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The emission decay kinetics and relative quantum yields of exciton luminescence of Cu21-doped~3%!
quasi-one-dimensional antiferromagnetic crystals CsMnCl3•2H2O have been studied in the temperature range
from 4.2 to 77 K. The experimental emission decay curves have been approximated by the calculated curves
obtained using computer simulation of incoherent excitons motion. The model assumes a slow interchain
hopping process and a rapid intrachain migration of excitons. Exciton hopping (W) and trapping (U) rates at
4.2–77 K have been defined. A decrease of bothU andW rates has been observed with a temperature
lowering. The proposed model of exciton migration and trapping considered excitation passing potential
barriers between Mn21-Mn21 and Mn21-Cu21 ions. To describe the deviation ofU(T) andW(T) depen-
dences from the Arrhenius law we suppose that excitons pass barriers by both hopping over it and tunneling.
The energies and shapes of the barriers have been estimated. The tunneling processes were taken into account
while determining the barriers energy. The role of both the exciton-phonon interaction in CsMnCl3•2H2O and
the spin forbiddeness of the low-temperature (T<30 K! exciton migration along a chain due to the antiferro-
magnetic spin ordering has been discussed.@S0163-1829~96!04322-6#

I. INTRODUCTION

Exciton migration in quasi-one-dimensional~q-1D! anti-
ferromagnets~AFM’s! is most completely studied experi-
mentally in ~CH3) 4NMnCl 3 ,

1,2 CsMnCl3•2H2O ~CMC!,3

and CsMnBr3 ~Ref. 4! crystals. The luminescence studies
showed that fast exciton transport in these AFM’s was ob-
served above 50 K. A sufficiently strong exciton-phonon in-
teraction in these crystals~for CMC see Ref. 5! seems to be
one of the essential reasons of exciton migration freezing at
low temperatures. AtT.50 K the exciton motion is consid-
ered to be incoherent hops between adjacent ions of
Mn21.1–4 Traps for excitons are often used in luminescent
investigations as a sensitive probe for controlling mobility of
excitations in crystals. In AFM’s different dopants~Cu21,
Co21, Ni 21, Fe21, Cr21, Er31,1–6 etc.! appear to be traps
for excitons. The exciton or trap emission decay kinetics is
recorded in experimental investigations. This method is most
commonly used in the studies of q-1D or one-dimensional
~1D! systems since it allows us to determine the migration
parameters~exciton hoppingW, and trappingU, rates! di-
rectly from fitting the emission decay curves.

The exciton motion over a 1D chain with efficient
(U>W) and inefficient (U,W) trapping has been consid-
ered in many theoretical models.7–14 The q-1D character of
exciton transport has been taken into account by the Monte
Carlo simulation of these processes in crystals.15,16All these
models have been used for fitting the experimental curves of
exciton emission decay in AFM’s. It has been established
that in the above-mentioned q-1D AFM’s the value ofW
increases from 1072108 s21 at 77 K to 101121012 s21 at
250 K.1–4

The model of coherent excitons was used to approximate
the emission decay curves of CsMnCl3•2D2O crystals
doped with Co21 at 2 K.17 The coherent motion of excitons

in q-1D AFM crystals was not considered before. The tem-
perature range of 4.2–50 K where the exciton transport to-
pology may be changed from the coherent to incoherent type
is of extreme interest and presents a fairly complicated field
of investigation. The main difficulties are connected with a
choice of a migration model~coherent or hopping! to ap-
proximate the emission decay curves. It should be noted that
the number of experimental methods defining the type of
exciton motion is extremely limited~e.g., EPR in the excited
state or a shape of the zero-phonon line were used to deter-
mine the triplet exciton transport topology in molecular
crystals18! and often inapplicable to AFM crystals. Difficul-
ties in both the computer simulation and theoretical analysis
are due to a lack of common model describing coherent,
incoherent or partially coherent excitons.

