This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 23 February 2013, At: 04:13

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

Singlet Excitation Energy
Migration in the Glassy and
Single Crystalline States of 1,3-
Diphenyl-5-(p-chlorophenyl)-2-
pyrazoline

Yumiko Sano # , Masaaki Yokoyama ? , Yasuhiko
Shirota * & Hiroshi Mikawa ?

& Department of Applied Chemistry, Faculty of
Engineering, Osaka University, Yamada-Kami Suita,

Osaka, 565, Japan
Version of record first published: 21 Mar 2007.

To cite this article: Yumiko Sano , Masaaki Yokoyama , Yasuhiko Shirota & Hiroshi
Mikawa (1979): Singlet Excitation Energy Migration in the Glassy and Single Crystalline
States of 1,3-Diphenyl-5-(p-chlorophenyl)-2-pyrazoline, Molecular Crystals and Liquid
Crystals, 53:3-4, 291-305

To link to this article: http://dx.doi.org/10.1080/00268947908084002

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/00268947908084002
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 04:13 23 February 2013

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to

date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 04:13 23 February 2013

Mol. Cryst. Liq. Cryst., 1979, Vol. 53, pp. 291-306
0026-8941/79/5303-0291304.50/0

®© 1979 Gordon and Breach Science Publishers, Inc.
Printed in Holland

Singlet Excitation Energy Migration in
the Glassy and Single Crystalline
States of
1,3-Diphenyl-5-(p-chlorophenyl) -
2-pyrazoline

YUMIKO SANO, MASAAKI YOKOYAMA, YASUHIKO SHIROTA,
and HIROSHI MIKAWA

Department of Applied Chemistry, Faculty of Engineering, Osaka University,
Yamada-Kami, Suita, Osaka, 565, Japan

(Received September 28, 1978 ; in final form March 7, 1979)

Comparative studies have been made of the singlet excitation energy migration of 1,3-diphenyl-
5-( p-chlorophenyl)-2-pyrazoline between the glassy and single crystalline states at near room
temperature. The rate parameter for the singlet excitation energy migration, i.e., frequency
of excitation hopping, was determined from the fluorescence quenching by the guest molecule,
dimethylterephthalate, the quenching process being the migration controlled charge-transfer.
The results are discussed in terms of both kinetic and random migration models. The results
show that the singlet excitation energy migrates over 523 + 9 molecules in the glassy state and
(3.71 + 0.06) x 10° molecules in the single crystalline state at 10°C within its lifetime which
was found to be almost the same in both states. The rate parameter for the migration is slightly
temperature dependent, the apparent activation energy being ~ 0.052 ev in the glassy state and
~0.012 ev in the single crystalline state. It is indicated that the difference of the two or three
orders of magnitude in the efficiency of migration between the disordered and ordered system
is mainly due to the difference of the preexponential frequency factor rather than of the acti-
vation energy.

INTRODUCTION

A great deal of information has been accumulated on the optical and electrical
properties of organic solids in the single crystalline state. There has recently
been growing interest in the transport phenomena in organic amorphous
solids from both academic and practical viewpoints. Understanding of the
charge carrier transport phenomena in organic amorphous solids are of
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importance in view of the application of these materials for electrophoto-
graphy. Understanding of the excitation energy migration, which is involved
as a precursory process of the photocarrier generation process, is also im-
portant for a basic understanding of the photoconduction mechanism.
Numerous studies have been made of the excitation energy migration and
charge carrier transport in polymeric materials'~® and in some low molecular
weight organic amorphous solids in order to gain insight into the nature of the
transport phenomena in the disordered system.”-® In this regard, it is most
desirable to make direct comparison of the transport phenomena between the
single crystalline and amorphous glassy states of the same material over the
same temperature region; however, very few attempts have been made up to
this time®''° because many organic materials do not form readily a glassy
state, and even if they do, the glassy state is usually unstable except for at low
temperature, changing easily into a crystalline state at around room tempera-
ture. To enable this sort of study, it is required to search for appropriate
organic materials which readily give a glassy state at near room temperature
and keep its state for quite a long period of time.

