
Journalof Luminescence18/19 (1979) 327—330
© North-HollandPublishingCompany

MAGNETO-OPTIC PROPERTIES OF
SELF-TRAPPED EXCITONS IN CESIUM HALIDES

T. IIDA, Y. NAKAOKA, J.P.VON DER WEID* and M.A. AEGERTER*
Departmentof Physics,OsakaCity University, Osaka.Japan

A model for theelectronicstructureof self-trappedexcitonsin cesiumhalidesis proposed.
With applying it, reasonableinterpretationsare obtainedfor the magneticcircularpolarization
(MCP) of the two intrinsic emissionsin Cs!, andfor the MCP andEPR in CsBr.

1. Introduction

When cesium halides at low temperaturesare exposedto X-ray or UV
excitation,two intrinsic emissionsdue to the decayof the self-trappedexcitons
(STE) areobserved[1]. In the presentwork, the origin of theseemissionsin Cs!
shall be investigatedin detail, since less measurementshavebeen reportedfor
the other cesiumhalides.In pure Cs!, the two emissionspeakedat 290nmand
338 nm have distinct features compared with those in alkali halides; both
emissionsare sr-polarizedat low temperaturesand haverather long life times,
T29

0—O.l x 10
6sand T338 0.7x 10 6s [1].

Theoreticalcalculationsfrom the first principle for the electronicstructureof
STE, at present,are restrictedto lighter halidesystemsdueto a limit of number
of electronswhich canbe treated[2]. We set up agroup-theoreticalmodel by the
semiempirical molecular orbital (MO) method and apply it to explain the
magneto-opticpropertiesof the STE in Cs!. We also give a consistentinter-
pretationfor the MCP andtransientEPRin CsBr.

2. Electronicstructure

It has been widely acceptedthat the STE can be regardedas an electron
boundedto the self-trappedhole (STH). We considera clustercomposedof a
diatomic molecule of halide ions (X )2, surroundedby 12 Cs~ions in D4h
symmetry.According to Stoneham[2], theorbitals of electronsaroundthe STH
in alkali halidesareconstructedprimarily from theorbitals of neighboringalkali
ions. Beingguidedby this fact andinferring from thefact that the d-like andthe
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s-like conductionbandsarenearlydegenerateandmainlycomposedof 6s andSd
states of Cs ions, we assume that the electronic states of the cluster are
described by the MO’s of (X )2 and those of 6s and Sd (with symmetries
d~’~2’ d

22) orbitals of Cs ions. By symmetryconsideration,we obtain two types
of lower lying exciton stateswith different symmetries,F~(called type I) and F4
(called type II). By taking into account the exchangeinteraction (J) and the
spin—orbit interaction (A), the lowest threestatesare given as a splitted triplet
state in both types.The upper two statesof eachtype (~

3F
2:Fsx). ~F2:F~v)in

type I and 3~4 :15x), flF4 :F.v) in type II) are degenerateand give rise to the
sr-polarizedemissions,while the lowest state(1

3F
2:T’1) in type land ~F4:F .~)in

type II), separatedby D from the upper level, is forbidden in both cases.The
type I STE, which is close to that of Fowler et al. [3], is assignedto the
338 nmSTE andthe type II is to the 290 nm STE in this model.

3. Comparisonwith experiments

Whenthe magneticfield H is appliedalong(001), in eachtype of STEoriented
along H, the lowest level [called level (1)] remainsalmost unchanged,and the
upperdegeneratelevel split: one [called level (2)] varies linearly in H with the
slope g11~and the other [called level (3)] varies with g~B•Then the level-
crossing may occur between level (1) and (2) in both types. The essential
differencebetweenthe two typesis that in type I, the levels (2) and (3) havethe
symmetriesX — iY and X + iY, respectively.On the otherhand,in type II. they
havesymmetriesX + i Y and X i Y, respectively.