In q-1D AFM crystals, besides the strong exciton-phonon
interaction, exciton transport is appreciably affected by the
AFM spin correlation in chains that occurs at low tempera-
tures~e.g.,T,20230 K for CMC!. As a result, exciton mi-
gration has to slow down since the spins of the neighboring
Mn21 ions ~in chains! are directed opposite to each other
and a spin block against motion takes effect. A temperature
increase leads to the loss of the spin mutual correlation and
exciton migration along 1D chains is activated.

In this temperature range the role of magnetic subsystem
also manifests itself in an increase of relative quantum yields
of the exciton luminescence with a temperature rise as it is
the case in undoped CMC crystals.19 This is due to an addi-
tional mechanism of the emission involving thermoactivated
magnons.

In the present paper we have studied the emission decay
kinetics and relative quantum yields of exciton luminescence
of Cu21-doped~3%! q-1D AFM crystals CsMnCl3•2H2O
in the temperature range of 4.2–77 K. Computer simulation
of an excitation walk along a 1D chain taking into account a
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small hopping probability to an adjacent chain has been per-
formed. The results were used to fit the curves of exciton
emission decay kinetics of CMC crystals. An analysis is
made of theW(T) andU(T) dependences in the temperature
range of 4.2–237 K using also experimental data obtained
earlier.3,16

II. EXPERIMENTAL

The CMC crystals were grown from the saturated aqueous
solution of MnCl2•4H2O with CsCl by slow evaporation at
30 °C. CMC crystals doped with Cu21 ~3 mol % copper
ions! were also obtained from the aqueous solution of CMC
with an addition of CuCl2•2H2O. The typical sizes of
samples were about 93633 mm3. The dopant concentra-
tion of Cu21 in CMC crystals was estimated by the absorp-
tion spectroscopy.3

The crystal luminescence was excited by a N2 laser. The
maximum power is 5 kWt in a pulse~duration is 10 ns!. A
double monochromator was used as a spectral device. The
emission was recorded by a photomultiplier operating in a
photon counting mode. One-electron pulses from an
amplifier-discriminator entered a multichannel time analyzer
~0.6ms/channel, 4096 channels! which accumulated and av-
eraged the emission decay curves. The experimental control
and results processing were executed with a personal com-
puter.

The sample was placed into an optical cryostat with gas-
eous helium. The temperature was varied from 5.2 to 77 K
with an accuracy to 1 K. At 4.2 K measurements were car-
ried out in liquid helium.

III. RESULTS AND DISCUSSION

Figure 1 shows the effect of temperature on relative lumi-
nescence quantum yield (h) of 3% Cu21-doped CMC crys-
tals. For comparison this figure gives the dependences
h(T) for an undoped CMC crystal and for those ones doped
with 0.15 and 1% Cu21 ions. For undoped crystals a rise of
h with a temperature increase from 4.2 to 30 K is due to an
additional mechanism of emission.19 This mechanism is re-
lated to the pair exciton-magnon transitions. For CMC crys-
tals doped with 1 and 0.15% Cu21 the contribution from this
process to the temperature dependence ofh decreases since

in these samples the emission quenching by a dopant plays
more essential role. This is mostly pronounced in theh(T)
dependence for the crystals with 3% Cu21 where the lumi-
nescence quenching is observed atT.4.2 K.

The emission kinetics of 3% Cu21-doped CMC at 58 and
22 K are shown in Fig. 2. Unlike an undoped crystal or those
ones doped with 0.15 and 1% copper ions, the emission de-
cay curves are not described by the monoexponential relation
in the entire temperature range studied~4.2–77 K!. This
points out to the fact that excitons in CMC are also trapped
at very low temperatures.