1,3,5-Triaryl-2-pyrazolines are a class of ideal compounds for these studies,
since, as described in our previous papers,'''!? they are easily supercooled
and then change into a glassy state at near room temperature which is kept for
quite a long period of time, and single crystals of these materials can also be
grown by a Bridgeman method. In addition, they possess intense fluorescent
characteristics and photoconductive properties which are suitable for the
study of the transport phenomena. This paper describes the results of the
first successful comparative studies of the singlet excitation energy migration
of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline!® between the glassy and
single crystalline states over the same temperature region.

1,3,5-triaryl-2-pyrazoline

EXPERIMENTAL

Materials

1,3-Diphenyl-5-(p-chlorophenyl)-2-pyrazoline (glass transition point 16.5°C)
was prepared from p-chlorobenzaldehyde, acetophenone and phenyl-
hydrazine, according to the method described in the literature.!* In order to
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obtain a highly purified material, 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazo-
line was purified by repeated recrystallizations from ethanol and column
chromatography over neutral alumina, followed by zone refining.

Dimethylterephthalate was purified by repeated recrystallizations from
ethanol and then by sublimation,

f”r(ﬁ@ COOCH,

COOCH;

1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline dimethylterephthalate

Apparatus

Zone refining was carried out with SHIMAZU Cryogenic Zone Refiner CZ-1.
The electronic absorption spectra were recorded with a Hitachi 124 spectro-
photometer. The fluorescence and excitation spectra were measured with a
Hitachi MPF-3 spectrofluorometer fitted with a R446 photomultiplier, using
a special sample holder which can keep the sample tube in a fixed position at
constant temperature. The fluorescence lifetime was measured by means of a
JASCO FL-10 phase fluorometer and a pulsed N, laser with a pulse width of
ca. 1.5 nsec and repetition of ca. 3 Hz using a Tektronix 5103 N oscilloscope.

Zone refining of 1,3-diphenyli-5-(p-chlorophenyl)-2-pyrazoline

Difficulty was encountered with zone refining of this compound because of the
properties of forming readily a supercooled liquid and then a glassy state;
however, zone refining of this compound was successfully accomplished by
keeping the cooling zone above 80°C and the heating zone at 130°C (melting
point) and by running at a very slow rate of 1.1 mm/hr.

Purity check of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline

The purity of the material was checked by the method of confirming the absence
of any spectral dependence of the fluorescence lifetime as has been suggested
by Kobayashi et al.!® That the melt zones in the zone refining tube solidify as a
transparent glassy state when the zone tube is taken out from the refiner and
then allowed to cool down to room temperature enabled the measurement of
the fluorescent lifetime of each transparent portion in the tube. With regard
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to samples of ca. 250 zones passed, no spectral dependence of the fluorescence
lifetime was observed with each portion along the tube except for the lowest
portion.

Single crystal growth of 1,3-diphenyl-5-(p-chlorophenyl)-
2-pyrazoline and 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline
doped with dimethylterephthalate

Single crystals were grown from the melt in a Bridgeman type crystal-growing
furnace. Pure 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazolineand 1,3-diphenyl-
5-(p-chlorophenyl)-2-pyrazoline doped with 107 mole/mole order of
dimethylterephthalate placed in pyrex glass capillary tubes of 1.5 mm in
diameter weredegassed at 3 x 10~ ¢ torrand sealed. After melting the samples
in the furnace with seed crystals left at the bottom end of the capillary, single
crystals were grown very slowly at a rate of 0.2 mm/hr.

Preparation of glass

In the same way as described above, pure 1,3-diphenyl-5-(p-chlorophenyl)-2-
pyrazoline and 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline doped with ca.
10 "3-10"2 mole/mole order of dimethylterephthalate placed in pyrex glass
capillary tubes of 1.5 mm in diameter were degassed and sealed. The amor-
phous glassy state was prepared by melting these samples and then cooling
down to 15°C.