The populationof each levelwill be determinedby six coupledrateequations.
We assumethat the coupled equationscan be decoupled into two sets of
equations for each type. In the rate equations, the tunneling processes,
P,1 exp( Q~16E1)[3], and the direct one-phononprocessesW~(6E1)

1f
11(n,1+ ÷

are takeninto accountin addition to the radiativeones,where f1’s are calculated
using explicit forms of wave functions. The general feature of population
differenceis shown in fig. 1(a), wherem1(H) is the populationin the ith level and
the level-crossing is assumedto occur at H 45 KG. The observed MCP
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Fig. 1(a). The populationdifferencenormalizedby thenet supply S versusthemagneticfield for the
setsof appropriateparameters:V~+ V

1~ V2~ 9.5 x l0~s ‘, Q1+ Q1~ Q~ 1.95 x l0~eV andat
T 4.2 K, whereV~ ~ D beingthe zero field splitting (b) ThenormalizedMCPof 338nm and
290nm emissionsin Csl. The symbols + and• standfor experimentalresults[41.
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Table I
Parametervalues, (yl, y2, y~)and (y~,y, ~y~’)arethe time constantsof the transientresponseunder
the microwave field and after switching off the field, respectively; V

1 W~D
3the numbers in

parenthesesare experimentalresults[7].

D J V

12 V13 V23 P2 P~
(meV) (meV) (s ‘) (s ‘)

CsBr
350 nm 0.0682 8.95 2.49 1.12 2.49 II x 10~ 1.1 x IO~ 1.1 x 1O~

Csl
318 nm 0.495 9.0 4.37 x lO~ 4.0 x i0~

290 nm 0.~~76 10.5 1.~0 ~ 10 <4.0 ~ 10~

Q Yi

(eV ‘~ (s I) (s I)

5.84x10

4 6.7x105 7.0x104 5.4x103 6.7xlO~ 6.7x104 1.3x103
9.77 x 10~ (>10~) (5.9x 10~) (5 x 10~) (2.4x 10~)

I0~

—(1+ — I )/I~) is approximately proportional to the population difference.
Observing fig. 1(a) and the symmetry of level, we predict that the MCP is
negativefor low field and increaseswith H till the extreme point in type I;
while in type II, if the level-crossing is assumedto occur at H ~ 50kG, it
increasessmoothly with H in the rangeH ~ 50 kG. This is qualitatively consis-
tent with the experiments(fig. 1(b)). Quantitatively,the parametersare deter-
mined as listed in table I and the bestfit curves are shown in fig. 1(b). For the
290 nm emission,the level-crossingpoint cannot be determineduniquely but it
will be expected to occur in the range 50 ~ H ~ 80 KG from the parameter
analysis and the experimentalresults of the temperaturedependenceof the
emission [5]. The parametersfor 290 nm emissionare determinedby assuming
tentatively that the level-crossingoccursat H = 53 kG, with which the curve in
fig. 1(b) is computed.

In order to examinethe validity of the rate equationsandthe procedureused
to determine the parameters,we apply the model to the calculation of the
transientresponseof EPRas well as the MCP of the lower energyemissionin
CsBr, since the transientEPR experimentprovides much information on the

(1+-I ~~‘t CSBr45>/ THEORY

5~) \~/6 EXPERIMENT
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Fig. 2. Left: the normalized MCP of 350 nm emission in CsBr. The open circles stand for
experimentalresult [6]; the transientresponceof o-+ emissionto the pulsedmicrowaveexcitation.
The observedone is from ref. [7].
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time constantsinvolved in the kinetics. The best fit is obtainedas shown in fig.

2, andthe correspondingparametersare listed in table I.
The agreementwith experimentsis fairly good, which allows us to conclude

that the model gives a reasonabledescription of the origin of two emissionsin
Csl, and that the rate equations used to determine the parametersat low
temperaturesdescribethe kinetics quite well. Furtherdetailed study to confirm
the validity of the model is in progress.
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