A. Computer simulation

The program algorithm for the Monte Carlo simulation of
exciton migration in CMC~for more details see Ref. 16!
takes into account the anisotropy peculiarities of this crystal.
It is well known that a CMC crystal has strong anisotropy of
the exchange integral for three crystallographic directions
Ja :Jc :Jb51:3.331023:3.331024.20 Since the relation
Ja.Jc.Jb is satisfied, we considered only the q-1D model
in the 2D topology of exciton motion. The value of q-1 di-
mensionalityQ (Q5Woff /W, whereWoff andW are inter-
and intrachain hopping rates, respectively! was taken as
1025 (Ja

2 :Jc
2).

The following conditions were set when the simulative
algorithm was developed:~a! the length of a chain segment
restricted by two traps is defined by the Poisson distribution,
~b! at each step an exciton can hop to a new chain with the
probability equal to the parameter ofQ, ~c! if an exciton
hops to a neighboring chain, it never comes back since the
contribution from such return to the survival probability of
excitons in q-1D lattice is the same as that from the hop to a
new chain,~d! an exciton visiting a site neighboring to a trap

FIG. 1. Temperature dependence of the luminescence relative
quantum yield of CMC crystals: undoped~1! and doped with 0.15,
1, and 3% Cu21 ions ~2, 3, and 4, respectively!.

FIG. 2. The exciton emission decay kinetics of CMC crystals:
doped with 3% Cu21 ions at 58 K~upper curve! and 22 K~lower
curve!. The approximating curves are obtained as a result of com-
puter simulation.
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is captured with the probability defined by the expression
l/(l11)5U/(U1W) (l5U/W is the trap efficiency! or
returns back.

After each step the total number of untrapped excitons
was computed. Thus, averaging over all the excitons~their
number varied from 104 to 105) we obtained the decay law
of survival probability. To account for the spontaneous decay
of excitons this probability was multiplied by the exponential
expression with the characteristic exciton lifetime. This life-
time (t) was defined from the decay curve of undoped CMC
crystals.

The simulative data obtained using the present algorithm
were compared with the experimental decay curves. At fit-
ting two parameters—W andU—have been varied. The best
fitting is shown in Fig. 2 for two temperatures~22 and 58 K!.
The agreement between the simulated and experimental de-
cay curves is good. The values ofW and U obtained for
CMC doped with 3% Cu21 at 4.2–77 K are presented in
Table I. In this table the values ofW andU for CMC doped
with 1 and 0.15% Cu21 are given too. These experimental
data were obtained earlier3 and used for development of an
exciton migration model in CMC over the whole temperature
range.

The temperature dependences ofW andU are shown in
Fig. 3. The semi-log scale is chosen to see whether the ap-
proximation of experimental dependence by the Arrhenius
law is applicable. As can be seen from the figure neither
hopping nor trapping rates can be described by a straight line
in the entire temperature range. Taking into account these
temperature dependences ofW andU we assume that exci-
tons not only overhop the potential barriers between
Mn21-Mn21 and Mn21-Cu21 sites but also tunnel through
them. At low temperatures the latter process begins to play
an essential role in the energy migration. These barriers for
excitons are formed due to the exciton-phonon coupling
~Mn21-Mn21) or to the exciton-impurity interaction

~Mn21-Cu21). Besides, exciton migration along a chain de-
creases due to AFM ordering which should be manifested in
CMC belowT.30 K.21

B. Exciton tunneling

The role of exciton tunneling through potential barriers
between Mn21 and Cu21 ions was considered earlier.22 An
account of this process has given the possibility to describe
the temperature dependence ofU over the range of 77–237
K. Unlike U(T), theW(T) dependence has not displayed
considerable deviations from the Arrhenius law within the
same temperature range.

When the temperature range of the experiment was ex-
tended down to 4.2 K, the form ofW(T) dependence turned
out to be similar to that ofU(T) ~Fig. 3!. As was mentioned
above the approximation of this dependence is impossible by
the Arrhenius law.

Let us take into account the tunneling processes and use
the same form ofW(T) as that ofU(T) in Ref. 22:

W~T!5W0BW~T!KW~T!. ~1!

HereW0 is the normalization constant

BW~T!5
1

TE0
`

Q~E!expS 2
E

kBT
DdE, ~2!

