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Introduction

This report contains information on various potential laser host mate-
rials for transition-metal ions of the ndN electronic configuration.
The 1ist is an update of a previous report [1] with a number of new
materials added. Many of the new host materials have been reported as
practical laser systems, employing transition-metal ions as well as
rare-earth ions. Frequently the decision for the inclusion of a par-
ticular host material was made on the grounds that the material had
some particular interesting feature in addition to being a potential
laser host.

Extensive data on the free-ion parameters for the 3dN electronic con-
figuration have been reported, and these are given in table 1 for the
doubly, triply, and quadruply ionized states. Also included in table 1
are the parameters of the 4dN and SdN electronic configurations; a
considerable number of these latter configurations have not been inves-
tigated. Nonrelativistic Hartree-Fock values for F(k), gz, and <rk> for
the doubly, triply, and quadruply ionized states of the 3dN, HdN, and
5dN electronic configurations are given in table 2.

A number of host materials were selected because lasers had been
reported employing 3dN ions as impurities. These host materials with
limited amounts of experimental energy levels were reported during the
early 1960's, and some later work has been done in some of these
hosts. Unfortunately, much of the reported absorption data have been
taken at room temperature (~300 K) and are quite unreliable because of
the presence of vibronics and absorption from excited levels. Further
complications arise when the data are extracted from the excitation

spectra. There is a real need for low-temperature absorption spectra
of many'of these ions.




E:?Lgdﬁ. FREE-ION DATA: F(2), F")| ¢, and o for nd" ions (em™ 1)
ndN Ion F( 2) f‘( by 4 a Reference
34! sc2* . - 79.06 - -
341 T13* - -- 152,84 - —
3d! it -- -- 249,95  -- --
342 sel* 35,469 19,832  63.18 27 l
3d2 T12* 53,061 30,920 126.4 56.4 y
3d? T12* 54,870 32,034 129,14 20.80 5
3¢2 T12* 53,3222 29,0002 120.4° -- 1
3d2 T12* 54,927 32,206 118.0 20.52 9
342 v3* 67,200 40,522 219.6 75 Yy
3d2 v3* 69,547 42,234  2b6.0 27.54 9
32 crlt 75,831- 47,061  337.9 - 4
3¢2 crlt 82,406 50,755 319.0  37.64 9
343 v2t 55,153 20,954 186.3 199 y
3a3 ver 59,669 35,882 176.7 24,58 5
343 vet 57,4372 36,3632 167.8° -~ 7
3d3 v2t 59,924 36,268 170.0  22.90 9
3d3 cr3* 75,950 30,076 295.6 437 y
3d3 cr3* 70,9052 45,9862 296,40 - 8
3d3 cr3* 74,201 45,822  275.0 29.87 9
343 M+ 80,332 47,754 437.0 91 4
343 Mn't* 86,939 54,219 405.0  39.01 9
3" cr2t 59,1212 46,179 234,3°  -- 8
3¢" cr2t 62,300 38,934  263.2 61.0 y
39" cret 64,467 39,730 239.4  28.36 5
3¢" cre* 64,798 40,288 231.0  25.83 9
3¢4 Mn3* 81,970 46,998 387.7 12 4
3¢" Mn3* 71,593 55,6472 361.8°  -- 2
3¢" Mn3* 78,756 49,404 -- 32,60 9
3¢" Fe'l* 87,269 56,183 5646 85 y
3¢4 Fell* 91,372 57,696 513.0  140.66 9
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(A) 3d¥ (cont'd)

{ TABLE | (cont'd). FREE-IoN DATA: F(@), F(®), ¢, and o for nd¥ ions (em™')

ndN Ion F(Z) F(“5 7 4 a Reference
3d° Mn?* 67,685 40,698  351.4 74.8 3
3d° Mn2* 69,266 43,578 317.5 32.14 5
3¢° Mn2* 69,485 44,305 316.0 29.20 9
3d° Fe3* 83,302 53,070 1463.0 35.40 9
3d° cot 95,819 61,152 654.0  42.68 9
346 Fe2* 79,149 149,153 440.5 81 4
3¢% Fe2* 74,064 47,426 H11.0  35.92 5
346 Fe2* 74,282 48,241 U22.0  33.21 9
346 co3* 84,3772 60,2912 584.6°  -- 6
346 co3* 87,762 56,823 606.0  37.93 9
345 il 100,186 64,788 830.0 44,17 9
347 Co?* 77,532 50,123 560.3 65 4
3d7 co?* 78,906 52,277 536.0 37.48 9
3d7 co?* 78,863 51,274 519.9 39.70 5
3d7 Ni3* 92,204 60,579  T49.0 41.01 9
347 cut* 104,534 68,395 1008 46.40 9
3¢8 N12* 86,933 60,871 701.7 52 4
3¢8 N12* 83,661 55,122 644.2  43.148 5
398 Ni2* 83,514 56,164 668.0  42.49 9
3¢8 cud* 96,631 64,302 911.0  144.79 9
3¢8 zni* 108,877 71,954 1203.0  49.84 9
3¢9 cu* -- -- 828.68 - -
34 zn3* -~ -~ -- -~ --
3¢9 ca' - -- -- -- -

3The Slater parameters are obtained by fi&ting the centroids of the
Beported experimental data for a given nd"' configuration.

The ¢ values are obtained by fitting the lowest J multiple of the
Hund ground state of the nd" configuration.
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TABLE 1 (contt'd).
a®

FREE-ION DATA: F(2), p(¥) .

, and a nd¥ fons (cm™ ')

(B)
ugN Ion F(2) F(®) T a Reference
ya! y2* - - 289.92 - 1
4q! 7r3* .- - 500, 24 - 2
4q! NbH* - - 742,16 - 3
442 2t 34,790 23,373 - -- 4
4a? 2r2* 38,721 19,498 %08.47  89.9% 5
442 2t 37,170 20,160 450 25 6
442 Nb3* 47,297 31,781 646.64 - 7
1¢? Mol* 54,755 35,818  920.6% 44,48 8
4d3 Nb2* 39,959 26,901 - - y
g3 Nb2* ¥1,517 25,827 535 33 6
443 Mo3* 50,411 32,830 810 38
1a3 TH* - - - - -
yat Mo2* 45,080 30,829  -- - B
y 3+
4d Te .- - - - --
ya" Rut* -~ - - - -
ug> T2t 50,225 33,957  -- -- 4
ud> Ru3* -- - - — -
ug5 Rht* -- -- -- -- --
yab Ru2* 55,370 37,485  -- -- 4
ug6 Rn3* - - -- - -
4g® pat* -- - -- - -
ud? Rn2* 60,515 ¥1,013 . -
ud? Rh2* 54,117 38,582 1291 29 6
ua? pa3* 61,943 43,516 1699.1 31.6 10
ka7 aght 71,497 51,108 2289 32.2 11
g8 pa* 65,660 41,541 - - 4
48 pa2* 57,302 41,933 1545 28 6
ug8 pa2* 57,766 42,591 1551 21.9 12
L ag3t 65,305 146,002 1996.08  45.98 13
ug8 ca* 72,155 50,707 2494.91  47.78 14
4gd ag2t - - 1843.68 - 15
14?9 Age* - - 1825 - 6
449 ca3* - - 2325 - 16
4q9 ta' - - - - -
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TABLE | (cont'd). FREE-ION DATA: =(2), p(¥)
(c) sa¥

z, and a for nd' ions (em™1)

saN Ton F2 P T « Reference
54! Lu2*  —vee 1,176,088 -- -
5a' MRt - .- 1,876.8  -- 2 -
54! Ta%* - - 2,643.32 -- -
542 T A - - -
542 Ta3*  u5,551 28,658 22,813  66.22

542 W 52,112 34,335 3,102 - 9
543 Ta2t e e - - _— —
543 w3t u7,530 29,988 2,720 25 10
543 Reft - oo - — . —
544 - - - -
s5at Re3* -- -- - - - —
s5qt ostt - oo . - - -
5d° Re2* 30,870 22,050 - - -
547 0s3* - - - — - —
54° - - - . —
546 0s®* 30,135 18,963 1,900 3200 6
546 w3t - . - - . _—
546 pei*t . . — - -
547 et . o A - — _—
5q7 Pe3* e - - - - —
547 At - e - - - —
548 P2t em e o — . -
5d8 Au3+ - - - - —_— -
548 Hgit e - — — —
549 ad+ - -- 5,078 - 11 -~
547 Hg3*  -- -~ 6,274 -- 1 -
549 n4** - . - . _—
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TABLE 2. HARTREE-FOCK VALUES FOR F(K), z, AND <r¥> FOR ndV TONS

(a) 3a¥

z x2* ndV fF(2 (em™ 1) p(H) (em™1) 4 (em™ 1) <rd> (a9) ats ah
21 Se  3d! - - 85.95 0.8316 1.4997

22 Ti 3d2 67,932 42,357 131.15 0.6716 0.9808
23 v 343 74,062 46,171 187.17 0.5677 0.7112
2k ¢ 3at 79,790 49,726 256.60 0.4910 0.5401

25 Mn 3d° 85,637 53,368 342,85 0.4277 0.4145
26 Fe 3d° 89,877 55,927 441,38 0.3893 0.3527
27 Co 3d! 94, 600 58,817 561.21 0.3525 0.2949
28 Ni 3dd 99,392 61,756 703.19 0.3203 0.2478
29 cu 3d° -- -- 869.65 0.2923 0.2097
7z ¥3* nd¥ F@ (emly F (em) Cd,(cm'1) a2y (%) <« ah
22 Ti 3d] - - 157.75 0.5341 0.5769
23 vy 3d2 82,940 52,097 220. 47 0. 4571 0.4270
24 cr 3d3 88,514 55,558 296.26 0.4018 0.3344

25 Mn 3d” 93,852 58,861 388.01 0.3578 0. 2688
26 Fe 3d° 99,367 62,291 499.53 0.3196 0.2168
27 co 3d®  103,u7H 64,758 625.26 0.2947 0.1884

28 Ni  3d] 108, 043 67,546 775.62 0.2705 0.1615
29 Cu 3d8 112,696 70,392 951.32 0.2489 0.1389
30 7 3d° - - 1154, 85 0.2297 0.1200
z X" ad F(2 em )y FM (e ;d,(cm"1) a?> (8% <t ah
23 v 3d -= - 253.27 0.4398 0.6494

24 cr  3d° 96, 286 60,775 337.03 0.3708 0. 4203
25 Mn 3dﬁ 101, 615 64,078 436.20 0.3568 0.4097
26 Fe 3d 106, 766 67,260 554. 03 0.2914 0.2686

27 Co 3d° 112,112 70,581 694,80 0.2721 0.227

28 Ni 3d® 116, 164 73,011 851.77 0.2497 0.1875

29 Cu 2d! 120,659 75, T48 1036.93 0.2283 0.1524

30 Zn 348 125, 211 78,548 1250. 84 0.2100 0.1200
31 ca 3d7 - — 1496.12 0.1800 0.0800
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TABLE 2 (cont'wuwy. HARTREE-FOCK VALUES FOR F(k), ;, AND <r‘k> FOR ndN IONS
(B) AaN

z x2* ad¥ F@ (em™y F (eml) g o(em™) > 82 <« (b

39 Y Hd; - - 312 1.5737 4,14402
0 zZr Ad 51,177 33,221 432 1.2734 2.8974
¥ Nb udﬁ 55,683 36, 328 566 1.0769 2.0761
42 Mo U4d 59, 873 39,117 718 0.9316 1.5580
43 Te udg 64,052 41,911 891 0.8145 1.1907
44 Ru Ad 67,247 43,978 1082 0.7365 0.9869
45  Rh uag 70,673 46,224 1299 0.6656 0.8126
46 Pd l4d 74,108 48, 480 154 0.6045 0.674Y
w7 Ag  4d? - - 1820 0.5516 0.56u4

i

z x3* nd¥ F(2 (em™ 1) F(u)“(cm'1) 4 (em™ 1) <r?> (82) > ah

4 zr bal -- - 510 1.0840 1.989
1 Nb  ud? 60,253 36,327 655 0.9288 1. 461
42 Mo udﬁ 64,276 42,326 815 0.8149 1.128
43 Te Ud 68,116 4y, 878 997 0.7244 0.8953
by Ru  4q? 72,001 47,470 1201 0.6479 0.7175
45 Rn  ud® 75,061 49, 443 1426 0.5936 0.6094
4  Pd Udg 78,342 51,586 1680 0.5435 0.5147
4T Ag  4d 81, 645 53,754 1964 0.4993 0. 4372
48 cd hd? - - 2283 0.4603 0.3736

z x* nd¥ F@ ery FM en™y () @ (82 <« ah

41 Nb  A4d! - - 742 0.8715 1.559

42 Mo Ud2 68,068 54,102 914 0.7520 1.085

43 Te udﬁ 71,843 47,615 1105 0.7039 0.9993
44 Ru Ud 75, 495 50,038 1319 0.5959 0.6777
45 Rh ﬂdg' 79,206 52,512 1557 0.5522 0.5776
46 Pd Ud 82,196 54, 43y 1820 0.5071 0.14823
47T bg udg 85,389 56,519 2114 0.4654 0:4005
48 Ccd Ad 88,615 58,631 2411 0. 4200 0.3200

49 1In 4d? - - 2806 0.3800 0.2400
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TABLE 2 (cont'd). HARTREE-FOCK VALUES ForR F(K), r, AND <r*> FOR ndV TONS

(c) s5a¥

7z x2* pd¥ F@) (enly W) (em™) ¢ (en™) <r?> (8%) > (8%)
7 Lu 5d; - - 1391 1.6197 4.6324
72 Hf 5d° 50, 350 33,000 1774 1.3646 3.2437
73 Ta 5d3 54,008 35,526 2170 1.1926 2.46712
7% W 5d 57,369 37,840 259Y 1.0610 1.9385
75 Re BdZ 60,702 40,149 3053 0.9510 1.5467
76 0s 5d 63,123 41,766 3531 0.8779 1.3277
77 Ir Sdg 65,755 13,550 4056 0.8087 1.1289
78 Pt 5d9 68,388 45,344 4626 0.74TH 0.9649
79 Au  5d - - 5248 0.6930 0.66U6
z ¥3* ad® F2 () FM () r(em) «®> (A% <« D)
72 Hf Sd; - - 2072 1.1760 2.2810
73 Ta 5d 58,176 38, 604 2489 1.0420 1.7780
W 5d3 61,293 40,754 2926 0.9399 1.4440
75 Re 5d 64, 247 42,789 3394 0.8563 1.1960
76  0s 5d2 67,234 1,856 3898 0.7829 0.9968
77 Ir 5d 69,479 46,349 4430 0.7509 0.8745
78 Pt 5dg 71,922 48,001 5011 0.6809 0.7612
79 Au  5d 74,389 49,674 5640 0.6356 0.6646
80 Hg 5d° - - 6323 0.5948 0.5826
z x™ ad™ F@ ey FM (em™y ¢ (em™h)  <«? (43 <™ (1)
73 Ta 5d! - - 2797 0.9823 1.8522
7% W 5d° 64,633 43,252 3257 0.8727 1.3654
75 Re 5d3 67,469 45,208 3741 0.8339 1.2966
76 0Os 5d 70,197 47,082 4259 0. 7247 0.9217
77 Ir 5d2 72,980 49,004 4814 0.6841 0.8141
78 Pt 5d 75,122 50, 42U 5404 0.6393 0.702Y4
79  Au 5dé, 77,448 51,994 6045 0.5969 0.6030
80 Hg 5d 79,808 53,587 6736 0.5500 0.5000
81 T1 547 - - 7486 0.5100 0.4000

S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic Data, Elsevier,
New York (1976).
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2.

