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•In

AUSTRACT. By taking into account that exprrimentally the X-ra)' spectrum of mixed cr)'stals
gives a lattice constant Q:-'I which is diffcrent fram the lattice constant of the t\\"o crystals which
form the rnixed crystal1 the optical absorption of the Zl-center was calculalcd in J(CI:Kllr mixcd
cr)'stals with Ca++ irnpurities. The pselldopotelltial mcthod was lIsccl. Good agrc~ment with the
experimental results is fouud for pure I\CI and Kllr.

RESUMEN. Usando el hecho experimental segtín el cual el espectro de rayos X de cristales mixtos
da una constante de la red (1M, la cual es diferente de las dos constantes de la red de los cristales que
constituyen el cristal mixto, se calculó la absorción óptica del centra Zl en crist.ales de I\CI:KBr
con impurezas de Ca ++. El método u::-adofue el de corrección de tamaño. Se encontró buen acuerdo
con los resultados experilllcnt<lles para I\CI y KBr puros.

PACS: Gl.iO.-r; iI.55.-I; i8.50.-w

l. INTHODUCTION

Heeently we have stndied the behavior of the F all FA optieal absorption in mixed erys-
tals [1-1). Rodríguez and Ituiz-1>lejía [1) eondllcted a theoretical study of the shift with
coneentration variation on the optical-absorption F band in "CI:ltbCI and "Cl:"nr mixed
erystals using all F-center semicolltinllum model [1). Logatorov el ato 15,6) performed a
theoretieal calculation employing the ion-poi lit model for a mixed erystal "o.5CI:Nao.5C1;
they colIsider a statistieal distribution of different types of positive ions around the F-
eenter, and assume that the substitution of ions at a lattice place has a perturbative crfect
OH the F-ccnter clect.ron <lIHI al so produce FA, Fu and Fe ccnlcrs, with incrcascd mixed
eoneeotration in the eolored erystals. The calclllations can be dOlle in a systematie way
when the eonccntration of components are the same, such es those by Loga!orov et al. [GJ,
but for t1nbalanccd conccntrations lhe ealculations are more difriclIlt. \Ve have proposcd
a new poillt of view 12-1] in order to ealcula!e the optieal absorptioll ill mixed crystals.
By taking into aeeollnt that experimentally the X-ray speetrllm of mixed erystals [i]
gives a lattice constant fl~1 whieh is differcllt from the lattiee eonstant of the two erystals
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which fOrtO the mixed crystal. \Ve have performed calculations for the mixed crystals
considering [2-4] that these crystals have an specific physical properties and intrinsic
constants, derived from Vegard's rule [8]. For the F and FA-band in mixed crystals there
are good agreement with the Asami aod Ishiguro [91 experimental values. The interest
in mixed crystals is due [9] to the possibility of using them in IR (infrared regions) laser
operation. Also the Z¡-center can be used in laser operation [101, that is why onr interest
in the study of Z¡-band in mixed crystals. The Z¡ center consists of an F center with
a [001] cation vacancy and a [111] divalent ion near to it [101. The calculations for the
optical absorption of the ZI eenter were made for mixed I\CI:I\Br mixed crystals with
divalent impurities of Ca++.

2. TIIEOItY

The variational method lo obtain the energy levels of the F-center in the poinl-ion ap-
proximation [I1] consist of the minimization of the energy f"nclional Elm. That is

where Vpt(r) is the point-ion potential and ¡/J is the lrial wave function. For the ground
state Gaussian wavc [undian we have

for the excited state. The Ag amI Ae are the eorresponding variational
the F-center the point-ion f"nctional energies are given by

for the grolllal state, where ni is the number of ions wilh charge qi.
For the excited state

(2)

(3)

parameters. For

(4)

(5)

The energy functional Efs of the Z¡-center corresponding to the ground state is

(6)
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where a is the interatomic distance and

(7)

A. is the wave function normalization constant.
The energy functional Efp corresponding to the excited state is

where

8. 12 1'2 (cos 11) 21 ( ,22).+ -/ e 2T -exp -2/\eT I

15 ()2A.) 2

(8)

(9)

A. is the exciled wave function normalization constant, Q is the charge distribution at a
point r. 1'2(cosll) is the Legendre polynomial of order two, where 11is the angle between
the vector at the point r and the axis of the p-function.