KW(T) is the spin-correlation factor~will be considered
further!.

Q(E) is a function of the interstitial hop probability:22,23

Q~E!5H expS 2
2

hEx1
x2A2m~U~x!2E!dxD for E,DW,

1 for E.DW.
~3!

FIG. 3. Temperature dependences of the hopping~upper curve!
and trapping~lower curve! rates of an exciton in CMC crystals.
Approximating curves are calculated by Eq.~1!.

TABLE I. Exciton hopping and trapping rates in CMC obtained
using Monte Carlo simulation.

Sample Temperature Rate 1063s21

K W U

4.2 3.2 0.09
3% 15 4.0 0.11
Cu21 22 4.4 0.12

42 6.1 0.15
58 1.03101 0.20
77 5.73101 0.50
77 5.23101 0.5

1% 99 8.03101 0.6
Cu21 123 4.23102 1.4

145 3.53103 1.8
159 4.03103 3.1
150 4.23103 3.1

0.15% 169 9.83103 4.8
Cu21 179 1.53104 7.0

218 3.93104 14.0
225 4.43104 11.0
237 3.43104 17.0
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h is the Planck constant,m is the exciton effective mass,
DW is the barrier energy,x is a running coordinate along a
chain,x1 andx2 are the roots of equationU(x)5E.

The expression~3! was obtained in the quasiclassical
approximation22,23 of tunneling of waves. The exciton local-
ization in CMC leads to the production of an additional fac-
tor which is insignificant in our case since the function
W(T) is determined up to a constant factorW0 .

Let us consider the parabolic profile of the potential bar-
rier U(x)5(DW / l

2)( l 22x2) for which integration~2! may
be carried out in the explicit form

BW~T!5
Texp~2DW /kBT!2Ttexp~2DW /kBTt!

T2Tt
, ~4!

Tt5
h

kBp l
~DW/2m!1/2. ~5!

l is the barrier width which is considered to be equal to
half the site-to-site distancea ~in CMC a54.53 Å!. Let us
introduce the exciton bandwidthE0 with regard for the con-
dition m5h2/(2p)2E0a

2. Using the relation between band-
width E0 and the exchange integralJf in the photoexcited
state along the chains direction (E05ZJfSf , Sf5S-1, S is
the Mn21 ions spin in the ground state,Sf in the photoex-
cited one,Z52 is the number of nearest magnetic neighbors
in a chain!, one can obtain

Tt52
AJfSfDW

kB
. ~6!

Fitting of the experimental dependence~Fig. 3! was car-
ried out by calculated curves using Eq.~1!. As a result, we
obtainedDW;1300 cm21 and Jf.0.7 cm21 which corre-
sponds to m;103me whereme is the free-electron mass and
Tt;100 K.

Tt is the temperature below which quantum tunneling ef-
fects begin to manifest themselves. Under the condition
DW@kBTt the temperatureTt corresponds to the maximum
curvature of line~4!. In the low-temperature rangeT!Tt ,
the factorBW(T) is determined exclusively by tunneling pro-
cesses and is proportional to exp(2DW/kBTt)5exp(2s/h)
wheres5p l (2mDW)

1/2 is the action. Ath→0 ~or Tt→0),
Eq. ~4! transforms to the Arrhenius form.

In the high-temperature regionT@Tt , the temperature
dependence ofBW is of the Arrhenius-law-type —
BW(T);exp(2DW/kBT) with the renormalization
DW :DW→DW2kBTt .

We have considered more general type of the potential
barriers profile„U(x)5DW@12(x/ l )p# where 0,p,`…, the
parameterp has been also varied at fitting the experimental
dependenceW(T). The calculation gives the best fit to the
experimental data atp51.8 which is close to the parabolic
barrier profile.