Single crystals and glasses thus prepared were used for the measurement
without taking them out from the pyrex glass capillary tubes so as to avoid
exposure of the samples to oxygen.

RESULTS AND DISCUSSION

The method employed for the present study of the singlet excitation energy
migration of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline in the glassy and
single crystalline states is to measure the quantity of the quenching of the
fluorescence intensity of the host molecule, 1,3-diphenyl-5-(p-chlorophenyl)-
2-pyrazoline, by the doped guest molecule, dimethylterephthalate, as a
function of the amount of the guest molecule. The principle is discussed first in
terms of simple kinetic and random migration treatments, and the experi-
mental results analyzed will then be described and discussed.

Before going to description of the above two treatments, the followings
must be mentioned. In the present host (1,3-diphenyl-5-(p-chlorophenyl)-2-
pyrazoline)—guest (dimethylterephthalate) system, trapping of the excitation
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FIGURE | Absorption and emission spectra; (a) the absorption spectrum of [,3-diphenyl-5-
(p-chlorophenyl)-2-pyrazoline in the glassy state. (b) the absorption spectrum of dimethyl-
terephthalate in tetrahydrofuran solution. (c) the fluorescence spectrum of 1,3-diphenyl-5-
(p-chlorophenyl)-2-pyrazoline in the glassy state. (d) typical example of the fluorescence of
1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline partially quenched by the addition of dimethyl-
terephthalate in the glassy state.

energy of the host molecule by the guest molecule will occur by the charge-
transfer mechanism which requires close approach of the excited state host
and ground state guest molecules, the excited state host molecule functioning
as an electron donor and the guest molecule as an electron acceptor. Energy
transfer from the host to the guest molecule by either the long-range resonance-
excitation or the short-range electron exchange mechanism is improbable
since, as shown in Figure 1, the lowest excited singlet energy level of the guest
molecule is much higher than that of the host molecule. Consequently, the
fluorescence quenching of the host molecule by the guest molecule will take
place through the excitation energy migration over the host molecules,
followed by trapping of the excitation energy by the nearby guest molecule.

Kinetic treatment

Generation and dissipation of the singlet excitation energy of the host
molecule involve the processes as shown in Scheme |, where &, k;, and &,
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represent the rate parameter for radiative deactivation, radiationless
deactivation, and quenching of the excitation energy by the guest molecule,
respectively.

H ——— 'H* (a)
TH* A, H + hv, (fluorescence) (b)
g —% L, H ©)
H*+G —— (H'G") (d)
'H* + H HY —f . Hi'H* (o)
H*+ G —%— (H'G") )

Scheme |

Schematically, a particular host molecule is electronically excited to the
excited singlet state (process a), and the singlet excitation energy is quenched
by the guest molecule in competition with radiative and non-radiative dis-
sipations of the excitation energy (processes b, ¢, and d). Simple kinetic
treatment of the quenching behavior of the host molecule fluorescence by the
guest molecule gives Eq. (1) which correlates the quantity of Fy/F with the
concentration of the guest molecule N,/(N, + N,), where F, and F are the
fluorescence intensity of the host molecule without and with the guest mole-
cule, N, and N, are the number of the host and guest molecules in the solid.

Fq k N

29 q g
F-l T+ k

N,
k, N,
k; N,

Ng

i

1

y §)

(N> Ny

Equation (1) is a Stern—Volmer type equation which has been widely
accepted for analyzing energy transfer in the solid state.!®~!® The important
notion involved in the quenching process (d) in Scheme 1 is that the process
consists of the two processes (¢) and (f), that is, the singlet excitation energy
migrates over the host molecules (process €) coming to near the guest mole-
cule during radiative and non-radiative dissipations of the excitation energy,
followed by trapping of the excitation energy by the guest molecule via the
charge-transfer process (process f). Hence if k, is much larger than k,,, k,
represents k,,, and conversely if k,, is much larger than k,, k, represents k,.
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The former case corresponds to the frequently observed diffusion-controlled
energy or charge-transfer processes in solutions. Consequently, Eq. (1) is
represented by Eq. (2) when k, is much larger than &,,, and by Eq. (3) when k
is much larger than k,.

