = 4.2 K, Nozf
~ 3'1()17 om™3 (curve 1). The respective kinetics is well described by an
ordinary equation

%'}tl = - YNZ: (3)
where o = ‘5-10-13 cm3/s is an exciton-exciton annihilation congtant.
In this case the specimen excitation inhomogeneity due to the absorption
of the exciting light is taken into account,

At the same time in case of more intensive pumping when NO::: 1020 cm"3
the observed quenching rate (curve 2, Fig. 2) proves to be considerably
less than the calculated one (curve 3).

It is natural to relate an essential decrease in the efficiency of
the exciton-exciton annihilation with high density of excitons to retarda-
tion of the exciton diffusion, as annihilation of triplet excitations
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proceeds, as a rule, the contact way, The cause of the excitons migration
retardetion is, probably, thelr interaction., Estimates show that the
dipole-dipole part of energy of interaction between two triplet excitons
may vary within the ranges from 25 to 30 cm"'1 depending on their mutual
arrangement. Already at N ~ 1019 a3 the dipole-dipole interaction of
neighbouring excitons exceeds the resonmance one which is less than 1 cm"1.
Thus, excitons prove to play the role of movable lattice defects,The defect-
ive structure formed (probably it contains exciton-clusters) is to
weaken exciton diffusion and annihilation resulted from it. The fact
that the crystal temperature elevation by several degrees accelerates

the annihilation adds to this interpretation,.

Main conclusions

It is found that the triplet exciton SIR rate in the magnetic field
decreases @8 a result of the orienting action of the field on the triplet
spins,

At high density of triplet excitons their migration and sannihilation
related to it ere retarded. This fact is, probably, a result of static
interexciton interaction.
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