2.1

2'2

Presentation of Data

‘Each host is described in a series of tables organized as follows.

Crystallographic Data

The crystallographic data on each host are given in the notation of the
International Tables [2]. The crystallographic data are presented in a
short table for each host that lists the following information:

(a) The crystal class: triclinie, orthorhombiec, etc.
(b) The space group symbol and number from the International Tables.
(e¢) The number -of chemical formula units, Z, per unit cell.

(d) The setting, if there is more than one for that space group in the
International Tables.

(e) The position (site type in the International Tables), site symmetry
(in the Schoenflies notation), and general x, y, and z coordinates
(expressed as fractions of the lattice constants) for that site
type, for each constituent of the host crystal.

(f) The 1lattice constants a, b, and c¢ (in angstroms) and angles
a, B, and- Y (in degrees and decimal parts)-.

(g) The effective charges (usually the valence charge) in units of the
electronic charge.

(h) The electric-dipole polarizabilities, a (in A3), for each of the
constituent ions.

Crystal-Field Components, Anm’ and Parameters, Bnm

For each host, the data described in section 2.1 were used to obtain

‘the point-charge [3,4], point-dipole [5], and self-induced [6] contri-
‘butions to the c¢rystal-field components, A

nme ALl th? App for 1.8
ns5 are given and are sufficient for- the anal}éis of the ndV
configuration. The units of Anm are cm"1/An. The c¢rystal-field
parameters for a particular ion are given by B = <r>A ., where <>

n

is the radial expectation value [7] of r" for the ion under consider-

ation. At the bottom of a number of the tables of Anm’ the sums S(o),
s(2) and st ape given.

The s(0) sum yields the interconfiguration shift [8]
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(0)

2 2
AE = AE; - [<r> -<r >n2]s ,

n' 2'1

and the S(k) sums yield the Slater integral shifts as ,AF(2) =
~<r2525(2) 3pq AF(u) = 4y2gth),

-<r°3'"’; the units are such that 1f <r¥> is
in angstrom units, theit each shift is in units of cm".

2.3 Experimental Results

For each host we include tables reporting all the experimental data in
terms of the Slater integrals, F(k , and the crystal-field parameters,
Bnm' Since there are a number of different notations we here describe
ipkfome detail our conversion from each set of constants to Bnm or
F\

2.3.1 Relation of Dq with Byo

McClure [99 in his article gives the electric potential for a sixfold
cubic array of charges at a distance R as

Vv = D[xu + yﬂ + zu'- % ry], . ap)
where D = 35e/HR5. The .potential energy (in electron-volts) can be
written as

U= eDE"f('xu AR %)’ , (2)

where X = x/ry ¥ = y/r,lfnd Z = z/r. For equivalent electrons McClure
[9] derines q by q = 2<r">e/105, so that

U= l%i pa(x* + ¢ + 2% - %) . (3)
In our notation we write the same potential as
] 5 ¢ - -
U=B [Cl to—= (’C, + Gy )] ' ()
yot~uo /ﬂ)- 4y -y

for sixfold cubic coordination with charges at (#R,0,0), (0,+R,0), and
(0,0,#R). The C,, are given by [8]

(352" - 3022 + 3)78 (5)

Cyo

x + in)¥(35128)172 (6)

Cysy
Substituting (5) and (6) into (4) gives

('x!l syt e gt %) . (7

FNTI)

Cp . + — (c +C _.) =
40 /70 LY y-n
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H

CEF

Thus, we obtain

B

V118,

10
- 120,

40
or

Byo = 210q (8)

Byy = V5718 |B, | .

This relation (8) has been used to convert the Dq reported in the
literature to BMO'

If, in the cubic group, the principal axis of rotation is the cube
diagonal, then the crystal-field interaction is
N N
- ~ . YL .
Hogr = Byo L Cuo() * By L [Cy3(i) = €y 5]
with By, = 14 Dq,

By = V07T [By,l - (9)

If we write the cubic field parameter in equation (9) as ng) and the
cubie field parameter in equation (8) as Bﬁg),—then for the same

erystal field in the two descriptions we have

(3 _ _ 2 ,(b)
Buo =-3 Buo . (10)

For a crystal field of low symmetry, the correlation of the various
notations- used in the analysis of the crys.al-field interaction is
extremely difficult, and we shall not attempt to be complete here.
Instead we shall relate what appears to be the most prevalent. For a
crystal field of Cu and higher symmetry, we write the crystal-field
interaction as

N N

= By 1§ Cooli) * By iz

L Cyo(L) + Byy

1 I [oy v ¢y ]
1

1 (11)

(L v B

where
ckq(lo = /hn/(2k + 1) qu(ei'¢1)
and altl qu can be taken real.

The matrix elements of equation (11) for a single electron are given by

(111
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) 2 2
<20|Hqpo |20> = 7By * 7B

20 4o *

sl |H.  |2£1> = LB, - 2. B

= Mcerl <= 7720 21 "4 *

(12)

2x2|H. |2x2> = 2 +1 B

=c1Vcer!® 7 21 “ho ?

/70

@2[H po|2%2> = =B,

where |2m> = Yoy, <am'|Cyolem> = [y¥ .c, v, df, da = sin 6 de d¢,

and all the arguments of Yo, and qu are 0 and ¢.

Ballhausen [10] (p 101) gives the corresponding matrix element for
tetragonal fields in terms of Dq, Ds, and Dt. Thus, the following
relations exist:

Bzo = —'ZDS Iy

-14Ds - 21Dt , (13)

Byo
Buu=%ﬁ—60q .

By comparing the matrix elements of Griffith [12] for tetragonal symme-
try we obtain

Bao=8-w

Byg = 21Dq - (6 + 5%) , (1%)
/70 0
By = (2)0q + (s + 3) 0

For C, and higher symmetry we write the crystal field for the elec-
troni¢ configuration d" as
N N

cer = Bao 121 Copli) # By, 2 Cyoli) + Byg E [ey3(1) - ¢y 5] .

i= (15)

The matrix elements of the first two terms of (15) are the same as in
(12) above and
/35

|21> = 52 . (16)

<2-2|H 57 Bys-

CEF

By comparing the matrix elements for trigonal symmetry of Ballhausen
[10] (p 104) we obtain

27




B20 = -7D0 y

Byp = -14Dq - 21D , an
Bys = 2/70 Dq .

Similarly for theé parameters of Pryce and Runciman [13], we obtain

Byo="3

Byo =75 * 73 (18)

W
Bys = -/7710 (20Dq + §) ,

where w = 2v + 3/2 v',

In obtaining the result given in (18) we use the equations given by
Macfarlane [14]. In Mcfarlane's convention, the By, is negative; this
‘has no effect on the energy levels; but introduces a phase factor in
the wave function. In the tables we simply change the sign of Bu
after it is computed by using equation (18) using values of Dq, v, an
v! reported in the literature.

In all the relations given above (eq (13), (14), (17), and (18))
certain phase conventions are assumed. In order to .obtain consistent
values for the Bnm' we have frequently had to resort to changing the
sign of some of the reported parameters. In some cases where theoreti-
cal levels are reported, we have resorted to fitting the theoretical
results to obtain Bnm' Frequently, the point-charge crystal-field
components, Anm’ indicate the correct phase relations and are used to
-determine the phases reported in the tables.

Relation between Slater and Racah parameters

For d electrons, Judd [15] gives the following relations

Fo = F(O
(2)
F
Fo =39 >
(4
F
Fu ='mﬁ— ’ (19)
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and

L B
0 2 2 !
o 5(F2 + 9F,)
F, - 5F
B - 2t (20)
and Racah [16] introduces A, B, and C by
A"Fo"ugFu »
B=F,-5F ,
C’35Fu . ' (21)

All these parameters are used and reported in the literature. We have
chosen to put all the reported data in terms of F(k), since Hartree-
Fock calculations of F(k) have been reported for a large number of ions
[7], and the matrix elements of the Coulomb interaction for d electrons
are reported by Nielson and Koster [17] as coefficients of FO . 1n

terms of A, B, and, C, we have

SONS-UES -

p(2)

(7B + C) , (22)

() 63¢
F 5

in terms of Ek, we have

1
(0) _ -0 _ 49E 63E
F =B 10 ¥ 2 4

2 1
p(2) _ 149(9E2 -E) , (23)

(1) _ M (sE? - g
0 ’

and the relation between F(k) and F), is given in equation (19).
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2.4

2.5

Bibliographies and Reference Lists

The final section on each host material consists of a bibliography of
experimental and theoretical work that has been reported. These lists,
in most cases, are far from exh-ustive and will be continuously updated
as new work is reported or older references found. A number of hosts
have only x-ray data reported, and we have been unable to find any
reference to optical data on transition elements in these hosts. On a
number of host materials, references were found which contain important
information on that host not contained in the tables. These references
have been included.

‘References

C. A. Morrison, R. P. Leavitt, and A, F. Hansen, Host Materials for
Transition-Metal Ions with the nd” Electronic Configuration, Harry
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3.2.2 Theoretical crystal-field parameters, B, (cm—1), of Al, (Sy)

Y3A1502

site for transition-metal ions with electronic configuration 3dN

(a) For monopole A,

(b) For total A

; +

XE* N By Bio By XN B2o Buo By
Se 1 8719 -101,690 39,942 Sc 1 24,374 -88,055 29,36l
Ti 2 6819 -62,848 24,687 Ti 2 19,062 -54,424 18,149
v 3 5606 =-43,103 16,931 V 3 15,672 =37,325 12,447
Cr 4 4717  -30,960 12,161 Cr & 13,187 -26,810 8,940
Mn 5 3999 -22,512 88,423 Mn 5 11,180 -19,495 6,501
Fe 6 3544  -18,154 7,131 Fe 6 9,906 -15,721 5,242
Co T 3125 -14,396 56,545 Co 7 8,735 -12,466 4,157
Ni 8 2766  -11,483 4,511 Ni 8 7,733 -6,644 3,316
Cu 9 2460 -9,228 3,625 Cu 9 6,877 ~7,991 2,665

+ +
X3* N By, Byo Byy X3 N By Byo Byy
Ti 1 5057 -32,139 12,624 Ti 1 14,137 -27,831 9281
vV 2 4251  -22,944 9,012 Vv 2 11,883 -19,868 6626
Cr 3 3671 ~-17,339 6,811 Ccr 3 10,261 -15,015 5007
Mn 4 3212  -13,455 5,285 Mn A 8,978 -11,652 3886
Fe 5 2819  -1G,480 4,116 Fe 5 7,881 -9,075 3026
Co 6 2555 -8,796 3,455 Co 6 7,142 ~7,617 2540
Ni T 2305 -7,283 2,861 Ni T 6,443 -6,307 2103
Cu 8 2084 -6,054 2,378 cu 8 5,827 -5,243 1748
Zn 9 1892 ~50,578 1,987 Zn 9 5,289 -4,380 1461

+ +
XN By, Byo Byy X' N Bzo Byo Byy
v o1 3951 -32,566 12,792 v 1 11,0U5 -28,200 9404
Cr 2 3287 -20,515 8,658 ¢cr 2 9,188 -17,765 5924
Mn 3 3121 -19,472 7,649 Mn 3 8,724 -16,862 5623
Fe 1 2515  -~12,432 4,883 Fe 4 7,031 -10,765 3590
Co 5 2318 -10,239 4,022 Co 5 6,481 -8,866 2957
Ni 6 2100 -8,234 3,234 N;. 6 5,870 -7,131 2378
Cu 7 1895 -6,523 2,562 cu 7 5,298 -5,649 1884
Zn 8 1721 ~5,005 1,966 zn 8 4,811 ~4,334 1445
Ga 9 1456 -3,252 1,277 Ga 9 4,070 -2,816
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Y3A150; 5

3.3 Crystal Fields for 16(a) (C3i) Site

3.3.1 Crystal-field components, A, (cm"/An), for Al, (031) site (rotated
so that z-axis is parallel to (111) crystallographic axis)

Aﬁm Point charge Self-induced Dipole Total
Ay 6,836 -1107 -13,553 -7,823
A‘lo -20,054 8166 3,273 -8,615
ReAu3 2,813 -1422 6,253 7,644
ImAy g -22,370 8639 2,348 -11,383
|Ay3] 22,546 - -- 13,711
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5. KyNaAlFg

4,1 Crystallographic Data on Two Forms of K2NaAlF6

4.1.1 Cubic TS (Pa3), 205, Z = 4, elpasoite

Ion Site Symmetry x2 y z q a(a3)P
Na  B(b)  Cyy /2 12 1/2 1 0447
K 8(c) C3 1/4 174 1/4 1 0.827
Al h(a)  Cgy 0 0 0 3 0.0530
F 2u(d) Cq 0.22 0.03 0.01 -1 0.731

8x-ray data: a = 8.11 A (reference T).
Reference 6.

4,1.2 Cubie Og (Fm3m), 225, Z = 4, elpasolite

Ion Site Symmetry x2 y pA q o a3)°
AL ua) oy 0 0 0 3 0.0530
Na 4(b) Oh 1/2 1/2 1/2 1 0.147
K 8e) T4 B % 4 1 o.827
F 24(e) €y,  0.219 O 0 -1 0.731

8y-pay data: a = 8.119 A (reference 5).
Reference 6.

4,2 Crystal Fields for Pi3 Form

4,2,1 Crystal-field components, A (cm"1/A), for Al (C,;) site (rotated so
that z-axis is parallel to ?T11) crystallographic~axis)

A,, Monopole Self-Induced Dipole Total

Ay 20,455 -7 4,145 21,883
Ay =15,791 8018 10,411 -18,186
Refy; 14,510 -7295 9,008 17,095
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4,2.2

K,NaAlFg

Theoretical crystal-field parameters, Bnm (cm—1), for monopole Anm for
Al (C3i) site for transition-metal ions with electronic configuration 3dN

x2t

N Bao Byo  Buz
Se 1 28,077 -64,001 60,75H
Ti 2 21,958 -39,556 37,550
v 3 18,053 -27,129 25,753
cr 4 15,190 -19,486 18,498
Mn 5 12,878 ~-1,469 13,451
Fe 6 11,411 =-11,426 10,847
co 7 10,062 -9,061 8,601
Ni 8 8,908 -7,228 6,861
Cu 9 7) 922 "'5)808 5,513

+
X3* N By Byp  Bu3
T4 1 16,285 -20,228 19,202
v 2 13,688 ~-14,441 13,708
cr 3 11,820 ~-10,913 10,360
Mn 4 10,343 -8,469 8,039
Fe 5 9,078 =-6,596 6,261
Co 6 8,227 =-5,536 5,256
Ni 7 7,422 -4,584 4,352
cu 8 6,712 -3,810 3,617
zZn 9 6,092 ~-3,i84 3,022
+

XN By Byo  Buz
j 1 12,722 =-20,497 19,457
cr 2 10,584 ~-12,912 12,257
Mn 3 10,050 -12,255 11,634
Fe 4 8,100 -7,824 7,428
Co 5 7,465 -6,444 6,117
Ni 6 6,761 =5,183 4,920
Cu 7 6,102 -4,106 3,897
Zn 8 5,542 =3,150 2,991
ca 9 4,688 -2,047 1,943
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K,NaAlFg

4.3 Crystal Fields for Fm3m Form

4,3.1 Crystal-field components, A (cm-1/An), for Al (Oh) site

Anm Monopole Dipole Self-induced Total
Ayg 23,267 15,593 -12,274 26,586
Ayy 13,905 9,319 -7,335 15,888
s(0) = 16750 om 1/8°