For the ground state of the Z¡-center we can choose the wave function for the F-
center 1/;.(r, A.). In the case of lhe excited state is necessary to choose the direction for
the p-function axes according to the symmetry of the impurity and the vacancy which
togelher wilh lhe F-cenler forrn lhe Z¡-cenler. A suitable choice of the three mutually
perpendicular axis will be the three principal axes of the field gradient tensor set up by
the Z¡-cenler. Dick [12] calculated the directions of those axes. The direction cosines of

the principal axes are approximately (O, 0,1), ()" - }" O) and (72, 72, O). That is

(la)

and

(11)

where 1/;.x and 1/;.y are the wave functions for the F-center. Equation (3) gives the 1/;., for
the F-center.
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Thell for the Z¡-cellter we have three wave rllllctiollS: ..pezy, ..pexi} alld ..pe,'
The point-ion interactioll potentiai is givell hy

(..pe Ilr ~ rol l..pa) = A2 J (~Óo + ,85ó21'2(cose))trl(r)r2 dr, (12)

where I(r) is the part or the wave runction ..pa which depends only on r, ami 150 and 152

are givell hy

l~'r < r,r,
150 =

1
~' r > Tt

and

,,2

1'~'
r < r

,
152 =

r~,
r > Ti.

1'3'

111 order to ohtain Eq. (12) we have used the result given hy Coulson [121:

¡=LJ 1'••(cosea)l'klcoseb)dw =L 2k
2
: Il'klcos¡),

n,k k

( 13)

(1.1 )

(15 )

where ea = ¡ - eb.
'fhe ground-state energy for the Z,-center is ohtained rninirnizing an energy runctional

of the form

( 1G)
,

For the first-excited-state the energy is ohtailled rninirnizing the energy fUllctionai

( 17)
,

where

and

Vp
Z = V,; - Vpl [Ae + (v,;" - U¡)Be]ó(r - re)

+ [Ad - Ae + (\~, - U3)(LJd - lJe)]ó(P - rd)

V[ = I~" + L[A, + (I~,- U,)/J,]W - r.);
,

( 18)

( 19)
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TABLE 1. Encrgy values in atonJie units ror the grollud (Eg) and the cxcitcd (Ec) states oC the Z,
cculee in KCI:llr:Ca+ roc several conccntrations C1;'

I\CI:BrCa++ A. - 1/. -E. A. -Ve -E.
C7: = O 1.18 0.006 0.1081 0.95 0.130 0.0272

Cz = .2,5 1.17 0.095 0.1088 0.9.1 0.132 0.0330
ex = .50 1.15 0.09.1 0.1095 0.93 0.135 0.0390
c, = .75 1.13 0.092 0.1100 0.92 0.136 0.0.112
c, = LOO 1.12 0.092 0.1108 0.92 O.¡.¡1 0.0505

lhe v.. is lhe polenlial 01 lhe 5lh ion dile lo aJl lhe aJl lhe olher ions and A.• and B,
are lhe characlerislic paramelers 01 lhe ions alone, VPI is lhe poinl-ion polenlial and \~f
lhe pseudopolenlial corresponding lo lhe F-cenler. The indices O and C mean divalenl
implIrity and calÍon respccti\'cly.
E~ (or E;) is minimized wilh respecl lo A. (or Ac) lor a fixed value 01 flp, lhen (¡PIV¡~I¡P)

is recompuled Irom E'l. (18) and lhe procedure is conlinued lo sell-consislency [13].
lB order lo solve lhe prohlem lor mixed cryslals [2] we lake A~ and 1J~as

and

where A~ and A~ correspond lo one lype 01 cryslal and A~ and B~ lo lhe olher lype
(which are lhe cornpollenls 01 lhe mixed cryslal), and

aM = al(1 - x) + azx,

where aM is lhe lallice conslanl 01 lhe rnixed cryslal; al and az are lhe lallice conslanl
01 lhe pure cryslal, alld :¡; lhe concenlralion.

:3. RESUI:rs AND CONCLUSIONS

Ikcelltly we have 10llnd good agreernenl belween lheorelical and experimelllal resulls lor
lhe F [2] and lhe FA [3,.11hand in mixed cryslals. The same idea is used in lhe sludy 01
lhe Zl-band in mixed cryslals 01 KCI:KBr wilh Ca++ irnpurilies. The resulls are given
in 'I:,ble I and lhe behaYior 01 lhe oplical absorplion 01 ZI-band in Fig. 1. There is nol
experimental resulls lor lhese mixed cryslals, bul lhe beha,'ior 01 lhe Z¡-band as lunclion
01 lhe concenlralion is similar lo lhal 01 lhe F-balld.

TlJc ealculations wcrc carried OH using Gatlssian wavc fUllctions roc tlle scmicmpirical
parameler o = 1. There are olher rnelhods in order lo calculale lhe oplical absorplion 01
lhe F-hand [11-2.1] hui lhe Ilarlram el al. melhod [13) haye heen [25-30J applied lo wide
varicly of color celltcrs wit.h good results.
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FIGURE l. Dashcd linc joints thc thcorctical valucs of thc absorption encrgy VS. conccntration ror
Z, eenter. Then for energy the following Vegard law type is possible: ó.E = ó.E, (I - x) + ó.E,X,
and wherc ti.E is thc absorption cncrgy oC thc mixcd crystal; L:i.E1 and LlE2 are tite absorption
cncrgics oC the pure crystals! and x the conccntration.
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