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POINT DEFECTS OF LOW SYMMETRY IN KZnF', SINGLE CRYSTALS 

M. BINOIS, A. LEBLE, J. J. ROUSSEAU and J. C. FAYET 

Laboratoire de spectroscopie du solide 
Facultt des Sciences, 72000 Le Mans, France 

Resume. - On presente des resultats experimentaux sur des monocristaux de KZnFs dopts 
avec des ions trivalents (Fe3+ et Cr") ou irradies avec des rayons X a 77 K ou a 300 K. Quelques 
proprietes des defauts crCes par ces traitements sont decrites. 

Abstract. - We present experimental results on KZnF3 single crystals doped with trivalent 
ions (Fe3+ and Cr3+) or irradiated with X-rays at 77 K or 300 K. Some properties of the induced 
defects are described. 

Single crystals of KZnF,, grown either by means 
of a flux technique or  by a Bridgman method, have 
been doped with trivalent ions (Fe3+, Cr3') or sub- 
mitted to X-rays at various temperatures in the range 
77-300 K. Both treatments give rise to point defects 
of low symmetry (C,,, C,,, CZv). 

We report ESR data on charge compensation sys- 
tems in doped crystals and the results of investigations, 
of radiation-induced defects, by means of optical 
techniques. Optical bleaching with polarized light has 
been shown to result in dichroic absorption, characte- 
ristic of < 110 > oriented centers at  360 nm, and 
< 1 l l > oriented centers at  390, 270 and 230 nm. 
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1 .  ESR Measurements on KZnF, ; Cr3 '. - Triva- 
lent Cr3C is substituted Zn2' the FIG, 2. - ESR spectrum, at roam temperature, of heavily 
fluoperovskite lattice (Fig. I). The ESR spectrum of cr3+ doped KZnF,. H is along a < 001 > axis. 

the lines denoted All (distortion along < 001 >), 
while their displacement ratio is nearly 1 : 2. The lines 
denoted B arise from Cr3+ ions in trigonal sites, since 
only one set of lines is observed when H is along a 
cubic axis. 

The values of the spin hamiltonian parameters for 
the cubic, tetrazonal and trigonal sites are listed in 
table I. 

FIG. I. - Fluoperovskite lattice. 

a heavily doped crystal (one per cent in the melt) is 
shown in figure 2. The magnetic field is along < 001 > 
direction. 

Many Cr3+  ions enter purely cubic site and are 
responsible of the intense central line. The adjacent A 
lines arise from Cr" ions in tetragonal sites. As a 
proof, the interlsi~y of ihe lines denoted A,  (distortion 
along < 010 > or < 100 >) is twice the intensity of 

1 . 1  CUBIC SITE. - Measurements of the structure 
of the relative EPR line. when H i s  parallel to < 001 > 
and < 1 1  1 > directions lead to an unambigous deter- 
mination of the fluorine superhyperfine interaction 
(Table I).  The spectrum, for HI/  < 1 1  1 >, at first 
sight, looks as due to seven lines of relative intensity 
( I ,  6, 15. 20, 15, 6. I). The aclual structure is far more 
complicated. Because of fluorine nuclei reorientation, 
the electronic transitions ( M  : f 3 o + 4 ; 
- J. , -+ 1). give rise to different s u p  rhyperfine struc- 
tures made of fourty nine lines [I]. The calculated 
spectrum. assuming auss ian  line, line width being 
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Hamiltonian spin parameters ofCr3+ and ~ e , +  it7 KZnF,. All entries are it? cm- ' except g 

Cubic g = 1.973 5 (*) 

I 
811 = 1.975 7 
g, = 1.978 5 D = 540,9 

Tetragonal 

Trigonal 

Fe3+ Cubic (') g = 2.003 0 a = 52,7 A l l  = 35,99 (*) 
a = 56,9 (*) 5 7 A  = 9,4(*) 

A ,  = 17,192 (*) 

Tetragonal < g  > = 1.99 D = 740 
a + + F = 6 3  
D = i07,9 (*) 

Trigonal (") g = 2.002 9 (*) a = 49,7 (*) 
F = - 2,7 (*) 

(*) Mesured at liquid nitrogen temperature. 
('1 See [6]. 
(") See [4]. 

1 5 G f o r M s :  ) 3 o ?  +,2.25GforMs:  -;+ ++, 
fits [2] quite well with the observed curve, as shown 
in figure 3. 

T =  7 7  K 

FIG. 3. - Cubic site shf structure of the EPR line. H i s  along 
a < 111 > axis. Full line : experimental curve. Small lines 
on each side of the main line are due to 53Cr. Circles : calculated 

line (see text). 

The line broadening is the greatest for H // < I I I > 
and the least for H I /  < 001 > (10 G). Charge com- 
pensation in the vicinity of the impurity cannot f~tlly 
account for the broadening, since the same results are 
observed on the divalent isoelectronic (3d3) V2+ 
ion [3]. 