C. The role of the magnetic subsystem ordering

The influence of magnetic subsystem ordering on exciton
transport is described by the factorKW(T) in ~1!.
KW(T)52^u(sW n

1
•sW n11)u& is the correlation function of spins

in a chain;sW n
1 ,sW n11 are the vector operators of creation and

annihilation of optical excitations.24 The operator
(sW n

1
•sW n11) corresponds to the process of intersublattice ex-

citon movement and describes the Davydov splitting.25 The
KW(T) dependence for an antiferromagnetic ordering in
chains can be obtained in the following way. Using the uni-
tary transformation of the operatorssW n

1 andsW n11 let us go
over from the coordinate system connected with the crystal-
lographic axes to the local system connected with spins of
the nearest sites ‘‘n’’ and ‘‘ n11.’’ The scalar product
(sW n

1
•sW n11) is transformed from the crystallographic axes

X, Y, Z to the new onesjn ,hn , andzn ~thezn axis is chosen
along the direction of a spin in the position ‘‘n’’ ! and then
to the linear combination ofjn and hn : jn1 ihn

and jn2 ihn . Then the factor cos2(u/2) at sn,2
1

•sn11,2

which corresponds to the optical transition
uS21,S21;S,S&→uS,S;S21,S21& describes the Davydov
splitting and the resonance hop of optical excitation fromn
to n11 site. Hereu is the angle between spinsn andn11
from the opposite sublattices.

At zero temperature in strictly ordered AFM structures
u5p and the factor cos2(u/2) is equal to zero which corre-
sponds to the absence of Davydov splitting incollinearAFM
crystals.26 This additional~spin! forbiddeness on the Davy-
dov splitting and on the intersublattice resonance hopping of
optical excitation is partially removed even at zero tempera-
ture under break of the AFM ordering. Such a break can be
induced by external magnetic fields.26,27

To calculateKW(T) at finite temperatures it is necessary
to average the factor cos2(u/2) over the thermodynamic en-
semble of spins in a chain:

KW~T!5 K cos2S u

2D L
5
1

2
@11^cos~u!&#5

1

2 S 11
^SnSn11&

S2 D , ~7!

where^•••& denotes averaging.
The correlation function~7! was calculated22 using the

molecular field approximation:

K~T!5
1

2 S 12F ~12z2S12!2~111/S!z~12z2S!

~12z!~12z2S11! G2D ~8!

z5exp(2«max/kBT), with the magnon bandwidth in the
ground state being about«max525 cm21 for CMC.28

The factorKW(T) is the increasing function of a tempera-
ture. The vicinity of «max/kB is the region of the largest
change inKW(T). At T.2«max/kB KW(T) is practically in-
dependent of temperature and is approximately equal to 1/2
~see the inset in Fig. 4!.

The temperature dependenceU(T) can be represented as
follows:

U~T!5U0BU~T!KU~T!.

The factorBU(T) in the expression forU(T) is of the
same form as Eq.~1! and differs by the barrier energyD only
(DU is about 800 cm21). More essential differences are re-
lated to the spin-correlation factorKU . First of all, a possible
difference between spin values of hostS and impurityS8
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ions should be taken into account. The second important dif-
ference between hopping and trapping is that the exciton
trapping is the nonresonance phenomenon and optical tran-
sitions among all sublevels of multiplet should be estimated
@but not onlyuS821,S821;S,S&→uS8,S8;S21,S21&, S8 is
the impurity ion spin#.

It may be shown that even at low temperatures and with-
out AFM ordering break of the spin forbiddeness is not strict
forW(T) as well. It becomes clear if anisotropic terms in the
expression forKW are considered, i.e.,KW is represented in
the form

KW52U K( a isW n,i
1
•sW n11,i L U ~ i5x,y,z! ~9!

with different a i which is allowed by the symmetry of a
biaxial AFM crystal CMC. These considerations are also re-
lated toU(T).