FO. km Ng

-1;—,—:1+———kf+kiﬁh (2)
(when k,, < k,)

F, k, N

— =1 't 9

F~ Y +kN, 3

(when k,, > k,)

The efficient fluorescence quenching will be observed in the former case, i.c.,
when k, is much larger than k,,, and information on the excitation energy
migration in solids can be obtained in this case. The present system was found
to be this case as described later.

Random migration treatment

Essentially the same equation as Eq. (2) can be derived by the treatment of the
random excitation energy migration as schematically shown in Figure 2
based on the following three assumptions. (1) The singlet excitation energy is
localized on a particular host molecule and migrates over the host molecules
by a randomly hopping process from one host molecule to another neighbor-
ing host molecule coming to near the guest molecule. (2) Excitation energy
undergoes radiative (fluorescence emission, process k) and non-radiative
(process k;) deactivations during migration. (3) Trapping of the excitation
energy occurs when the excitation energy comes to host molecules nearest to
the guest molecules through migration in competition with the k;, k; and k,,
processes. Using the same notation as described in the section of kinetic
treatment, the probability of the excitation energy at some site to migrate to
the next site in competition with the energy dissipation processes is expressed
as k,/(k; + k; + k,), and the probability of guest molecules existing in the
solidis N,/(N, + N,). The probability (p,) of the excitation energy of the host

k
)

- NN
RUOCCR® @

FIGURE 2 Simple random migration model of singlet excitation energy.

km kt
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molecule being trapped by the guest molecule through only one step is given
by Eq. (4).

k N
: : C)

p’=k,+ki+k,,,+k,N,,+Ng

Therefore, the probability (p,) of the excitation energy of the host molecule
being trapped by the guest molecule through n steps, i.e., through the excita-
tion energy migration over (n — 1) host molecules is given by Eq. (5).

k n—-1 N n—1
=f——m {— 9
pn (kf + kl‘ + km) ( Nh + Ng> X pl (5)

Hence, the total probability (P,,) of the excitation energy of the host molecule
being trapped by the guest molecule is P,, = Y ., p,. Then, the probability
(P,) with which the singlet excitation energy dissipates its energy as fluore-

scence emission will be

ky

Pf_(l_P'")kak—,- (6)
Since the fluorescence intensity is proportional to the probability P,, the
quantity of F,/F is given by Eq. (7).
Fo _ - (kp + ki + kpk N,
F 7 (ky+ k)(k, + ki + kyy + k)N, + (ky + ki + k)°N,
The efficient quenching of the host molecule fluorescence by the guest mole-
cule will occur when the singlet excitation energy is efficiently trapped by the
guest molecule, i.e., when k, is much larger than £,,, and k,, is much larger than
k; and k;. In this case, Eq. (7) is expressed as Eq. (8). Information on the
excitation energy migration can be obtained in terms of this equation.

M

—l+(1+kf+k—i)Nh
k N

=1+ —"- 0 8
RN, @®)

(" Ny> N

If, on the other hand, k,, is much larger than k,, the efficient fluorescence
quenching would not occur as is shown from Eq. (7); in this case F o/F becomes
nearly unity.

As described in the following section, the efficient fluorescence quenching
was observed for the present system, which indicates that the fluorescence
quenching for the present system occurs via the migration-controlled energy
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trapping. This is reasonable in view of much stronger interaction between the
host (electron donor) and guest (electron acceptor) molecules than that
between the host molecules.

Experimental results and discussion

Figure | shows the absorption spectra of 1,3-diphenyl-5-(p-chlorophenyl)-2-
pyrazoline and dimethylterephthalate and the fluorescence spectra of
1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline. When 1,3-diphenyl-5-(p-
chlorophenyl)-2-pyrazoline is doped with dimethylterephthalate no new
absorption due to charge transfer complex formation in the ground state was
observed. The fluorescence of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline
was quenched significantly when doped with a small amount of dimethyl-
terephthalate. No new emission due to the exciplex was observed.