1.2 TETRAGONAL SITES (A A N D  A' LINES). - The 
superhyperfine structure, shown in  figure 4, of the 
lines denoted A arises from a fluorine octahedron 
which is distorted along the cubic axes. This result 
excludes charge compensation by an 02- ion replacing 
a nearest-neighbour F- ion [4] and proves the lack 

FIG. 4. - Terragonal site (A) : shf structure of the EPR line 
for the It 1 -  1.t 1 transition. H is along a < 001 > axis. 
Full line : experimental curve. Circle : calculated line. Fit 
occurs with two uneq~~ivalent fluorine n ~ ~ c l e i  (F I ,  Fz) along 
the distortion axis (see Table I). Triangle : calculated line 

assuming two equivalent (FI ,  F2) fluorine nuclei. 

of a center of symmetry at the site. Charge compen- 
sation by 0'- in~purity along < 001 > cannot 
explain the distortion, since doping the melt with 
Cr203,  during crystals growth. does not enhance 
neither the relative intensity of A lines 1101. the inten- 
sity of the A' lines. 

We suggest that the A lines are due to pairing of 
a Cr3' ion with a Zn2+  vacancy at a nn site. Similar 
value of the crystal field parameter ( D  = 587 G) 
have been obtained for Cr3+-nn Mg" vacancy 
pairs i n  MgO [5] (D = 887 G). 

The A '  lines appear only i n  heavily doped crystals. 
The crystal field parameter D,, 1s twice D, (Table I ) .  
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The replacement of Z n 2 +  ion by a K' ion in a nn 
site seems to be excluded because of a large ionic 
radius for K+ .  The pairing of a Cr3+ ion and of a 
Na' impurity ion is another possibility. Carreful 
examination has shown that several, less intense, 
lines exist in the vicinity of the A' lines and more 
investigations have to be carried out to identify this 
defect. A similar defect has been observed in KZnF, : 
Fe3+ (Table I). 

1 . 3  TRIGONAL SITE (B LINE). - Angular depen- 
dance, with H rotating in the (010) plane, of the lines 
denoted B is shown in figure 5. The associated defect 

FIG. 5. - Trigonal site : Angular dependance with H rotating 
in a (Oil) plane of the lines denoted B. Full line : I AMs I = 1 tran- 

sition. Circle : forbidden transition. 

has obviously the trigonal symmetry. Forbidden 
lines (AM, # I )  arise from the large value of the 
crystal field parameter ( D  = 1 640 G). 

The simplest model, to account for the properties 
of this defect, is the pairing of a Cr3+ ions with a K +  
vacancy at a nearest neighbour site. A similar defect 
has been already observed in KZnF, : Fe3+ crystals [4]. 

2. Optical absorption measurements on irradiated 
crystals. - The experiments have been carried out 
on a (001) plate (10 x 6 x 4 mm) obtained by means 
of a Bridgmnn-Stockbnrger technique. 

2 .  1 X-rays irradiation at room temperature, deve- 
lops two bands at 230 and at 390 nm. The first band 
is expected to be due lo o F-center. 

Between 10 K and 300 K, the variation with tem- 
perature of the half-width for the 390 nm band. 
fits the law : 

The value of the frequency of the dominant inter- 
acting phonon mode is (I )  - 3.4 x 10'%-', the 
extrapolated value of the band width at 0 K is 

0.40 eV, the Huang-Rhys factor is S = 64. Bleaching 
the crystal at LNT with 313 nm light polarized along 
the cubic axis does not induce any dichroism, while 
bleaching with light polarized along the binary axis 
induces a dichroism in the optical absorption, as 
shown in figure 6b. The result is consistent with a 

FIG. 6a. - Irradiation and bleach at LNT, with 365 nm light. 
Circle : OD<loo>-OD<olo>, bleach along < 010 >. Square : 

OD<ll, ,-ODcl;o>, bleach along < 110 >. 

FIG. 66. - Irradiation at room temperature bleach at LNT 
with < 110 > polarized 313 nm light. Circle : OD at LNT 
< 110 > polarized light. Square : OD at LNT < 1 TO > pola- 

rized light. 

defect oriented along the ternary axis. More over 
two other bands more clearly appear at  270 nm and 
at 230 nm. The observed bands may be assigned, 
assuming a C,, symmetry of the defect, to the follow- 
ing transitions : 

The optical properties of this center are similar 
to those of a R center observed by Riley and Sibley [7] 

KMgF,. In our case more investigation have 
to be done to propose a definitive model for this 
center. 

2 .2  At LNT, X-rays irradiation develops the F 
band and a broad composite band on the long wave 
length side of the F band. Bleaching at  LNT, with 
either (010) or ( 1  10) polarized light 365 nm light 
or the (110) axis, induces dichroism in the 360 nm 
region, as shown in figure 6n. The associated band 
is due to a defect, oriented along the binary axes. 
Moreover warming the crystal to 120 K, makes the 
band to disappear. 

The observed properties of this defe,: are consistent 
with a F i  center. whicli h:~s been already observed 
in KMgF, [7] .  
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