Besides the static mechanisms of partial removal of the
spin forbiddeness from the low temperature exciton motion,
the dynamic ones can occur. In particular, it concerns the
excitation of spin waves owing to the phonons relaxation.
Probably, this mechanism is especially efficient when excit-
ing light generates phonons together with optical excitations
@in the present work we do not consider the effect of non-
equilibrium phonons on the exciton emission decay since the
time of their relaxation is presumed to be shorter than the
time resolution of our registration setup (102521026 s!# ~as
in our case!.

Spin correlations described by the factorKW manifest
themselves in the low temperature rangeT!«max/kB;35 K
~Fig. 4!. Under the strict spin forbiddeness the function
ln„W(T21)… decreases with a temperature lowering. An in-
cline is determined by«max. If the forbiddeness is not strict
then the curve ln„W(T21)… tends to a plateau similar to the
experimental dependence~Fig. 3!. At moderate and high
temperatures the magnetic subsystem has practically no in-

fluence on the exciton transport, so far as the maximum mag-
non energy is much less than the energy of exciton-phonon
interaction («max!D).

D. Is the exciton transport coherent in CMC
at low temperatures?

In the present work we have used an incoherent model of
the exciton motion to fit experimental curves both at high
temperatures and close to the helium ones. With reason an
incoherent model may be applied to the exciton transport
description atT.30 K but its application at lower tempera-
tures is not evidenta priori. Unfortunately, up to now special
investigations of the exciton transport topology in CMC have
not been carried out. In the present state of affairs the only
general speculations may be used for a model choice at low
temperatures. We adduce some arguments in favor of an in-
coherent model in this crystal even near helium tempera-
tures.

~i! The temperature dependence of exciton mobility in
q-1D AFM’s appreciably differs from that of other~e.g., mo-
lecular! crystals~see, for instance, the review, Ref. 29!. In
molecular crystals at a temperature decrease from 300 to
602100 K the diffusion coefficient drops and at
T,30240 K, it rises. An increase of mobility in these crys-
tals at low temperatures is attributed to a change of the ex-
citon motion from incoherent to coherent. The slowed-down
exciton transport in CMC with a temperature decrease is re-
flected in a smooth increase ofh for doped samples~Fig. 1!.
It is also exhibited in the behavior of emission decay kinetics
of doped crystals. At a temperature decrease the decay curve
in the semi-log scale becomes straight more and more and
approaches the monoexponential form with the lifetime close
to that of an undoped crystal. It can be assumed that at a
temperature decrease only parameterU is reduced. However,
under these conditions we failed in fitting the experimental
decay curves~varyingU only!. Certainly, a decrease of trap-
ping in CMC at low temperatures can be associated with
barriers for excitons caused by residual impurity. However,
the concentration of such impurity should exceed that of the
ions forming traps for excitons~in our case above 3%! to
block excitons in cages. Such a concentration of residual
impurities detected in CMC after special purification is un-
likely. Moreover, on this assumption the emission decay ki-
netics should consist of two parts: a fast drop of the intensity
characteristic of excitons in cages with traps and then the
slow one with the lifetime of an undoped crystal due to the
emission from cages without traps. The character of exciton
decay in CMC at low temperatures appreciably differs from
that shown in Fig. 2. Thus, as it follows from the temperature
dependence ofh andW in this crystal, the exciton mobility
in CMC does not increase atT,30240 K, as is the case of
coherent excitons,29 but decreases.

~ii ! CMC is AFM with a fairly strong exciton-phonon
interaction.5 As a consequence, a broad structureless phonon
sideband and a weak phononless line are observed in the
luminescence spectrum of this crystal. Such interaction will
impede the propagation of the coherent exciton wave in a
crystal.