The results obtained show that the fluorescence quenching of 1,3-diphenyl-
5-(p-chlorophenyl)-2-pyrazoline in both the glassy and single crystalline

6

FolF -1

I I L j - 1

0 2 4 6 8 10
Ng/Nh (x103)

FIGURE 3 Quenching of the fluorescence of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline
by the addition of guest molecule (dimethylterephthalate) in the glassy state at —30°C ((J),
-20°C (A), - 10°C (A), 0°C (@). and 10°C (O). Fyand F are the fluorescence intensities of
the pure and the doped materials, respectively, and N; and N, are the number of the host and
guest. respectively.
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2
15
L]
1 F
'S
w
0s
- 1 1 1
0 12 3 4 5

Ng/Nh (x106)

FIGURE 4 Fluorescence quenching of 1.3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline by the
addition of guest molecule (dimethylterephthalate) in the single crystalline state at 10°C (O),
15°C (@), 20°C (A), 25°C (A), and 30°C (). F,, and F are the fluorescence intensities of the
pure and the doped materials, respectively, and N,, and N, are the number of the host and guest,
respectively.

states by the guest molecule, dimethylterephthalate, is migration-controlled,
fitting with Eq. (2) or (8) (the same equation). Consequently, the experimental
results are analyzed and discussed in terms of this equation, which is again
given here as Eq. (9), where n represents the number of hops of singlet excita-
tion energy within its lifetime (z = 1/(k; + k;)).

5_ km N,
F ky + k; Ny
N
=14n—s
g )
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More strictly, it would be necessary to take into account the probability (f)
of the excitation energy returning to the starting point during its random
migration, i.e., the value of nN /N, should be modified by a factor of (1 - f)
= 0.66;29-22 however, this is not taken into consideration in the discussion
which follows for the sake of simplicity.2?

The results of the fluorescence quenching as a function of the concentration
of the guest molecule in the glassy state is shown in Figure 3. Figure 4 shows
similar results obtained for the single crystalline state. As shown in the figures,
a good linearity was observed for both states as expected from Eq. (9).
Noteworthy is the fact that while the quenching becomes appreciable with the
doping level of ~ 10~ 3 mole/mole guest molecule in the glassy state, the dop-
ing level of ~107° mole/mole is sufficient for the same order of magnitude
quenching in the single crystalline state, which indicates that the excitation
energy migration is much more rapid in the ordered single crystalline state.
Tables I and I summarize the number of hops (n) of singlet excitation energy
within its lifetime (1) at various temperatures in the glassy and single crystal-
line states, respectively.

TABLE I

Number of hops (1) of singlet excitation energy within its life-
time (1) and the rate parameter of its migration (k,,) in the
glassy state at various temperatures.

T(°C) n T(nsec) k. (sec™H*

-30 3L+ 6 9.80 + 0.28 (3.94 + 0.09) x 10'°

—-20 407 + 4 9.04 +0.16 (4.33 + 0.08) x 10'®

—10 438 + 4 9.15 +0.10 (4.66 + 0:08) x 10*°
0 493 + 7 9.02 +0.17 (5.24 + 0.11) x 10'°
10 523 +9 10.04 + 0.19 (5.56 + 0.13) x 10'°

* k,, was calculated from the mean value of r, 9.41 + 0.14 nsec.

TABLE I

Number of hops (n) of singlet excitation energy within its lifetime (t) and
the rate parameter of its migration (k) in the single crystalline state at
various temperatures.

T(°C) n 7(nsec) kna(sec™)*
10 (.71 +£0.06) x 105 971 £0.16  (3.73 + 0.07) x 10*3
15 (370 £0.07) x 105 978 £0.17  (3.73  0.07) x 10"
20 (382 £ 0.00) x 10° 993 £0.10 (385 % 0.03) x 10'?
25 (3.81 + 0.05) x 10° 10.30 + 0.24 (3.84 + 0.06) x 10!'3
30 (3.80 £ 0.03) x 10° 993 £020 (383 + 0.04) x 10'?