Y
8

s(2) - 15825 em'/a
2551.3 em /A

7]
—
£~
~
n
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3.3.2

Theoretical crystal field parameters, B
for transition-metal ichs with electronic configuration 3dN

(a) For monopole Apn

Y3A150,,

m (em™ 1), for Alj (C3 ) site

{b) For total Arm

24 ; +
"7 N By Byo Byg  X*' N B2o Buo By3
Se 1 9,379 -81,279 91,379 Se 1 =10,733 -34,917 55,5T
T 2 7,335 -=50,235 56,478 Ti 2 -8,394 -21,581 34,346
vV 3 6,031 =-34,453 38,734 v 3 -6,902  -14,801 23,555
cr 4 5,074 -24,747 27,822 ¢cr 4 ~-5,807 -10,631 16,919
Mn 5 4,302 ~-17,994 20,231 Mn 5  -4,923 -7,730 12,303
Fe 6 3,812 -14,511 16,314 Fe 6 -4,362 -6,234 9,921
Co 7 3,361 =-11,507 12,937 Co 7  =-3,847 -4, 943 7,867
Ni 8 2,976 =9,179 10,319 Ni 8 ~3,405 -3,943 6,276
Cu 9 2,646 -7,376 8,292 Cu 9 -3,028 -3,169 5,043
+ +
XN By Byo By X3 N B20 Buo Bys
Ti 1 5440 -25,689 28,881 Ti 1 -6226 -11,036 17,564
v 2 45713 -18,339 20,618 Vv 2 -5233 -7,878 12,539
cr 3 3949  -13,859 15,582 Cr 3 ~4519 -5,954 9,476
Mn- 4 3455  -10,755 12,091 Mn 4 -3954 =l,620 7,353
Fe 5 3032  -8,37T 9,418 Fe 5 -3470 -3,599 5,727
Co 6 2748 ~7,031 7,905 Co 6 -3145 -3,020 4,807
Ni 7 2479  -5,822 6,545 Ni 7 -2837 -2,501 3,980
cu 8 2242 -4, 839 5,440 cu 8 -2566 -2,079 3,309
Zn 9 2035 -4,043 4,545 Zn 9 -2329 -1,739 2,764
+ +
X4 N Boo Byo By3 Xt N B2o Byo By3
Voo 4250 =-26,030- 29,265 V 1 -14864 -11,182 17,797
cr 2 3536 -16,398 18,436 Cr 2 ~4046 -7,045 11,211
Mn 3 3357 ~15,56H4 17,498 Mn 3 -3842 -6,686 10,641
Fe 4 2706 -9,939 11,172 Fe 4 -3096 -4,269 6,794
Co 5 2494 -8,184- 9,201 Co 5 -2854 -3,516 5,596
Ni 6 2259 -6,582 7,400 Ni 6 -2585 -2,827 4,500
Cu T 2039 -5,214 5,862 Cu T -2333 -2,240 3,565
Zn 8 1851 ~-4,001 4,498 zZn 8 -2119 -1,719 2,735
Ga 9 1566-  -2,599 2,922 Ga 9

-1792 =-1,M7 1,777
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Experimental Values (cm-1) of Byg» F(Z), and F(u) for ndN Ions

Ion Bug p(2) p(H) Temp (K) Reference
cr*3 -23,730 53,438 34,978 300 1,3
cr*3 23,072 55,776 36,806 300 26
crt3 24,150 53,438 140,320 - 2l
cr*3 35,070 - - - 20
crt3 -22,960 54,600 40,950 77 33
Mn*3 -27,650 59,500 32,130 300 1
Mn*Y  -27,874 53,543 43,457 300 26
Mot 29,1400 - - -- 2
Fe*3 -26,950 39,690 15,876 300 1
Fet3 -17,682 49,224 136,477 - 19,28
Fe*t3 -21,756 51,023 42,979 -- 19,28
Fet3 -16,904 44,821 42,399 - 21
co*3 -25,200 56,630 34,020 300 1
cot3 -17,430 - -- -- 3y
co*?  -9,660 - - -- 34
cot? -12,880 - - - 3
Ni*3 -27,580 42,000 22,680 300 1,24
Rn*3 -28,840 40,600 21,92l - 19
pa*3 -23,730 39,326 21,218 -- 19
pt*3 23,100 44,520 30,744 - 19
vt3  -23,800 - - - 19
vi3 -17,850 - - - 19
vt 230,300 - -- -- 19
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3. Y3A150:, (YAG)

3.1 Crystallographic Data on ¥3A15012

Cubic OAO (Ia3d), 230, Z = 8

Ion Site Symmetry x2 y z q a (a3)P
AL, 16(a)  Cgy 0 0 0 3 0.0530
A12 24(q) Su 0 .1/4 3/8 3 0.0530
Y  28e) D, 0 1/ 1/8 3 0.870
0 96(h) C1 -0.0306 0.0512 0.1500 -2 1.349

8-pay data: a = 12.000 A (reference 10).
Reference 23,

3.2 Crystal Fields for 24(d) (Sy) Site

3.2.1 Crystal-field components, A, (em™V/80), for Al, (Sy) site

Anm Point charge Self-induced Dipole Total

Ay 6,355 -2, 604 14,013 17,765
ReAz,  -27,522 8,609  -11,957 -30,870
Imhg, 37,839 -11,913 6,332 32,258
Ayo -25,089 11,879 -8,516 -21,726
ReAy,  -3,763 1,614 1,964 -185.1
Imhy,  -9,108 4,740 -2,875 -7,243
ReAs,  -2,931 2,287 -3,498  -4,142
ImAg, 4,328 -3,207 3,640 1,762
[Ayyl 9,855 - -~ T,2k5
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KoNaAlF¢

4,3.2 Theoretical crystal-field parameters, Bnm (cm_1), for Anm of Al (Oh)
site for transition-metal ions with electronic configuration ndN

(a) For monopole A,

X2t N Byg By
Ti 2 58,284 34,832
v 3 39,973 23,889
Cr 4 28,711 17,159
Mn 5 20,877 12,477
Fe 6 16,836 10,062
Ni 8 10,649 6,364
Cu 9 8,558 5,114
BTN By, By
Ti 1 29,805 17,812
v 2 21,278 12,716
Cr 3 16,080 9,610
; Mn 4 12,478 7,457
Fe 5 9,719 5,808
Co 6 8,157 4,875
) Ni 7 6,754 4,037
; Cu 8 5,614 3,355
: Zn 9 4,691 2,803
! XN By by
v 1 30,201 18,049
Cr 2 19,025 11,370
Mn 3 18,058 10,792
Fe 4 11,529 6,890
: Co 5 9,495 5,675
): Ni 6 7,536 4,56l
g Cu 7 6,049, 3,615
in 8 Y4,6u42 2,774
’1 Ga 9 3,015 1, 802

(b) For total Apm

x*

N Byg Byy
Se  1107,750 64,394
i 2 66,598 39,799
V. 3 145,675 27,296
cr 4 32,807 19,606
Mn 5 23,856 14,256
Fe 6 19,238 11,497
Co 7 15,255 9,117
NI 8 12,168 7,272
Cu 9 9,778 5,844
x3* N By, Byy
Ti 1 34,057 20,353
V2 24,313 14,530
Cr 3 18,374 10,980
Mn 4 14,258 8,521
Fe 5 11,105 6,636
Co 6 9,321 5,570
NiT 7,718 4,612
Cu 8 6,415 3,834
Zn 9 5,360 3,203
XN By Byy
v 1 34,509 20,623
cr 2 21,739 12,992
Mn 3 20,633 12,331
Fe b 13,173 7,873
Co 5 10,850 6,48l
Ni 6 87,255 5,214
Cu T 6,912 4,131
Zn 8 5,304 3,170
Ga 9 3,46 2,059
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5. Cs,TiFg

5.1 Crystallographic Data on Two Forms of Cs,TiFg

5.1.1 Cubic Op (Fm3m), 225, Z = X

Ion Site Symmetry  x2 y z qa o (&3P
Ti 4(a) Oy, 0 0 0 +Y 0.506
cs  8(c) Ty 14 /4 /4w 2,492
F 24(e) Chy 0.195 0 0 -1 0.731

aX-ray data: a = 8.96 &; the F position is not reported for CszTiF6
and is taken from Cs,MnFg (reference 3, p 341).
Reference 2.

5.1.2 Hexagonal ng (P3m1), 164, Z =1

Ion Site Symmetry x2 y z q a (8P
i 1(a) Dag 0 0 0 +4 0,506
Cs 2(d) C3V 1/3 2/3 0.691 +1 2.492
F 6(i) Cq 0.167  =0.167 0.206 -1  0.731

3~ray data, a = 6.15 A, ¢ = 4,96 A; the Cs and F positions
are not reported for Cs,TiFg and are taken from Cs,ZrFg
(reference 3, p 350).

Reference 2.

5.2 Crystal Fields for O, Site

5.2.1 Crystal-field components, A (cm'1/An), for Ti (0,) site of cubic form

Anm . Monopole Dipole Self—induced Total

Ayy 25,400 32,148 -14,102 43,415
Ayy 15,179 19,212 -8, 428 25,963
s(0) _ 18,682 cm™1/a° ’

s . 17,743 om /8"

s 31481 om™1/88
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5.2.2 Theoretical crystal-field parameters, B, (cm_1), for A, of Ti N
(Oh) site for transition-metal ions with electronic configuration nd

(a) For monopole Apm (b) For total Apm
XETON By Byy X2 N By Byy
Sc 1 102,950 61,520 Se 1 176,080 105,230
Ti 2 63,627 38,023 Ti 2 108,830 65,037
v 3 43,637 26,078 v 3 74,639 44,604
Cr Y 31,344 18,731 cr Y 53,611 3,2038
Mn 5 22,791 13,620 Mn 5 38,983 23,297
Fe 6 18,379 10,984 Fe 6 31,437 18,787
Co 7 14,575 8,710 Co 7 24,929 14,808
Ni 8 11,626 6,917 Ni 8 19,885 11,883
Cu 9 9,342 5,583 Cu 9 15,979 9,549
¥T N By, Byy. XN By Byy
Ti 1 32,537 19,444 Ti 1 55,653 33,259
v 2 23,228 13,881 v 2 39,730 23,743
Ccr 3 17,554 10,490 Cr 3 30,025 17,943
Mn 4 13,622 8,141 Mn 4 23,300 13,924
Fe 5 10,610 6,340 Fe 5 18,147 10,845
Co 6 8,905 5,322 Co 6 15,232 9,103
Ni 7 7,374 4,407 Ni 7 12,612 7,537
Cu 8 6,129 3,663 Cu 8 10,483 6,265
Zn 9 5,121 3,060 Zn 9 8,759 5,234
XN By By XN By By

v 1 32,969 19,702 v 1 56,392 33,700
Cr 2 20,770 12,412 Cr 2 35,525 21,230
Mn 3 19,713 11,780 Mn 3 33,718 20,150
Fe y 12,586 7,521 Fe 4 21,527 12,865
Co 5 10,366 6,195 Co 5 17,730 ‘10,596
Ni 6 8,366 4,982 Ni 6 14,259 8,521
Cu 7 6,604 3,947 Cu 7 11,296 6,750
Zn 8 5,067 3,028 Zn 8 8,667 5,180
Ga 9 3,292 1,967 Ga 9

5,631 3,365
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5.3
5.3.1

Crystal Fields for D3d Site

Crystal-field components, A,. (cm—1/A), for Ti (D3d) site in hexagonal
form

v

A, Monopole Dipole Self-induced Total
A5 -5629 =3291 1172 ~T748
Aypg —5090 -3546 1986 -6651
Au3 10051 6316 -3059 13308
s(O) - 8919.9 em™1/8°
52 . 5251.8 em1/a"
s - 460,86 cm™1/a®
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Cs,TiFg

5.3.2 Theoretical crystal-field parameters, B, (cm'1), for A, of Ti

(D3d) site for transition-metal ions with electronic configuration ndV

(a) For monopole A,

{(b) For total Anm

+ +

X3* N By, Byo By X N By Buo Bus

Se 1 ~-7T23 ~20,630 40,737 SC 1 -10,630 -26,957 53,937
T4 2 -6040 -12,750 25,178 Ti 2 -8,314 -16,661 33,337
Vv 3 -4966 -8,745 17,268 V 3 -6,835 ~-11,426 22,863
cr 4 -M178  -6,281 12,403 Cr 4 -5,751  -8,207 16,422
Mn 5 -3542  -4,567 9,019 Mn 5 =-4,876  -5,968 11,941
Fe 6 -3139  -3,683 7,273 Fe 6 <-4,320 -4,813 9,630
Co 7 -2768  -2,921 5,767 Co 7 -3,810  -3,816 7,636
NL 8 -2450  -2,330 4,600 Ni 8 =-3,373  -3,044 6,091
cu 9 -2179  -1,872 3,697 Cu 9 -2,999  -2,M46 4,895
X3 n By Big Byg X7 N By Byg Bys

T4 1 =480  -6520 12,875 Ti 1 -6166  -8520 17,048
v 2 ~-3765  -4655 9,192 V 2 5183  ~6082 12,170
cr 3 -3251 -3518 6,946 Cr 3 ~hU75  -4597 9,197
Mn b -2845  ~2730 5,390 Mn 4 -3916  -3567 7,137
Fe 5 ~-2497 =226 4,198 Fe 5 -3437  -2778 5,559
Co 6 =-2263  -1785 3,524 Co 6 ~-3115  -2332 4,666
Ni 7 -2042  ~1478 2,918 Ni 7 -2810  -1931 3,863
cu 8 ~-1846  -1228 2,425 Cu 8 -25U1 -1605 3,211
Zn 9 ~-1676  -1026 2,026 Zn 9 -2307  -1341 2,683
XN By Buo Bz XN By Bio By3

v 1 -350  -6607 13,046 y 1 -4817 -8633 17,274
cr 2 -2911 -4162 8,219 cr 2 -40OT  -5439 10,882
Mo 3 -2764 -3950 7,801 Mn 3  ~3805 -5162 10,328
Fe 4 -2228  -2522 4,980 Fe 4 -3067  -3296 6,594
Co 5 -2054 -2077 4,102 co 5 -2827 -2714 5,431
Ni 6 -1860  ~16T1 3,299 Ni 6 ~2560  -2183 4,368
cu 7 -~1679 -1323 2,613 cu 7 -2311 -1729 3,460
zn 8 ~-1524  -1016 2,005 zn 8 -2098  -1327 2,655
Ga 9 -1290 -660 1,303 Ga 9 ~-1775 -862 1,725
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6.2

6.2.1

Crystallographic Data on NHyA1(SOy),

Trigonal D% (P321) (hexagonal setting), 150, Z = 1

Ion Site Symmetry x2 y z q a (a3)P
NH,  1(a) Dy 0 0 o 1 2.68
Al 1(b) D3 0 0 1/2 3 0.0530
S 2(d) C3 1/3 2/3 0.222 6 14.893
01 2(d) C3 1/3 2/3 0.016 -2 1.349
'02 6(g) C2 0.328 0.344 0.317 =2 1.349

]

3-ray data: a = 4,724 A, ¢ =.8.225 A; the positions
for 8, 04, and 02'1n NHuAl(Sou)a are not given. Those
listed above are for the same ions in KAl(SOu)Z
(reference 3).

Reference 2.