~iii ! AFM ordering of spins in chains makes the coherent
exciton transport in q-1D collinear AFM crystals with AFM

FIG. 4. Theoretical temperature dependences of the exciton hop-
ping rate in CMC crystals under different degrees of the spin for-
biddenness. Curve 1 corresponds to the spin-correlation factor be-
ing a constant@Eq. ~4!#; the spin-correlation factor in the isotropic
form is taken into consideration@curve 4, Eq.~7!#; both isotropic
and anisotropic@Eq. ~9!# resonance terms are taken into account
~curves 2,3!. The ratio of amplitudes of the anisotropic part of in-
teraction and isotropic one 0.1 and 0.01 corresponds to curves 2 and
3, respectively. In the inset the temperature dependence of the spin-
correlation factor~9! is presented.
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spins ordering practically unreal. Indeed, unlike magnons,
optical excitations incollinear AFM’s spread within a mag-
netic sublattice~i.e., between ions with parallel spins only!.
These are either ions from different chains or ions following
the nearest neighbors~i.e., separated by the distance of 2a!.
However, the corresponding exchange interactions are too
weak in CMC to ensure the coherent exciton transport.

~iv! No doubt, doped ions break coherence of the exciton
motion. This break is more essential when the dopant con-
centration is higher and the interaction leading to the coher-
ent motion is weaker. In the CMC crystals studied the dopant
concentration is sufficiently high~1–3%! and the exchange
interactions between nearest neighbors is weak~a few
cm21). It is not inconceivable, that a dopant ion may slightly
change the energy structure of the host near an impurity. In
this case a degree of the local structure deformation near a
dopant will also play an important role in a break of coher-
ence.

Thus, in CMC excitons are most likely incoherent even at
low temperatures, at least, whenT.TN ~4.89 K!. Finally, we
tried to elucidate whether the adjustment of experimental
curves of the exciton emission decay can serve as a basis for
a conclusion about the topology of exciton motion. With this
end in view, the exciton decay curves obtained using two
different models were compared. The computer simulation
of trapping of 1D incoherent excitons and the above Huber’s
coherent model29 were used. To move this problem closer to
our objects, we scanned the Huber’s calculative curves from
Ref. 30. As shown in Fig. 5, the simulative data gave a good
fit to the calculated decay curve. As a result, we evalu-
ated the hopping and trapping rates of excitons in the
CsMnCl3•2D2O crystal at 2 K (W563106 s21, U5105

s21). These rates are close to the values ofW andU defined
for CMC doped with 3% Cu21 at 4.2 K ~see Table I!.

We have not studied specially the range of variable of
W and U where both the coherent and incoherent models
result in practically identical decay curves. However, coinci-
dence of the curves~Fig. 5! obtained using different models
admits to make a conclusion that kinetic decay curve alone
does not always enable one to choice between two models of
exciton migration. In our opinion, it is necessary to carry out
special investigations to arrive at the finite conclusion about
the type of exciton motion at helium temperatures.

IV. CONCLUSION

The temperature dependence of the exciton hopping rate
in a CMC crystal and that of trapping by Cu21 ions from 4.2
to 237 K are not described only by the Arrhenius law. De-
viations from this law are due to exciton tunneling through
the potential barrier both at a hop between Mn21-Mn21

(DW51300 cm21) and at a hop between Mn21-Cu21

(DU5800 cm21). An analysis of the dependenceW(T)
showed that in CMC belowT5100 K tunneling plays the
predominant role in the exciton migration.

The lowering probability for excitons to be trapped in
CMC under a temperature decrease from room to helium~as
may be inferred from the temperature dependence of a rela-
tive quantum yield of doped crystals! and the shape of
W(T) dependence indicate that in this crystal excitons are
not coherent in the entire temperature range studied. This is
due to a fairly strong exciton-phonon interaction in a crystal
as well as to the spin forbiddeness of exciton migration
manifesting itself in CMC mainly atT,30 K.

Fitting of the luminescence decay curves of CsMnCl3•

2D2O crystals by the calculated dependences obtained in a
model of both coherent and incoherent excitons is quite sat-
isfactory. The emission decay curves calculated using the
Huber’s model of coherent excitons and those simulated in
the model of hopping excitons are, in fact, coincident. Thus,
one cannot always succeed in the determination of the type
of exciton transport~coherent or incoherent! from the emis-
sion decay curves alone.
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