* k,, was calculated from the mean value of 7, 9.93 1+ 0.07 nsec.
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As is evident from the tables, the n values obtained for the glassy state are
about 1/700 of those obtained for the single crystalline state. Obviously, this
difference is due to the difference of k,, between the glassy and single crystalline
states since the lifetime (7) of the singlet excitation energy of the host molecule
is nearly equal in both states. It is therefore indicated that the efficiency of the
excitation energy migration in the disordered glassy state is much smaller as
compared with that in the ordered single crystalline state, resulting in a much
smaller probability of the excitation energy encountering the guest molecules
in the glassy state.

It was observed that the n values and hence the values of k,, show a slight
temperature dependence as is shown in Figure 5. Apparently, the temperature
dependence of k., will be expressed as Eq. (10).

, —AE

k, =k, exp( T ) (10)
The values of the apparent activation energy (AE) obtained are listed in
Table 1I1. Although the AE values are very small in both states, being of the
order of magnitude of the room temperature kT value, the value obtained for
the glassy state is a little bit larger than that of the crystalline state. This
apparent activation energy observed for the excitation energy migration
process is suggested to be due to the presence of shallow traps in the host
molecules. The difference of only ca. 0.04 ev in AE values between the glassy

0 1 A A 1
32 34 36 38 4.0 4.2

TA (x10%)
FIGURE 5 Temperature dependence of the number of hops (n) of singlet excitation energy

in the glassy (O) and single crystalline (@) states of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyra-
zoline within its lifetime.
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TABLE 11
Apparent activation energy (AE) and frequency
factor (k,,") of singlet excitation energy migration in
the glassy and single crystalline states.

state AE(ev) k' (sec™?)

glass  0.052 + 0.002 (472 + 0.07) x 10!
crystai 0.012 + 0.003 (6.08 + 0.04) x 103

and single crystalline states corresponds to the difference in the Boltzmann
factor exp(— AE/kT)only by a factor of 5-6 between the two states,and hence
difference of nearly two orders of magnitude will be seen with regard to the k;,
value between the two states. These results tell that the difference of the dis-
ordered and ordered structures is reflected mainly on &, rather than on AE.
The average radial displacement (F) of the excitation energy was calculated

according to the Eq. (11)
F = dn'? (1)

where, d is the intermolecular distance of host molecules. From the crystal
structure data of 1,3-diphenyl-5-(p-chlorophenyl)-2-pyrazoline (Figure 6),2*

~—__ ]

1 (e (b)

Il

O-....

(a)

FIGURE 6 Crystal structure of 1,3-diphenyl-S-(p-chlorophenyl)-2-pyrazoline. (a) « form. The
distance between number 1 nitrogen atoms A and B is 4.2 A. C-D and E-F are also the same.
A-Cand B-E are 8.6 A. (b) § form.
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the intermolecular distance d is estimated to be ca. 6.4 A 23 This distance may
be fluctuated to some extent in the glassy state; however, the same value was
used for the calculation for both crystal and glass. As a result, 7 was estimated
to be 150 A and 3900 A for the glassy and single crystalline states, respectively.

SUMMARY

Comparativestudies of theexcitation energy migration between the disordered
glassy state and the ordered single crystalline state of the same material over
the same temperature region was achieved for the first time by using 1,3-
diphenyl-5-(p-chlorophenyl)-2-pyrazoline. It was shown that the efficiency
of the singlet excitation energy migration is about three orders of magnitude
larger in the ordered system in comparison with the disordered system, which
is attributable mainly to the preexponential frequency factor rather than to
the activation process which is probably caused by the detrapping of the
excitation energy during migration. The principle of the method of the
quenching of the host molecule by the guest molecule doped, which was
employed for studying the excitation energy migration in solids, is discussed
in terms of simple random migration model with reference to the previously
accepted kinetic model.
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