Crystal Fields for Al (D,) Site

Crystal-field components, A (em™'/A") for Al (D,) site

A, Monopole Dipole Self-induced Total

Ayo 13,668  -42,501  -2720.0  -41,994.49
A3z 10,708  -17,390 -1961.9 -
Ayy -4,089.1 25,994 4005.7 25,293.63
Ay; 8,105.7 ~-36,041 840. 80 3,661.09
As3  5,996.4 -15,968 -2489.0 -
s(0) = 15,593 cm™1/8°

y
8

s - 7176.6 em”V/a
s - oyuy 17 em V8




NH),A1(S0y),

6.2.2 Theoretical crystal-field parameters, B m (cm_1), for A__ of Al
(D,) site for transition-metal ions witR electronic con?Tguration naN

(a) For monopole Apn (b) For total A
X¥ N By Buo B3 X1 N By Buo By3
Se 1 18,752 -16,573 32,852 Se 1 =-57,616 102,520 14,838
Ti 2 14,666° 10,243 20,305 Ti 2 =-U5,060 63,361 9,1T1
v 3 12,058  -7,025 13,926 V 3 -37,048 43,454 6,290
cr 4 10,146  -5,046 10,002 Cr 4 =31,173 31,212 14,518
Mn 5 8,601 -3,669 7,273 Mn 5 =-26,427 22,696 3,285
Fe 6 7,621 -2,959 5,865 Fe 6 -23,416 18,302 2,649
Co T 6,721 =-2,346 4,651 Co T =20,649 14,513 2,101
. Nt 8 5,950 -1,872 3,710 Ni 8 -18,280 11,577 1,676
, Cu 9 5,291 -1,504 2,981 Cu 9 =-16,256 9,303 1,347
: T+ 1 10,877  -5238 10,383 Ti 1 =33,419 32,401 4690
v 2 9,143 -3740 7,13 V 2 =-28,090 23,131 3348
cr 3 7,895 -2826 5,602 Cr 3 -24,256 17,480 2530
Mn 4 6,908 -2193 4,347 Mn 4 -21,224 13,565 1963
Fe 5 6,063 -1708 3,386 Fe 5 =-18,629 10,565 1529
-Co 6 5,495 -1434 2,842 Co 6 -16,882 8,868 1284
Ni 7 4,957 -1187 2,353 Ni 7 -15,231 7,343 1063
Cu 8 4,u83 -987 1,956 Cu 8 =-13,7T4 6,103 883
Zn 9 14,069 -824 1,634 Zn 9 =-12,502 5,099 738
XN By By By XN B0 Buo Byz
Voo 8497 -5308 10,521 V 1 -26,108 32,831 4752
Ccr 2 7069 -3344 6,628 Cr 2 -21,720 20,683 2994
Mn 3 6712 -3174 6,291 Mn 3 -20,623 19,630  28M1
Fe U4 5410 -2026 4,016 Fe 4 -16,621 12,533 1811
Co 5 14986 -1669 3,308 Co 5 =-15,320 10,322 1494
Ni 6 4516 -1342 2,660 Ni 6 =-13,875 8,301 1202
cu 7 4076 -1063 2,108 Cu 7 =-12,523 6,576 952
Zn 8 3701 -816 1,617 Zn 8 -11,372  5,0U6 730
Ga 9 3131 -530 1,051 Ga 9 =9,621 3,278 474
6.3 Experimental Parameters (em™ 1)
ion FIZ) F(”) é o BMO Reference

cr3t - -~ 18 -- -38,156 1

51




NH)‘AI(SO)')Z

6.4

2.

3.

Bibliography and References

S.V.J. Lakshaman, B, C. Venkatareddy, and J. Lakshmanarao, Crystal
Field, Spin Orbit and Excitation Interactions in the Spectrum of
Chromium Doped Ammonium Aluminium Sulphate, Physica 98B (1979), 65.

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

R.W.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York

(1968), 166.

52




T.
7.1

7.2

T.2.1

MgF,

Crystallographic Data on MgF2

Tetragonal Dhﬁ (PUy/mnm), 136, Z = 2

Ion  Site Symmetry x2 y z qQ a (a3)P
Mg 2(a) D2h 0 0 0 +2 0,0809
F 4§(r) C2V 0.303 0.303 © -1 0.731

3y-ray data:
Reference 12.

a=4,623 A, ¢ = 3.052 & (reference 16).

Crystal Fields for Mg (D,,) Site

Crystal-field components, A . (em™ 1781y,

for Mg (D) site

Anm Monobole Dipole Self-induced Total
Ay -576.3 3745 -592.7 2576
Auo "3,020 -381 07 66003 -27u2
Ay, =10,015 -212.2 3965 -6262
Byy 4,458 -513.4  -2057 1887
s(0) _ 8871 cn1/a°

5(2) < 6315 on”1/a"

s(") - es56.0 cm'1/A8
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MgF,

7.2.2 Theoretical crystal-field parameters, B
(DZh) site for transition-metal ions with electronic configuration ndN

(a) For monopole A

(em™"), for Apn Of Mg

+

X2

N By Bap Buo Bz Buy
Se 1 -791 3357 -12,240 -40,591 18,068
Ti 2 -618 2626 -7,565 =-25,088 11,167
v 3 -508 2159 -5,188 -17,206 76,59
Cr 4y -428 1816 -3,727 -12,359 5,501
Mn S5 =363 1540 -2,710 -~8,987 4,000
Fe 6 =321 1364 =-2,185 ~7,247 3,226
Co 7 -283 1203 -1,733 -5,747 2,558
Ni 8 =251 1065 ~-1,382 ~-4,584 2,040
Cu 9 =-223 947 -1,111 =3,684 1,640

+
X3* N By, By Byo Byp  Byg
T4 1 -459 1947  -3867 -12,829 5Ti1
v 2 =385 1637  -2762 -9,159 k07T
cr 3 =333 1413  -2087 =6,921 3081
Mn 4 =291 1237  -1620 -5,371 2391
Fe 5 =256 1086  -1262 -4,183 1862
Co 6 =232 984  ~1059 =~3,511 1563
Ni T -209 888 -877 2,907 1294
cu 8 -189 803 -729  -2,117 1076
Zn 9 -172 1728 -609 -2,019 899
+

XN Bpop B2 Byo- Byo By
v 1 =358 1521  =3920 -12,999 5787
cr 2 -~298 1266 -2470- -8,189 3645
Mn 3  -283 1202 -2344  -7,773 3460
Fe 4 =228 969  -1496 -4,962 2209
Co 5 -210 893 =233 -4,087 1819
Ni 6 =-190 808 -991  -3,287 1463
cu T =172 T30 -785  -2,604 1159
Zn 8 -156 663  -602 ~-1,998 889
Ga 9 -132 561 -391.  -1,298 578
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7.3

(b) For total A,

+
X2* N By, Boo By By Byy
Se 1 353% 429 -11,113 -25,380 7648
Ti 2 2764, 335 -6,869 ~15,686 yro7
v 3 2273 276 -4,711 -10,758 3242
cr 4 1912 232 -3,384 -7,727 2329
Mn 5 1621 197 ~-2,460 5,619 1693
Fe 6 1436 174 -1,984 -4,531 1365
Co T 1267 154 -1,573 -3,593 1083
NI 8 1121 136 -1,255 -2,866 864
Cu 9 997 121 -1,009 =-2,303 694
— :
X' N By By By Biz By
T& 1 2050 249  -3513  -8022 2417
v 2 1723 209  -2508  -5727 1726
Cr 3 1488 181 -1895 -4328 1304
Mn 4 1302 158  -1471  -3358 1012
Fe 5 1143 139 -1145 ~-2616 788
Co 6 1036 126 =961 ~2196- 662
Ni 7 934 113 ~-796 -1818 548
Ccu 8 845 103 -662  -1511 455
Zn 9 767 93 -553  -1262 380
+
X* N By, By Byo Byy  Byy
v 1 1602 194  -3559  -8128 2449
cr 2 1332 162  -2282  -5120 1543
Mn 3 1265 154  -2128  -U860 1465
Fe 4 1020 124 -1359 -3103 935
Co 5 940 114  -1119  -2556 770
Ni 6 851 103 -900  -2055 619
Cu 7 768 93 -713 -1628 49
Zn 8 698 85 -54T -1249 376
-Ga 9 590 12 -355 =812 245
Experimental Parameters (em 1)
Ton F(2) ) 4 ¢ Byg> Reference
v2* 53,362 28,065 79 -- 24,150 10
v2* 49,508 34,871 -- ~- 21,735 19

4Cubic approximation By, = v5/18 |By |
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8.  MnF,

8.1 Crystallographic Data on MnF,

Tetragonal Dlﬁ (Piy/mnm), 136, Z = 2

Ion  Site Symmetry x2 y z q a (A3)0
Mn 2(a) D2h 0 0 0 +2 0.122
F 4(r) C2V 0.305 0.305 0 -1 0.731

8y-ray data: a = 4.8734 A, ¢ = 3.3099 A& (reference 18).
Reference 14,

8.2 Crystal Fields for Mn (D,,) Site

8.2.1 Crystal-field components, A, (cm_1/An), for Mn (Dy,) site

Anm Monopole Dipole  Self-induced Total
Ay 901.5 1815.67 -459,22 2258
Ay 2638 -847.40 -300.87 1490
Ayo ~-1670 -125.49 266.58 -1529
By, -7263 -61.74 2376.30 ~4ous
Ayy 3218 ~222.98  -1239.99 1755

s(0) . 6,070 em™1/82
= 3,813 em t/at
= 307.3 cm~ 1 /88

»nn W
—~ o~
L N
N
t I
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8.2,.2 Theoretical ¢rystal-field parameters, Bnm (cm"1), for Anm of Mn

(D2h) site for transition-metal ions with el

(a) For monopole A~

HnF2

ectronic configuration ndN

x2*

N Bao B2 By By Byy
Se 1 1237 3619 -6769 ~29,437 13,043
Ti 2 967 2831 -4183 -18,194 8,061
v 3 795 2327 -2869 -12,478 5,529
Cr 4 669 1958 ~2061 -8,963 3,97
Mn 5 567 1660 ~1499 -6,517 2,888
Fe 6 503 1471 -1208 5,256 2,329
Co 7 443 1297 -958  -4,168 1,847
Ni 8 392 1148 764 -3,324 1,473
Cu 9 349 1021 -614  -2,671  1,18H

+
S Bao B2 Buo B2 Buy
o1 TI7T 2099 -2139  -9304 4122
v 2 603 1765 -1527  -6642 2943
cr 3 521 1524  -1154  -5020 2221
Mn 456 1333 -896  -3895 1726
Fe 5 500 1170  -698  -3034 134k
Co 6 362 1061  -586  -2546 1128
NET 327 957  -485  -2108 934
cu 8 206 865  -403  -1753 77
Zn 9 268 785 =337 -1464 649
+

X N Boo B Byo By2 Byy
v 1 560 1640 -2168  -9u27 W77
Cr 2 466 1364 -1366 -5939 2631
Mn 3 443 1296 1296  -5637 2498
Fe 4 357  10ul =827 -3599 1595
o 5 329 962  -682  -2964 1313
Ni 6 208 872  -548  -2384 1056
Cu 7 269 787 -3y -1888 .837
Zn 8 24y T4 333 -1h4k9 612
Ga 9 207 604  -216  -9i1 417
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(b) For total Anm

+
X¥' N By By Byo B2 Byy
Se 1 3098 2044  -6197 -20,054 7113
Ti 2 2423 1599 -3830 -12,395 4396
v 3 1992 1315 -2527 =-8,501 3015
Cr Yy 1676 1106 -1887 -6,106 2166
Mn 5 1421 938  -1372  -U4,4k0 1575
Fe 6 1259 831 -1106 =-3,580 1270
Co 7 1110 733  -877 -2,839 1007
Ni 8 983 649 =700 -2,265 803
Cu 9 874 577 -562 -1,820 645

+
XN By Bp By By Byy
Ti 1 1797 1186 -1959  -6338 2218
v 2 1510 997 -1398  -U525 1605
cr 3 1304 861 ~-1057  -3420 1213
Mi 4 118 753 =820  -2654 9l
Fe 5 1002 661 =639  -2067 733
Co 6 908 599 -536 -1735 615
Ni 7 819 540 =444 -1436 509
Cu 8 741 489  -369  ~1194 423
Zn 9 672 44y -308 -998 354

+
X N Bao Boo Byg Byo Byy
v 1 1408 926 -1985  =6423 2278
Cr 2 1168 771  -1250  -hou6 1435
Mn 3 1109 732 -1187  -3840 1362
Fe y 894 590  -758  -2452 870
Co 5 824 544 -624  -2019 716
Ni 6 746 492 ~502 -1624 576
Cu 7 673 yyn -398 -1287 456
Zn 8 611 403 =305 -987 350
Ga 9 517 341 -198 -641 227
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8.3

8.4

MnF,

Experimental Parameters (ecm |)

Ion p(2) p(#) a z Buoa Reference
co2* -- ~- - -~ 17,220 2
2+

Mn2* 62,230 39,690 76 320 15,750 10
Mn2* 61,355 39,791 76 320 15,792 10
Mn2* 58,849 46,746  -- - 17,220 4
Mn2* 67,830 41,215  66.1  -- 16,569 15
Mne* 67,550 41,240 65 - 17,300 19P
Mt 69,510 41,328  -- - 16,380 16

3cubic approximation By, = V5714 B,
brit with full Doy, symmetry; B,q = ~1480, B,, = 4750,
B’-l2 = -1650, Buu = -10,260.
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9. ZnF,

9.1 Crystallographic Data on ZnF,

Tetragonal b}, (Piy/mnm), 136, Z = 2

Ion Site  Symmetry  x? y z q a@a3)P
Zn  2(a) Dop 0 0 0 +2  0.676
F 4(r) CZV 0.303 0.303 O -1 0.731

8X-ray data: a = 4.7034 &, c =43.1335—A (reference
10); a, ¢ same, but xgp = 0.307 (reference 8).
Reference 7.

9.2  Crystal Fields for Zn Site (D)

9.2.1 Crystal-field components, Anm (cm']/An), for Zn (D2h) site

Monopole Dipole Self-inducedrr To£a1

Anm

Ay, 2659  -1379 ~346.0 19340
Ayg ~ -249.1  -268.3  U30.1 ~2329
Ay, -9011 -135.5 2350 -57.96
Ay,  -hou6  -383.2 1786 -1876

s(0) = 821'.0 em”1/8°
8(2) = 5417.7 om"/Au
s(™ _ 508.50 em™1/88
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9.2.2 Theoretical crystal-field parameters, Bnm (cm_1), for Anm of Zn
'(DZh) site for transition-metal ions with electronic configuration nd

(a) For monopole A,

x2*

N By Bz By By Byy
Se 1 -418 3648 -1010 -36,522 ~16,398
Ti 2 =327 2853 -624 -22,573 ~=10,135
v 3 -269 2346 -428 -15,481  =6,951
cr 4 -226 1974 -307 -11,120  -4,993
Mn 5 -192 1673 -224 -8,086  -3,631
Fe 6 -170 1483 -180 -6,520  =-2,928
Co 7 -150 1307 ~-143 =5,171  ~2,322
Ni 8 -133 1158 ~-114 -4 124  =-1,852
Cu 9 ~-118 1029 -92 =-3,314  ~-1,488

s
Bt N By By By Byo Byy
T4 1 -243 2116 =319 -11,543 -5183
v 2 -200 1779 -228 -8,2M ~3700
cr 3 -176 1536 -172 -6,228 -2796
Mn 4 -154 1344 -134  -4,833 -2170
Fe 5 -135 1180 -10% =3,76l -1690
Co 6 =123 1069 =87 ~=3,159 -1419
NI T -11 964 -T2 -2,616 -1175
Cu 8 ~-100 872 -60 -2,174 -976
Zn 9 =91 792  -50 ~-1,817 -816
+

XN Boo  Bop  Byp By Byy
v 1 -189 1653 =~-323 ~-11,696 ~-5252
cr 2 -158 1375 -204 -T,368 -3308
Mn 3 ~-150 1306 -193 =-6,993 -3140
Fe 4 =121 1052 =123 ~-4,465 ~2005
Co 5 =111 970 =102 '~3,677 ~1651
Ni 6 -101 879  -82 ~2,957 -1328
Ccu 7 =91 793 -65 =-2,343 -1052
Zn 8 -83 720 -50 ~-1,798 -807
Ga 9 -70 609 =32 ~-1,168 5214
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(b) For total A

x2*

Zn[-‘2

N By B By By Buy
Se 1 2685 1281 -9439 -23,491 =7603
Ti 2 2100 1002 -5834 ~-14,519  -4699
V.3 1727 824 -4oo1 -9,958  -3223
cr 4 1453 693 -2874 -7,152  -2315
Mn 5 1232 588 -2090 -5,201 -1683
Fe 6 1091 521 -1685 -4,194  -1358
Co 7 962 459 -1336 =3,326  ~1076
Ni 8 852  u0T -1066 -2,653 -859
Cu 9 758 362 -857 -2,132 -690
+
X' N By By By By Byy
Ti 1 1557 743 -2983  -TH25  -2403
v 2 1309 625 -2130 .-5300  ~-17i6
Ccr 3 1130 539 -1610  -4006  =-1297
Mn 4 989 472 -1249  -3108  -1006
Fe 5 868 W4 -973 ~2421 -784
Co 6 787 375 -817 -2032 -658
Ni 7 710 339 -676 -1683 -545
Cu 8 642 306 -562 -1399 ~453
Zn 9 58 278 -AT0  -1169 -378.
b+ '

X N By B By By Byy
V.1 1217 581 =-3023  -7523  -2435
Cr 2 1012 1483 -1904  -4739  ~-1534
Mn 3 961 459 -1808 -4498 -1456
Fe 4 775 370 -1154 ~2872 =930
Co 5 7i4 341 -950  -2365 ~766-
Ni 6 647 309 -T64  -1902 -616
Cu 7 584 279  -0606 -1507 -488
Zn 8 530 253 -465  -1156 -374
Ga 9 b8 214 -302  -751 -2113

9.3 Experimental Parameters (cm™ ')

Ion r2) f g By, Byg Ref

Mn2*

57,550 41,240 65 337 -920 3730 21,180 -1390 -12,660 11
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(1968), 251.

W.-L. Yu and M.-G. Zhao, Determination of the MnF, ang ZnF, Crystal
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(1985), L1087,

66




10, M0

10.1 Crystallographic Data on Mg0

Cubic Op (Fm3m), 225, Z = 4

Ion Site Symmetry x2 y z q a (a3)P
) Mg Wa) 0, 0 0 0 +2 0.0809
0 u(b) Op 12 1/2 1/2 -2 1.349
) - —
8-ray data, a = 14,2112 (reference 54).
) Reference U5,
) 10.2  Crystal Fields for Mg (0,) Site
' 10.2.1 -Crystal-field components, Apm (cm'T/An),,fbr Mg,(oh) site
: Ay, Monopole Self-induced Total
P Ayy 20,084 5,812 14,271
; Ay, 12,002 -3, 474 8,528.8
; s(0) _ 91,851 em™1/8°
) s(@) . 7523,7 em™ /4"
s < 621,35 om™1/a®
)7:
’,
)
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10.2.2 Theoretical crystal-field parameters, B

(a) For monopole A,

X2 N By By

Se 1 81,400 u8,644
i1 2 50,310 30,065
v 3 34,504 20,619
cr 4 24,784 14,810
Mn 5 18,021 10,769
Fe 6 14,533 8,685
Co 7 11,724 6,887
Ni 8 9,19 5,493
cu 9 7,387 4,y
x3* N By, By

™ 1 25,728 15,375
v 2 18,367 10,976
cr 3 13,880 8,295
Mn 4 10,771 6,437
Fe 5 8,389 5,013
Co 6 7,042 4,208
Ni 7 5,830 3,48
Cu 8 4,846 2,896
Zn 9 4,049 2,420
XN By By

v 1 26,069 15,579
cr 2 16,423 9,814
Mn 3 15,587 9,315
Fe L 9,952 5,947
Co 5 8,196 14,898
Ni 6 6,592 3,939
cu 7 5,222 3,121
Zn 8 4,007 2,394
Ga 9 2,603

(em™ 1), for Apq Of Mg (0,)
site for transition-metal ions with electronic configuration ndN

(b) For total A,

x2*

N By By
Se 1 57,840 3H4,567
Ti 2 35,749 21,365
V.3 24,518 14,652
cr 4 17,610 10,525
Mn 5 12,805 7,653
Fe 6 10,326 6,171
Co 7 8,188 14,894
Ni 8 6,532 3,904
Cu 9 5,249 3,137
x3* N By, By
Ti 1 18,281 10,925
v 2 13,051 7,800
cr 3 9,863 5,854
Mn 4 7,654  N,57H
Fe 5 5,961 3,563
Co 6 5,003 2,990
Ni 7 b,143 2,476
cu 8 3,4 2,058
Zn 9 2,877 1,719
XN By By
v 1 18,524 11,070
cr2 2 11,669 6,974
Mn 3 11,076 6,619
Fe 4 7,071 4,226
Co 5 5,84 3,u81
Ni6 6 4,684 2,799
cu 7 3,71 2,218
Zn 8 2,847 1,702
Ga 9 1,850 1,105
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10.3

Experimental Parameters (cm™ ')

on B P4 B Rer.

cr3* 50,906 37,825 70 33,579 52
Vet 42,429 30,239 60 30,429 52
va* 47,625 25,455 79 29,400 48
cr3* 52,780 36,792 70 33,390 72

cr3* 54,600 40,950 -- 34,020 250
cr3* su,250 40,320 -- 34,860  32°
crét - -- - 14,000 12

Ni2* - -- -~ 18,060 279
Ni2* -~ - - 17,115 40

Ni%* 66,343 4,47 --  17.451 37
8 = 270

bz = 135

Cx = 210

dRef‘er's to experimental optical data by A. G.
Shenstone (reference U46).
= 645
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1. BejAl,(Si03)¢ (Beryl, Emerald)

11.1 Crystallographic and X-Ray Data on Be3A12(Sio3)6

Hexagonal D, (P6/mcc), 192, 2 = 2

Ion Site Symmetry x2 y z q a(a)3®
Al k(ec) D3 1/3 2/3 174 +3 0.0530
Be 6(r) D2 1/4 0 174 +2 0.0125
Si 12(%) CS 0.382 0.118 0 +] 0.0165
o, 12(8) ¢, 0.204 0.242 0 -2 1.349
02 24(m) C1 0.499 0.143 0.138 -2 1.349

aX-ray data:

Reference 9.

11.2 Crystal Fields for Al (D3} Site

a = 9,206 A, ¢ = 9.205 & (reference 114).

11.2.1 Crystal-field components, A, (em™'/A"), for Al (D3) site

Anm Monopole Dipole Self-induced Total
A,y 16,578 13,630 1289  -1659

A3z -i4,113 12,941 12339  -idmé

Ayg -16,436  -23,937 6117  -34257

Ayz 20,357 29,273 -8311 41288

Ag3 -i4,004  ~i3,056 11543  -i5516

s(0) _ 18,026 em~1/42

s(2) < 13,560 em™1/a"

st = 1,535.7 em™1/48

T4




BegAl,(5i03)6

11.2.2 Theoretical crystal-field parameters, Bnm (cm'1), for Anm of Al N
(D3) site for transition-metal ions with electronic configuration nd

(a) For monopole Apm (b) For total A,
2+

S Byo  Byz X N By Byo B3
Se 1 -22,745 -66,615 82,507 Sc 1 -2276 -138,840 167,340
™™ 2 ~17,788 -41,172 50,994 Ti 2  -1780 =-85,814 103,430
v 3 -1h4,625 -28,237 34,973 V 3 -1464 -58,854 70,933
cr 4 -12,306 -20,282 25,121 Cr 4  -1232 -42,273 50,949
Mn 5 -10,433 ~-14,748 18,266 Mn 5  -1044 -30,739 37,048
Fe 6 -9,244 -11,893 14,730 Fe 6 ~925 -24,788 29,876
Co 7 =-8,151 -9,431 11,681 Co T -816 -19,657 23,691
NI 8 ~-7,216 -7,523 9,317 Ni 8 ~122 -15,679 18,898
Cu 9 -6,117 -6,045 7,487 Cu 9 -642 -12,600 15,186

+ o +
XN By Byg  By3 XN By Bio B3
Ti 1 -13,193 =21,055 26,077 Ti 1  -1320 -43,883 52,890
v 5 -11,089 -15,031 18,616 V 2 -1110 -31,328 37,758
cr 3 -9,576 -11,359 14,069 cr 3 ~958 ~-23,675 28,534
Mn 4 -8,379 -8,815 10,917 Mn 4 -838 -18,372 22,143
Fe 5 -7,354 -6,865 8,503 Fe 5 -736 -14,309 17,246
Co 6 =-6,664 ~-5,763 7,137 Co 6 -667 ~-12,011 14,476
Ni 7 -6,013 -4, 771 5,910 Ni T =602  -9,945 11,986
Cu 8 5,438 -3,966 4,912 cu 8 -544  -8,266 9,963
Zn 9 -4,935 -3,314 4,104 Zn 9 -9y -6,906 8,324

b+ T 4+
X N By Byo  Byz3 X N By Byo  Byz
v 1 -10,307 -21,334 26,423 V 1 -1031 -4k, 466 53,592
cr 2 -8,57T4 -13,440 16,646 Cr 2 -858 -28,012 33,761
Ma 3 -8,142 -12,756 15,799 Mn 3 -815 -26,587 32,0uk
Fe 4 -6,562 ~8,144 10,087 Fe 4 -657 -16,974 20,458
Co 5 -6,048 =6,708 8,308 Co 5 =605 -13,980 16,850
Ni 6 -5,477 ~5,394 6,681 Ni 6 -548 ~11,243 13,551
Cu 7 -4yoM4  ~4,273 5,293 Cu 7 -495  -8,907 10,735
Zn 8 -4,489 ~-3,279 4,061 Zn 8 -449  -6,834 8,237
Ga 9 -3,798 2,130 2,638 Ga 9 -380  -h,440 5,351

11.3  Experimental Parameters (em™T)

Ion P2 ) oy, Byy  By3  Ref

- -2,280 2,725.12 5

cp3* 58,940 37,296
v3 49,560 37,170

)
{
1
1
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Be3Al,(S103)¢

11.4  Bibliography

1. A. A. Akhumyan, Zh, A. Arakelyan, G. V, Bukin, R. M. Martirosyan, and
V. K. Ogneva, Quantum Parametric Amplifier Utilizing Synthetic Emerald
Crystals, Sov. J. Quantum Electron. 9 (1979), 61.

2. A. A, Akhumyan, R. M. Martirosyan, and N. G. Pogosyan, Quantum
Amplification of Millimeter Waves by Synthetic Emerald Crystals, Sov.
Tech. Phys. Lett. 7 (1981), 371.

3. P, J. Beckwith and E. J. Troup, The Optical and Infrared Abscrption of
v3* in Beryl (Be3A12816018), Phys. Status Solidi 416 (1973), 181.

y, J. Buchert and R. R. Alfano, Emerald--A New Gem Laser Material, Laser
Focus (September 1983), 117.

5. J. E. Geusic, M. Peter, and E, 0. Schultz-Dubois, Bell Syst. Tech. J.
38 (1959), 291.

6. R. M. Martirosyan, M. 0. Manvelyan, G. A. Mgatsakanyan, and V, S,
Sevastyanov, Spin-Lattice Relaxation of Cr Ions in Emerald, Sov.
Phys. Solid State 22 (1980), 563.

T. L. V. Nikol'skaya, and M. I. Samoilovich, Optical Absorption Spectra of
Beryls in the Near Infrared (900-2500 nm), Sov. Phys. Crystallogr. 24
(1979), 604.

;Ké+SchTetzer and H. H., Eysel, Absorption and Emission Spectra of
Vet y3 Doped Beryls, Z. Naturforsch. Teil A 29 (19T4), 1458.

P. C. Schmidt, A. Weiss, and T. P, Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

B. V. Shul'gin, M. V. Vasilenko, V. P, Palvanov, and A. V. Kruzhalov,
Electronic Spectra and Structure of Beryl and Chrysoberyl, Zh. Prik,
Spektrosk. 34 (1981), 116.

V. P. Solntsev, A, S. Lebedev, V. S, Pavlyuchenko, and V. A. Klyakhin,
Copper Centers in Synthetic Beryl, Sov. Phys. Solid State 18 (1976),
805.

M. V. Vasilenko, A. V. Kruzhalov, and G, V. Bukin, Excitation Spectra
of Synthetic Emerald in the Vacuum Ultraviolet Region, in Proceedings
of the All-Union Conference on Physics of Dielectrics and New Areas for
Their Use [in Russiaunl, Karaganda (1978), 97.

D. L. Wood and K. Nassau, Infrared Spectra of Foreign Molecules in
Beryl, J. Chem. Phys. 47 (1967), 2220.

R.W.G. Wyekoff, Crystal Structures, vol. Y4, Interscience, New York
(1968), 277.

76




12, Na3M2L13F12 (Fluoride Garnets)

’ 12.1 Crystallographic Data on Na3M2Li3F12

Cubic 0;0 (I1a3d), 230, Z = 8

’ Ion Site Symmetry x y z qQ a (83)
M 16(a) Cag 0 O 0 3 o
’ Na  2i(e) D 0 1/4 1/8 1 o0.147?
: LI 24(d) Sy o 1/4 3/8 1 0.03212
F 96(f) Cq Xy Z -1 0.7312
) 3Reference 18.
M a () X y z a, (A3)  Ref.
P Al 12,122 -0.02888 0.04268 0.13989 0.0530 21
Se 12,607 -0.0343 0.0499 0.1407 0.0540 14
] Ti 12,498 -0.035 0.050 0.140 0.332 13
v 12.409 -0.035 0.050 0.140 0.313 13
— Cr 12.328 -0.035 0,050 0.140 0.292 13
) Mn 12,141 - -~ - 0.278 --
Fe 12.393 -0.035 0.050 0.140 0.242 13
Fe 12.387 -0,02954  0.04737 0.14538 0.242 10
i Co 12.326 -0.035 0.050 0.140 0,232 13
] Ni 12,446 -- -- - 0.228 -
Rh 12.415 -0.035 0.050 0.140 0.718 13

! @Reference 6.
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Na3H2Li3F12

12.3 Crystal-Field Data

12.3.1 Crystal-field components, Anm (em /A"), for M (C 1) site in Na3M2Li3F12

(rotated so that z-axi. is along (111) crystallographic axis)

Monopole Total
M
A20 Ao Ay3 A20 Ayo Ay3

AL -2051  -14,470 16,491 732.8  -15,454 18,471
Se 107.7 -10,058 11,840  -307.3  -11,064 13,385
In -123.3  -9,150 10,803  -482.,5  -10,065 12,202
Ti -466.9  -10,590 12,595  -841.2  -11,667  14,2M
v -477.0  -10,975 13,054  -881,1  -12,050 14,770
Cr -486.5 -11,3450 13,489  -919.6  -12,492 15,273
Fe -478.8 -11,0U46 13,139 -888.6 -12,168 14,868
Fe  -3026  -10,404 11,650 196612  ~-11,351 13,247
Co -486.7 -11,349 13,500  ~920,6  -12,502 15,285
Rh -476.3  -10,948 13,023  -876.4  -12,062 14,73}

78




12.3.2 Theoretical crystal-field parameters, Bnm (cm"), for Al (C i
rNa3A12Li3E12 for transition-metal ions with electronic conf?g

(a) For monopole A,

(b) For total Apn

) site of N
uration 3d

+ +
X2 N By Buo By X¥T N By By Big
Se 1 -2814 -58,646 66,838 Sc 1 1006 -62,636 74,865
T4 2 -2201 -36,247 41,310 Ti 2 786 =-38,713 46,27
v 3 ~-1809 -24,859 28,332 V 3 6T -26,551 31,734
cr 4 -1522 -17,856 20,350 Cr 4 544 -19,071 22,794
Mo 5 -1291 12,984 14,797 Mn 5 461 -13,867 16,575
Fe 6 -1144 -10,470 11,933 Fe 6 409 -11,183 13,366
Co 7 ~1008 -8,303 9,463 Co 7 360 -8,868 10,599
Ni 8 -893 -6,623 7,548 Ni 8 319 -7,073 8,455
Cu 9 =794  -5,322 6,065 Cu 9 284 -5,684 6,794

+ +
X3 N By Bio  Bu3 XN By By By
™ 1 -1632 -18,536 21,125 Ti 1 583 -19,797 23,662
v 2 ~-1372 -13,233 15,081 V 2 1490 ~-14,133 16,892
cr 3 ~-1185 -10,000 11,397 Cr 3 k23 -10,680 12,766
Mn 4 -1037 ~7,760 8,844  Mn 4 370 -8,288 9,906
Fe 5 -910 ~-6,044 6,888 Fe 5 325 -6,U55 7,716
Co 6 -824  -5,073 5,782 Co 6 295 -5,118 6,476
Ni 7 T4 -4,201 4,787 Ni T 266 ~4,486 5,362
Cu 8 -673  -3,492 3,979 Cu 8 240 -3,729 4,457
zn 9  -611 -2,917 3,325 2z 9 218 -3,116 3,724

+ +
XN By Bio  Buyz X N By By By
V.1 -1275 -18,782 21,405 V 1 U456 -20,060 23,976
cr 2 -1061 -11,832 13,485 Cr 2 379 -12,637 15,104
Mn 3 -1007 -11,230 12,799 Mn 3 360 =-11,99% 14,336
Fe 4 -812 7,170 8,171 Fe 4 290 -7,658 9,153
Co 5 ;748 5,905 6,730 Co 5 267 -6,307 7,538
NI 6 =678 =h, 749 5,412 Ni 6 242 -5,072 6,062
cu 7 -612 ~3,762 4,288 Cu 7 219 -4,018 1,803
Zn 8 555 ~2,887 3,290 zn 8 198 -3,083 3,685
Ga 9 -470 -1,875 2,137 ca 9 168 -2,003  2,39%
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12.3.3 Theoretical crystal-field parameters, B, (cm-1), for Se (C i) site of N
Na3802L13F12 for transition-metal ions with electronic conf?guratlon 3d

(a) For monopole A, (b) For total A,
+ ) +

X2* N By Bio By KT N By Bio By3

Sc © 1 -148 41,243 ~48,020 Sc 1 -422 -4i, 842 54,249
T 2 -116 25,491 -29,679 T4 2  -330 -27,715 33,529
v 3 -95 17,482  -20,355 V 3 =271 -19,008 22,995
cr 4 -80 12,557  ~-14,620 cr 4  -228 -13,653 16,517
Mn 5 -68 9,131 -10,631 Mn 5  -193 =-9,928 12,010
Fe 6 -60 7,363 -8,573 Fe 6 -17 -8,006 9,685
Co 7 =53 5,839 -6,798 Co 7 -151 -6,3U49 7,680
Ni 8 -47 4,658 -5,423 Ni 8  ~-134 5,064 6,126
Cu 9 -42 3,743 -4,358 cu 9 -119  ~4,069 4,923
X' N By Buo Byg 1T N By Buo Bu3

Ti 1 -86 13,035  ~-15,177 Ti 1 -245  ~14,173 17,146
v 2 -72 9,306 -10,835 V 2 =206 -10,118  12,2M
cr 3 -62 17,033 -8,188 ¢cr 3  -177 ~-T7,6u6 9,250
Mn i ~54 5,457 -6,354 Mn y -155  -5,934 7,178
Fe 5 -48 4, 251 -4,949 Fe 5 -136  ~4,62i 5,591
Co 6 =43 3,563 -4,154 Co 6 -124  -3,879 4,693
Ni T -39 2,954 -3,450 NI 7 =111 =3,212 3,886
Cu 8 -35 2,456 -2,859 Cu 8 -101  ~-2,670 3,230
Zn 9 -32 2,052 -2,389 Zn 9 -91  -2,231 2,698

+ +

X! N By Byg By3 XN By Byg By3

v 1 -67 13,208  -15,379 V 1 -191 -14,360 17,374
Cr 2 -56 8,321 -9,688 Cr 2  -159 =9,0k7 10,945
Mn 3 =53 1,898 -9,195 Mn 3  -~-151 -8,587 10,388
Fe 4 -43 5,042 -5,871 Fe 4 -122 -5,482 6,632
Co 5 -39 4,153 -4,835 Co 5 -112  -4,515 5,462
Ni 6 -36 3,340 -3,889 Ni 6  -102 =-3,63% 4,393
Cu 7 =32 2,646 -3,081 cu 7 -92  -~2,877 3,480
7n 8§ ~29 2,030 -2,364 zn 8 -83 ,-2,207 2,670
Ga 9 9 -70  -1,434 1,735

=25 1,319 -1,536 Ga -
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12.3.4 Theoretical crystal-field parameters, B, (cm-1), for In (C§i) site of
g

12.4

Na3In2L13F12 for transition-metal ions with electronic configuration 3dN

(a) For wonopole A, (b) For total A,

+ +
X3 N By Byo Bz X' N By Byo By3
Se 1t -169 -37,086 43,785 Se¢ 1 -562 -40,793 49,1455
M 2  -132 -22,922 27,062 Ti 2 -518 -25,213 30,566
v 3 -109 -15,720 18,560 V 3  -426 -17,292 20,963
cr 4 -92 -11,291 13,331 Ccr 4  -358 -12,420 15,057
Mn 5 -78 -8,211 9,694 Mn 5  -304 -9,031 10,949
Fe 6 -69 -6,621 7,817 Fe 6 -269 -7,283 8,829
Co 7 -61  -5,250 6,199 co 7  -23T7 -5,T75 7,002
NI 8 -54  -4,188 4,945 Ni 8  -210 -4,607 5,585
cu 9 -48  -3,366 3,973 cu 9  -187 -3,702 4,488
X' N By Buo Bz X' N By Byg Bus
Ti 1 -98 -11,722 13,839 Ti 1 -384 -12,893 15,631
v 2 -82  -8,368 9,879 V 2 -323 -9,204 11,159
cr 3 -1 -6,324 7,466 c» 3 -2719 -6,956 8,433
Mn y -62  -4,907 5,794 Mn y 244  -5,398 6,544
Fe 5 -55  -3,822 4,512 Fe 5 =214 ~-4,204 5,097
Co 6 -50 ~-3,208 3,788 Co 6 ~194  -3,529 4,278
Ni 7 -45  -2,656 3,136 Ni 7  -175 =-2,922 3,542
cu 8 -4  -2,208 2,607 Cu 8  -158 -2.429 2,9u4
Zn 9 -37  -1,845 2,178 Zzn 9  -144 -2,029 2,460

+ +
X*NT By, Byo Byg X N By Byo Bz
v 1 -77 -11,877 14,022 V¥ 1 -300 -13,064 15,838
cr 2  -64 -7,482 8,834 cr 2 -250 8,230 9,978
Mn 3 61  -7,102 8,384 Mn 3 -237 -7,811 9,470
Fe U -49  -4,53Y4 5,353 Fe 4 191 -4,987 6,046
Co 5 -5  -3,734 b,409 Co 5 -176  -4,108 4,980
NI 6 -41  -3,003 3,546 Ni 6  -159 -3,303 4,005
Cu 7 -37 -2,379 2,809 -Cu 7 -4y -2,617 3,173
In 8 -33  ~1,826 2,155 zn 8 -131 -2,008 2,434
Ga 9 -28  -1,186 1,400 Ga 9  -111  -1,304 1,581

Experimental Parameters (cm-1) for—(;r'3+ in Na3M2L§3F12

(2) () i

In 59,696 42,714 0 -22,218% -~ 5
Ga 59,973 lU2,242 o0 -22,9882 -- 1

8ubic approx. Byg = Y10/7|B, |
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13.  Cs,SnBrg

13.1 Crystallographic Data on Cs,SnBrg

Cubic 07 (Fm3m), 225, Z = 4

Ion Site Symmetry x2 ¥ z q  alad)
Sn 4a) 0, 0 0 o 4 0.37°
Cs 8(e) Tq 1/4 1/ 1/4 1 2.492¢
Br  24(e) ¢y, X 0 0 -1 3.263°

ax-pay data: a = 10.81 A, x = 0.245 (reference 7).
Reference 5.
CReference 6.

13.2 Crystal-Field Components, A, (cm"1/A"), for Sn (Oh) Site

Anm Monopole  Self-induced Dipole Total

Ayo  3325.2 -2255.7 5087.6  6157.0
Ay,  1987.2 ~1348.0 30404  3679.5

13.3  Experimental Parameters (em )

Ton ndv  F(2 A By, Ref

os?* 5a* 88,308 34,676 3212 10,0906 A4
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7. R.W.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York

(1968), 339.

85




14, KMgF 5

14.1  Crystallographic Data on KMgF o

Cubic 0; (Pm3m), 221, Z =1

Ion Site Symmetry x2 y 2 q o (&3P

K 1) 0, 0 0 0 1 0.827
Mg 1(b) 0, 1/2 1/2 1/2 2 0.0809
Fooo3(d) Dy /2 1/2 0 -1 0.731

3-ray data: a = 3.973 A (reference 33).
Reference 25.

14.2  Crystal-Field Components, A, (em™1/81), for Mg (0,,) (1b) Site

Arlm Point charge Self-induced Dipole Total

Ayo 13,281  -5022 0 8260
Ay 7,937 -3001 0 4936

14.3  Experimental Parameters (cm™ ')

Ion F(2) p(t) r o« Byo® Ref.
vt 53,362 28,065 -~ 79 25,515 29
co2* 70,224 148,787 500 -- 16,800 6
Ni* 74,480 50,274 620 -~ 14,658 4
Mn2* 64,099 38,983 o 0 18,659 29
Ni%* 76,405 53,298 --  -- 15,225 13
Ni%* 74,270 49,322 ~-  -- 15,909 (b)

3y = V5718 By (2) (H
Best fit to the data (reference 31) with F ), F( ), and Buo varied.
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15.1

15.2

BeAlZOu (Chrysoberyl, Cr:BeAlzou = Alexandrite)
Crystallographic Data on BeAl,0),

Orthorhombic D;g (Pnma), 62, Z = U

Ion Site Symmetry x y z a o (a3)2
Al I(a) Ci 0 0 0 3 0.0530
A12 4(e) CS X 174 pA 3 0.0530
Be U(e) Cq X 1/4 gz 2 0.0125
O1 b(e) CS X 1/4 z =2 1.349
3Reference 15.
X-Ray Data
Cell size A12 Be
a b o] X 2 X ) 2
9.4041  5.4756 U.4267  0.27319 -0.00595 0.09294  0.43347
9.407 5.4781 4,4285 0.27283 -0,00506 0.09276 0. 43402
0 0 ’ 0
! _ 2 3 Ref.
X z X VA X y A
0.09051 0.79016 0.43343 0.24097  0.16318 0.01718 0.25850 28
0.25687 3

0.09031 0.78779 0.43302 0.24137 0.16330 0.01529
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Crystal-Field Components

Anm (cm'1/An) for Aly (Cg) site (rotated so that z-axis is perpendicvlar
to mirror plane)

Calculated using data from Calculated using data from
reference 28 reference 3

Anm Monopole Total Anm Monopole Total
ReAqy -1,474 -2533 Relqq -1,247 -2303
ImA, -5,753  ~1586 ImA, 6,656 1410
Ayp 4,776 -658.4 Ay li, 828 -471.4
Ars 5,573 6129 Asp 5,584 5661
Rels 6,459 3852 ReAsy 6,754 3340
ImA31 -7,028 3936 ImA31 -6,192 3415
ReA33 -4,503 -2U46.7 ReA33 -4,408 ~79.97
ImAzq -1,662 46.55 ImAg3 -2,256 ~50.58
Ayg -4,588 -1744 Ayg -4,872 -1994
ReAy,  -18,247  -25T Redy,  -17,366 -2231
ImAy, -12,176 8657 ImAy, -13,550 8786
Refyy 4,922  -3188 ReAy), 3,246 -3544
ImAy) 11,144 -4138 ImAyy 11,736 -3798
ReAg, 180.6  322.5 ReAs, 153.9 378.6
ImAg, -2,189 1879 ImAg, -1,991 1914
ReAgs -1,037 1287 ReAgs ~969.5 1295
ImA53 -1,271 -687.8 ImA53 -1,39 -849.1
ReAgg -1,674 812.1 ReAgg -1,566 984.6
ImASS 360.7 1159 ImA55 42.10 994,5
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16.1 Crystallographic Data on ZnAl,0y

Cubic oz (Fd3m), 227, Z = 8

Ion Site Symmetry 2 y 2 q o (&3P
n 8(a) Td 0 0 0 2 0.676
AL 16(d)  D3gq  5/8 5/8 5/8 3 0.0530
0 32(e) C3v X X X -2 1.349

8Y-ray data: a = 8.0883 &, x = 0.390 (reference 13).
Reference 10.

16.2 Crystal Fields for Zn (Ty) Site

16.2.1 Crystal-field components, A Scm'1/An), for Zn (T,4) site

A, Monopole Dipole Self-induced Total

Bgp  -127,467 17189 16951 -i1,327

Ayy 7,174 2502 2716 -1,956
1= /-1 ’

16.2.2 Crystal-field components, A . (cm"1/An),—for Al (Dy4) site (rotated so
that z-axis is parallel to ?111) crystallographic axis)

Anmrr Monopole Dipoié Self-induced Total
Ay 5,008 22,132 -2576 24,559
Ayg -21,556  -3,990 9380 -16,162

Ays 24,259 1,809 -9322 16,830

16.3  Experimental Values (qm'1) of F(Z), F(NO, @, g, and B for ndV Ions

on o F® P4 By By, Byy By  Ref.
co?t 3d7 59,367 42,210 86 420  ~-- -8,640 5145.46 -- 9

3+ 3
cr 3d3 56,700 40,320 -- 250 4608 -30,625 - 28,415  3,7,12
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17. LiMgZrOy

17.1 Crystallographic Data on LiMgZro),

Tetragonal {(I%,/amda), 141 (second setting), Z = 2

Ion Site Symmetry x2 y z q « (a3)
0 8(e) Coy 0 /4% 0.108 -2 1,349
rMg  l(a) Dog 0 3/4 1/8 4,2 0.280
Li 4(v) Dog o /4 3/8 1 0.0321

8X-ray data: a = 4.209 A, ¢ = 9.145 A (reference 1).

17.2  Crystal-Field Components, A, . (cm'1/An) for da (Dyy) Site

Assuming that average charge on site U(a) is +3

Anm

Anm Monopole Self~induced Dipole Total
A32 618.0 -854.3 4,448 4,212
Ayo 19,053 -5338 2,835 16,550
Ayy 11,142 -3404 -430.3 7,308
A52 "1,763 59906 -1)229 —2,393

17.3 Reference

1. M. Castellanos, A. R. West, and W. B. Reid, Dilithium Magnesjium
Zirconium Tetraoxide with an a-LiFe02 Structure, Acta Crystallogr. CH1
(1985), 1707.
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18. La3LuZGa3O12

18.1 Crystallographic Data on La3LuZGa3O12

Cubic 0;0 (123d), 230, Z = 8

Ion Site Symmetry x2 y 2 q a (A3)b
La  2l(e) D, 0 1/4 1/8 3 1.4

Ga  24(d) Sy 0 174 3/8 3 0.458
0 96(h) Cy -0.02976 0.05819 0.15699 -2 1.349
8x-pay data: a = 12.93 (reference 1). 7

Values for o are from reference 6, and for values not given there,
the o values are from reference 2.

16.2 Crystal-Field Components, A,y (cm'1/An)

18.2.1 For Ga ion in 2U4(d) (Sy) site

Anm Point charge Self-induced Dipole Total

Ay 10,298 -2189 8197 16,306
ReAs, -14,919 4063 -7814  -18,670
ImAg, 32,502 ~-8342 6011 30,171
Ayg -18,159 7076 -5524  -16,607
ReAyy -4,696 1758 4006 ~2,538
ImAyy ~5,156 2214 -2319  -5,260
ReAg, -1,758 1130 -1683 -2,311
ImAg, 3,807 ~2351 2290 3,475

18.2.2 For Lu ion in 16(a) (C i) site (rotated so that z-axis is parallel to
(111) erystallographicaxis)

Anm Point charge Self-induced Dipolé Total
Ayp -10,698 3041 8056 -6852
RgAu3 600 -316 2583 2867
ImAu3 -11,521 3056 -13 ~-8478
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La3LuzGa3012

18.2.3 For La ion in 24(c) (D,) site?

Ann Point charge Self-induced Dipole Total

Asg -1196 -369 11,910 10,345
A32 -i1029 -i34 i1,453 i390
Ayg -663 =70 ~20 =753
Ao 5073 =990 -323 3,760
Ayy ~2522 530 971 -1,021
A52, 11783 -1477 1106 i1,414
Agy 1967 ~-i253 -i87 i627
A6o -1203 336 y -863
Ago 549 =213 200 536
Agy 567 =193 =235 139
Agg =474 166 202 106
A72, -i73 i32 i124, i83
gy i106 -i60 i68 i1l
A76 i159 -i54 ~-i43 i62

& = /3

18.3 Experimental Parameters (em™ )

Ion ‘Symmetry F(Z) F(u) BHO 7T Ref.

cr3* Cy 49,830 35,097 -20,720 WK 7

18.4 Bibliography and References-

1. T. H. Allik, S. A. Stewart, D. K. Sardar, G. J. Quarles, R. C. Powell,
C. A. Morrison, G. A. Turner, M. R. Kokta, W. W. Hovis, and A. A.
PinEo, Preparation, Structure, and Spectroscopic Properties of
2329:{La1_x Lux}3[Lu1_ngyJZGa3012 Crystals, Phys. Rev. 37 (1988),

2. S. Fraga, J. Karwowski, and K.M.S. Saxena, Handbook of Atomic Data
(1976), 319. 4

3. M. Kokta and M. Grasso, New- Substituted Gallium- Garnets Containing
Trivalent Lanthanum on Dodecahedral Crystallographic Sites, J. Solid
State Chem. 8 (1973), 357.

y, K. Petermann and G. Huber, Broad Band Fluorescence of Transition Metal
Doped Garnets and Tungstates, J. Lumin. 31,32 (1984), T1.

5. D. K. Sardar, G. J. Quarles, R. C. Poweil, and M. R. Kokta,

Spectroscopic Properties of La Lu26a3012:Nd * Crystals, A.IL.P.
Proceedings 146, New York (198%).

98




LagLu,Gag0;

6. P. C. Schmidt, A. Weiss, and T. P, Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

7. B. Struve and G. Huber4 The Effect of the Crystal Field Strength on the
Optical Spectra of ¢r3” in Gallium Garnet Laser Crystals, Appl. Phys.
B36 (1985), 195.

8. E. V. Zharikov, A. S. Zolot'ko, V. F. Kitaeva, V. V. Laptev, V. V.
Osiko, N. N. Sobolev, and I. A. Sychev, Measurement of Elastic and
Photoelastic Constants of the Garnet {Lasz0.3Luo.7} Lu26a3012, Sov.
Phys. Solid State 25 (1983), 568.




19.
19.1

19.2

19.3

in0

Crystallographic Data on Zn0

Hexagonal Cgv (P63mc), 186, Z = 2

Ion Site Symmetry X y z q a (a3)a
Zn  2(b) C3y - 1/3 2/3 0 2 0.676
0 2(b) C3v 1/3 2/3 z -2 1.349
3Reference 24.
X-Ray Data
a o] 7 2 Ref.
3.24950 5.2069 0.345 30
3.24270 5.1948 0.3826 23
3.24968 5.20662 0.3825 1

Anm (em™1/8M), for

—saree.

Crystal-Field Components,

Calculated using data from reference 30

A,, Point charge Self-induced Dipole Tntal
Aqg 31,224 0 7,662 38,886
Asg 17,809 -2,962 22,891 37,738
A3o 36,957 -9, 440 8,892 36,409
A33 15,279 -3,287 -, 742 7,249
Auo 10, 0“3 “5,353 ‘4',,269 8, 959
Au3 -8,681 2,903 1,11 -l4, 637
A50 4,136 -3, 662 6,358 6,831
Calculated using data from reference 23

Anm Point charge Self-induced Dipole Total

L 28,160 0 -311.5 27,849
Ay -1,685 254.0 14,628 13,197
A30 29,882 -6,758 6,088 29,211
A33 20,084 -4,709 -3,930 11,446
L 8,622 -3,384 -449.8 -5,885
Au3 -9,102 3,384 -167.6 -5,885
ASO ~551.3 269.1 2,694 2, 111
A53 -886.2 250.6 1,696 1,060
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Zn0

‘Calculated using data from reference 1

Aym Point charge Self-induced Dipole Total

Ay -1,631 244, 7 14,44y 13,058

A33 19,895 ~4633 -3,870 11,392

Au3 -9,003 3325 -161.1 -5,840

A53 -868.7 242.5 1,661 1,035
19.4  Experimental Parameters (cm™ )
Ion nd¥  F(?) r() « B T Bog Byo By Ref.
Ni2* 3dg 63,630 146,620 =-- ~=' 500  95.69 7072 6529 2
Ni2* 3d; 63,602 46,570 -- - 500 - 5880 7028 29%
Ni2* 348 63,218 43,674 -- -- 630 -- 5670 6777 202
co2* 347 62,388 43,943 -~ -- 630 ~-- 5460 6526 297
co?* 3d7 61,250 44,100 -- =-- 1450 -590 4O77 7331 16
co?* 347 56,350 39,690 =-- ~-- 540 ~-- 5460 6526 112
cud* 349 .- - a— mm ee e 7000 8367 29%

“cudie, B,, = 0, By3 = Y1077 |By|

19.5 Bibliography and References

1. S. C. Abrahams and J. L. Bernstein, Remeasurement of the Structure -of
Hexagonal Zn0, Acta Crystallogr. B25 (1969), 1233.

2. R. S, Anderson, Lattice-Vibration Effects in the Spectra of Zn0O:Ni and
Zn0:Co, Phys. Rev. 164 (1967), 398.

3. G. D. Archard, Anomalous Lattice Constants of Zinc Oxide, Acta
Crystallogr. 6 (1953), 657.

b, W. Bond, Measurement of Refractive Indexes of Several Crystals, J.
Appl. Phys. 36 (1965), 1674,

5. I. J, Broser, R.K.F. Germer, H.-Joachin, E. Shultz, and K. P.
Wisznewski, Fine Structure and Zeeman Effects of the Excited State of
the Green Emitting Copper Centre in Fine Oxide, Solid-State Electron.
21 (1978), 1597.

6. H. E. Brown, Zinc Oxide Properties and Applications, International Lead

Zinc Research Organization, New York, NY (1981). (This reference
contains a very extensive bibliography.)

101




Zn0

T. R. Collins and D. Kleinman, Infrared Reflectivity of ZnO, Phys. Chem.
Solids 11 (1959), 190.

8. R. Dingle, Luminescent Transitions Associated with Divalent Impurities
and the Green Emission from Semiconductivity ZnO, Phys. Rev. Lett. 23
(1969), 579.

9. f. T. Drapak, Growing Zinc Oxide Single Crystals and Films, Neorg.
Mater. 16 (1980), 362.

10. K. Fischer and E. Sinn, On the Preparation of ZnO Single Crystals,
Cryst. Res. Tech. 16 (1981), 689.

1. G. Heiland, E. Moilwo, and F. Stockmann, Electronic Processes in Zine
Oxide, Solid State Phys. 8 (1959), 193.

12. W. Johnston, Characteristics of Optically Pumped Platelet Lasers of
- Zn0, CdS, CdSe, and CdS-Se Between 300° and 80°K, J. Appl. Phys. gg
(1971), 2731.

13. S. A. Kazandzhiev, M, M. Malov, V. D. Chernyi, M. N. Mendakov, A. N.
Lobachev, and I. P. Kuzmina, Effect of Growth Conditions on Optical
Properties of Zinc Oxide Single Crystals Grown by Hydrothermal
Synthesis, Opticheshie Issledovanja Polaysrovdnikov (1980), p 99.

14, A. D. Liehr, The Three Electron (or Hole) Cubic Ligand Field Spectrum,
J. Phys. Chem. 67 (1963), 1314, (This reference contains a multitude of
references to earlier work.)

15. D. Louer, J. P. Auffredic, J. I. Langford, D. Ciosmak, and J. C.
Niepce, A Precise Determination of the Shape, Size and Distribution of
Size of Crystallites in Zinc ‘Oxide by Oxides by X-Ray Line-Broadening
Analysis, J. Appl. Crystallogr. 16 (1983), 183.

16. R. M. Macfarlane, Perturbation Methods in the Calculation of Zeeman
Interactions and Magnetic Dipole Line Strengths for d° Trigonal-Crystal
Spectra, Phys. Rev. B1 (1970), 989. :

17. W. C. Mackrodt, R. F. Stewart, J. C. Campbell, and I. H, Hillier, The
Calculated Defect Structure of ZnO, J. Phys. Paris 41 (Suppl. to No.
7), (1980), C6-64.

18. G. Muller, Cptical and Electrical Spectroscopy of Zinc Oxide Crystals
Simultaneously Doped with Copper and Donors, Phys. Status Solidi Blﬁ
(1976), 525.

19. R. Pappalardo, D. L. Wood, and R. C. Linares, Jr., Optical Absorption
Study of Co-Doped Oxide Systems: II, J. Chem. Phys. 35 (1961), 2041.

20. R. Pappalardo, D. L. Wood, and R. C. Linares, Jr., Optical Absorption
Spectra of Ni-Doped Oxide Systems: I, J. Chem. Phys. 35 (1961), 1460.

102




21.

22.

23.

24,

25,

26.

28,

29.

30.

3.

Zn0

-

R. Purlis, A. Jakimavicius, and A. Sirvaitis, Temperature Dependence of
Root-Mean-Square Dynamic Displacement and X-Ray Diffraction
Characterisvics of ZnS and ZnO, Izv. Vyssh. Ucheln. Zaved. Fiz. 2i
(1981), 115.

M. L. Reynolds and G.F.J. Garlick, The Infrared Emission of Nickel Ion
Impurity Centres in Various Solids, Infrared Phys. T (1967), 151.

T. M. Sabine and S. Hogg, The Wurtzite Z Parameter for Beryllium Oxide
and Zinec Oxide, Acta Crystallogr. B25 (1969), 2254,

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

H.-J. Schultz and M. Thiede, Optical Spectroscopy of 3d7 and 3d8
Impurity Configurations in a Wide-Gap Semiconductor (Zn0:Co, Ni, Cu),
Phys. Rev. B35 (1987), 18.

T. &niraishi, The Crystal Structure of Zinc Oxide-Chromium (IV) Oxide
System Catalysts- for Methancl Synthesis, Niihama Kogyo Kuto Semmon
Gakko Kiyo 17 (1981), u5.

A. E. Tsurkan, L. V. Buzhor, B. I. Kidyarov, ana P. G. Pas'kov,
Electrical Properties of Zinec Oxide Single Crystals Prepared by
Different Methods, Poluchenie I Issled. Nov. Materialov Poluprovodn.
Tekhn. (1980), 161.

V. P. Vlasov, G. I. Distler, V. M. Kanevskii, and G. D. Shnyrev,
Effects of Impurity Structures on Brittle Fracture in ZnS and Zn0
Crystals, Izv. Akad. Nauk SSSR Ser. Fiz. 44 (1980), 1302.

H. A. Weakliem, Optical Spectra of N12+,'002+, and Cu2+ in Tetrahedral
Sites in Crystals, J. Chem. Phys. 36 (1962), 2117.

R.W.G. Wyckoff, Crystal Structures, vol. 1, Interscience, New York
(1968), 111.

E. Ziegler, A, ‘Heinrich, H. Oppermann, and G. Stover, Electrical
Properties of Non-stoichiometry on ZnO Single Crystals, Phys. Status
Solidi A66 (1981), 635.




20.1.1

20.1.2

20.2

20.2.1

20.2.2

Crystallographic Data on ZnS

Cubic Tg (FB3m), 216, Z = 4

Ion Site Symmetry 2y z q a (&3P

Zn Ty 0 0 0 2 0.676
S I Ty /4 14 1/4 =2 4,893

8y-ray data: a = 5,4093 A (reference 32, p 110).
Reference 20.

]
Hexagonal C6v (P63mc), 186, Z = 2

Ion Site Symmetry 2 vy oz q a (A3)

Zn  2(b) C3y 173 2/3 0 2  0.676
s 2(b) C3y /3 2/3 z -2 4.893

3-ray data: a = 3.811 A, ¢ = 6.234 A (reference
32, p 112).

Crystal Fields

Céystal—field components, Ap. (cm“/An), for Zn (Id) site of cubic ZnS
Self- N

Anm ‘Monopole inguced Total

Agp 15,219 7349 7869

Ay 4,610 4035. -574.8

Alm 2,755 ~2U411 343.5

Crystal-field components, A, (em~1/aM), for Zn (C3v) site of hexagonal
ZnS - -

Anm -‘Monopole iggiged Dipole Total
A10, 20,496 0 9,537 30,033
A20 10,188 -3,463 26,174 32,899
A30 18,608 -10,166 1,716 16,158
A33 7,926 "3,75” "'u, 809 -636'8
Auo 3,800 -4,417 3,128 2,511
Au3 -3,877 2,887 952.3 ~37.21
A50 1,334 ~2,505 4,341 3,171
553 339.5 -518.3 874.1 695. 3
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20.3

| 20.4
)

5.

B30 (198Y4), 3430.

Localized Excitations in ZnS Doped with Pb

16 (1975), 2052,

ZnS

Experimental Values (cm“) of F(Z), F(u), r, and Buo for 3dN Ions

ion 38 pl@ B g Ref
vt 343 -- -- -~ -10,326 8
cr2t 3¢% 81,148 31,529 -- 10,924 6
Mn2* 3d2 44,280 43,981 -- -10,351 7
Mn2*t 3d2 56,454 32,925 -~ -11,603 22
Fe2* 34® 51,433 36,195 -- 7,486 24,10
co?* 3da7 149,516 35,438 583  -7,897 3
co2* 3d7 53,851 40,619 --  -7,509 15
Ni2* 3d8 46,449 32,211 w77 -9,321 31
Ni2t 3d® 50,119 29,445 -- -10,701 19

Byy = V5710 [By |, Dq = 21|Byg|
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2—1.“

K,PtClg

Crystallographic Data on K2Pt016

Cubic 0P (Fm3m) 225, Z = 4

Ion Site Symmetry X8 y A q o (a3)
Pt U(a) Op o o0 o k& 0.6
K 8(c) Ty 174 14 a4 1 0.827°
CL  2u(e) Cyy x 0 0 -1 2,69

sx-ray data: a = 9.755 A, x = 0,240 (reference 12).
Reference 5.
CReference 10.

Crystal-Field Components, A, (cm™'/A"), for Pt (0,) Site

Anm Monopole Self-induced Dipole Total

Ayo 6115.0 -5016.9 10,480 11,578

Ayy 3654. 4 -2998.2 6,262.7 6,919.0

Experimental Parameters )

ton ndv p(@  gH) r By,  Ref.

Rt uat 48,888 17,174 1044 39,732
Regi 5d3 28,749 22,907 2392 63,729
0s 5d° 45,381 16,330 2416 47,229
neﬁi 543 28,843 22,582 2360 63,477
Re 5d3 29,963 22,907 2392 63,729 1

B, R UL RN —gte]
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22,
22.1

22.2

22.2.1

22.2.2

Crystallographic Data on Y3Ga5012

Cubic O (Ia3d), 230, Z = 8

Ion Site Symmetry x@ y 2 q a (a3)P
Y 2ue) D, 0 1/4 1/8 3 0.870
Ga; 16(a)  C3; 0 0 0 3 0.458
Ga2 24(d) Su 0 1/4 3/8 3 0.458
0 96(h) C1 -0.0272 0.05580 0.1501 =2 1.349
3y-pay data: a = 12.28 (reference 5).

Reference 10.

Crystal-Field Components, A, (em™1/78M)

For Ga ion in 24(d) (Su) site
Anm Monopole Self-induced Dipole Total

Ao 7,529,074 ©  -2139.311  9280.060 14,669,823
ReA32 -19,875.040 5487.624 -9440,532 -23,827.948
ImA32 32,745,166 -8848.915 5910.520 29,806.7M1
Auo -19,871.204 8061.824 -6493,768 -18,303.148
ReAyy  -3,959.054 1499.466 1011.514  -1,418.074
Imy, — -6,410.529 2934.927 -2624.400  =6,100.002
ReA52 -2,135.999 1448,737 -2204.848 -2,892.110
ImA52 3,718.967 -2388.618 2509.017 3,839.366

| Ayyl 7,534.52 -- -- 6,269.525

For Ga; ion in 16(a) (C3i) site (rotated so
(111) crystallographic axis)

that z-axis is parallel to

Anm Moﬁopole Self-induced Dipble

Total
Ay 15,183.2  -1576.3  -14,849 -1,242.3
Ao -17,783.6 6625. 2 1,750.4  -9,403.4
Refly 3 1,294.6 -745.1 4,955.7 5,505.3
Imdy;  -18,677.5 6650.8 530.7  -11,496
layl 185722 -- -~ 12,746




) 22.3

22.4

10.

11.

Y4Gag0y

Experimental Parameters (em™ )

p2) ) g By Bys Ref.

53,994 40,735 --  -22,8208 -- 110
54,638 40,456 -~- -21,140% -~ 11¢

cubic approximation By, = v/¥0/7 |B

Fit to EO data of reference 11, 40

Crit to Ea data of reference 11.
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23.1 Crystallographic Data on La1.858ro_150u0u

I 23.1.1 Tetragonal, DL; (T4/mmm), 139, Z = 2; T = 300 K

Ion Site Symmetry x ¥y z q® @
La/Sr  U4(e) Cyy 0 0 z 2.775 2.925
Cu 2(a) Dy, 0 0 0 2.45 2.15
0, 4(e) Chyy © O z =2 -2

02 u(C) D2h 0 1/2 0 '2 _2

2The egfective ch rges on the Cu ions are chosen as
55% Cu<’ + 45% Cu , and the total charge in the
unit cell vanishes.

The charge on La is taken as 3 and the charge on
Sr is taken as 2, so that the average charge on the
La/Sr site is [3(1.85) + 2(0.15)1/2. The charge on
the Cu ion is then chosen so that the total charge
in a unit cell is zero.

23.1.2 Orthorhombic DS (Cmea), 64, Z = 43 T = 10 K and 60 K

Ion Site  Symmetry x y z q@ q°
La/Sr  8(f) Cgq 0 y z  2.775 2.925
Cu 4(a) Con 0 0 0 2450 2.15
0, 8(f) - Cg 0 y oz -2 -2
0 8(e) C 174 y /4 -2 -2
2 2 : :
2,b35ee notes to 23.1.1
23.2  X-Ray Data
23.2.1 Tetragonal, T = 300 K
a c A Z,  Ref
La 0, j

3.7793 13.226  0.36046  0.1824 1
3.77T49 13.2231  0.3606 0.1826 3

23.2.2 Orthorhombic, T = 10 K and 60 K

Temp a b c Yia 2L yo1 202 y02

10 K 5.3240 13,1832 5.3547 -0.36077T =-0.00496 ~-0.18260 0.0255 ~0.00573

60 K 5.3252 13.1844 5.3546 -0.36072 -0.00495 -0.18257 0.0256 -0.00560

Reference 1 (transformed to the standard in the International Tables).
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La,._,Sr,Cu0y

23.3  Crystal-Field Components, A,. (cm"14An)

23.3.1 For La (Cy,) site in tetragonal Laq ggSrg, 15Cu0y

A 300 K 300 K
nm - (pef 1) (ref 2)
fo 6369 1915
Ay 8888 9248
Agg  -H63Y -5675
AUO 1954 1451
Ayy — -1773 -1818
Agy 3188 ~3127
Agy 1691 1590
A60 364.2 358.4
Agy T45.9 720.3
Ao 136.4 -123.5
Aqy 76.61 77.69

23.3.2 For La (Cg) site of crthorhombic La; g Srg, 15Cu0y rotated so that z-
axis of Anm is parallel to b-axis and 2o 1s real and positive

A 60 K 10 K
Red,, 3904 3919
ImA,, 6897 6952
Ayg -454) -4534
App 5272 5284
ReAy;  ~2027 ~2023
ImAsg -30.36 -26.08
ReAss 2759 2760
ImAss -187.2 ~149.7
Ayo 2573 2567
ReAy,, 496.0 499.0
ImAy, ~184.5 -189.9
ReAy, 1444 1439
ImAy), -260.8 -215,5
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For La (Cs) site (cont'd)

13

Anm 60 K 10 K
ReAg; 2070 1992
ImAg, 366.8 359.0
ReA53 ll8.29 "10“.”
ImA53 466.5 407.40
ReASS 1657 1711
ImA55 1010 1084
Ao 4OH. 8 405. 6
ReAg,  -46.89 ~47.26
ImA62 81.61 82.61
ReAsu '688.5 ‘685.5
" R ImA6ll -305.5 ~314.3
) ReA66 -22. . U7 -22.21
; ImA66 “32.7”7 '32.38
ImA71 '2- 75 "2.87
i ReA;s , 38.85 39.08
) ReAqs 9.35 9.67
: ImAgs 20.60 20.67
ReA77 85.19 84.98

ImA77 % 1305” 15027

15




La,_,Sr,CuGy
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24.3

Crystallographic Data on A1293

Hexagonal ng (R3c) (second setting), 167, Z = 6

Ion Site Symmetry x y z q o (a3)
Al 12(c) Cy 0 © z 3 0.053
0 18(e) 02 X 0 1/4 -2 1.349
X-Ray Data

a ¢ Zpq xd Ref Set
4.7628 13.0032 0.352 0.306 37 1
Y, 7586 12,9897 0.3518 0.6918 51 2
4,75855 12.9906 0.35200 0.6936 51 3
4,75999 12.99481 0.35219 0.69367 51 h
4, 7640 13.0091 0.35221 ° 0.30636 12 5

Crystal-Field Components, A . (em™178M), for A1 (C3) Site

Set 1
A,  Monopole Self-induced  Dipole  Total
A0 6,472 -- 612 48. 41
Asg -4,896 778.2 1933 -2,185
Ayp 9,718 4215 620.4  -4,883
Re Ay -639.7  -1220 1126 -733.6
In A3 -10,955 3434 1253 -6,268
Ay ~-18,418 6479 -66.36 ~-12,005
Re Ays 4,371 -1322 629.3 3,678
Im Ay3 -23,006 9736 7.6 ~-12,853
Asy 8,476 ~4130 458.8 4,00k
Re Agy 1,581 ~1486. 9 * 107.8 1,201
ImAgy 1,766 ~592.6 798.9 1,973
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A1,05
Set 2
Ap, Monopole  Self-induced  Dipole Total
Mo 8,156 - - -6811 615
Ay ~5,U475 852.5 2003 -2,619
Re A33 -1,050 -1147 1211 -955. 1
In Agg 11,217 -3561 -1337 6,319
Ay -18,612 6555 -65.65 =-12,123
Re Ay3 4,167 -1252 706.9- 3,622
Im Ayg 23,259 -9890 -440.6° 12,928
sy 8,352 ~4057 487.9° 4,783
Re Ag3 1,564 -470.9 728.8 1,222
Im Asé -1,543 413.5 -861.5  ~1,991
Set 3
Anm Monopole Self-induced Dipole Total
Mg 6,840 - -6447 393.1
Re Asq -704.1 -121Y 1140 -778.5
Im Ag3 11,064 -3485 -1261 6,318
Ay ~18,498 6524 -64.96 =-12,039
Re Ays 4,355 -1319 639.6 3,676
Im Ay3 23,136 -9822 -1420.9 12,893
Im A53 -'1 ’733 561 08 "'80505 "'1 ,976




A1,05

Set 4
Aﬁm Monopole Self-induced Dipole Total
Ao 6,774 -- ~6442 331.9
A -5,000 795.2 1933 -2,272
A3 ~9,766 4253 627.7  -4,885
Re Agg -692.5 ~1214 1137 -769.6
Im A3z 11,039 -3473 -1259 6,307
Ayg -18,4T 6509 -65.14 -12,027
Re Ay; 4,355 -1318 637.4 3,675
Im Ays 23,096 -9795 -420.1 12,880
Asg 8,486 =411 460.0 4,805
Re Ag3 1,58+ ~486.5 110.1 1,205
Im Ag3  -1,737 566.4 -803.7 -1,974
Set 5
App Monopole  Self-induced  Dipole Total
Ao 6,778 -~ ~5821 957.6
Ay 5,003 813.0 1753 -2,437
Agg 10,007 4292 564.1 5,151
Re A33 =634.0 -1213 1033 ~813.9
Im Agg =11,173 3512 1140 -6,521
Ayy ~18,251 6420 -51.53 -11,882
Re A3 %,361 -1314 577.4 3,625
Im Ay =22,9T1 9724 387.6  -12,860
Ay 8,469 ~4134 408.8 b7k
Re Ag3 1,563 -481.0 98.52 1,180
Im Agg 1,709 -539.5 720.8 1,891

24.4  Experimental Parameters (em™!) for Transition-Metal Ions

ton nd¥ site F2 R4 B Byo Bys  Ref
v3* 302 a1 47,390 31,500 -- 155 234 -23,564 30,803 25
cr3* 343 A1 53,690 39,312 -- 170 ~1123  -22,350 31,538 26
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‘25,

Mg 1,0y

25.1 Crystallographic Data on MgA120u

Cubic O] (Fd3m), 227, 2 = 8

Ion Site Symmetry x® vy z q o (a3)P

Mg 8(a) Td 0 0 0 2 0.0809

AL 16(d)  Dyy  5/8 5/8 5/8 3 0.053

0 32(e) C3v X X X -2 1.349

8%-ray data: a = 8.080 A, x = 0.389 (reference 10).

Reference 6.

25.2  Crystal-Field Components, A, (em™1/8M)
25.2.1 For Al (D,4) site (rotated so that z-axis is parallel to (111)

erystallographic axis)

Ap, Point charge Self-induced Dipole  Total

By -2,283 ~2008 23,088 18,797

Ao -20,238 8618 -4,838  -16,458

343 23,688 -8781 2,390 17,297
25.2.2 For Mg (T4) site

Anm Point-chargé Self-induced Dipole Total

A32 30,202 -8210 -9151 12,840

Ayo -13,597 s54y7 5350 -2,800

Allll 8,126 -3255 -3197 1,673
25.3 Experimental Parameters (cm ') for Transition-Metal Ions

: 1

Ion nd' site F) p) 4 z . By Byo  Buy,> Ref.
cr3t 343 A1 56,700 40,320 -- 250 4608 -30,625 28,415 9
cr3? 3dg AL 56,700 140,320 ~--  -- 0 -25,550 30,538 9
FeZr  3d Mg - - == ~392 0 -9,387 -- T
co®t 3T Mg -- T -8,500 == 1

SFor Al site By, = By, and for Mg site By, = Byy (Byy = /5718 [B,|).
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26.  13%B33Ges0,, (Germanium Garnet)

26,1 Crystallographic Data on A382Ge3012

Cubic oLO (Ia3d), 230, Z = 8

Ion Site Symmetry x y z a (83)2

o]

a*2 zite) D, 0o 1/4 /8 2 ay
B'3 16(a) ¢ 0 0 0 ap
Ge  2u(d) 0 1/4 3/8 4 0.12
0 96(h) C X vy z -2 1.349

8Values for o are from reference 19, and for values
not given there the a are from reference 3. !

26,2 X-Ray Data on A3B20e3012 )

at2  p*3 a x y z  Ref. ap?
Ca Al 12.118 -0.03345 0.0488 0,14753 22 0.564 0.0530
Ca Ga 12.251 -~ - - 24 0.564 0.19
Ca Cr 12.262 - -- ket 24 0.564 0.29
Ca \' 12.324 - -- - 24 0.564 0.31
Ca Fe 12.325 - - - 24 0.564 0.24

Ca Se 12.519 -0.0352 0.0524 0.1552 22 0.564  0.540
Ca Lu 12,590 -0.03538 0.05607 0.15989- 22 0.564 0,77
Ca In 12,735 -0.0363 0.0543  0.15724 22 0.564 0,54
Sr Se 12,785 -0.03861 0.04909 0.15339 22 1.039 0.540
Cd Sc 12.458 -0.03437 0,05300 0.15564 13 0.840 0.5%0
Cd Al 12.08 -= - - 24 0.840 0.0530

Cd Cr 12.20 -- -- -- 24 0.840 0.29
Cd Fe 12.26 - - - 24 0.840 0.24%
Cd Ga 12,19 -- -- - 24 0.840 0.19
Mn Al 11.902 - - -- 24 0.460 0,0530

Mn Cr 12.027 - - - 24 0.460 0.29,
Mn Fe 12.087 -- - - 24 0.460 0.24"
Mn Ga 12.00 - -- - 24 0.460 0.19

3alues for a are from reference 19, and for values not given there
the o are from reference 3.
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26.3

26.3.1

26.3.2

26.3.3

Crystal-Field Components, A, (em™1/8M)

Rotated so that z-axis is parallel to (111) crystallographic axis

For Al ion in 16(a) (031) site in CagAl,Ge30;,

Anm Point charge Self-induced Dipole Total
oY) 11,161 -451.6 -35,565 -24,855
Ayg -20, 669 8255 9,602 -2,812
ReAu3 2,625 -1473 7,554 8,706
ImAu3 -22,662 9272 5,206 -8,184
| A3l 22,814 -~ - 11,949

For Sc ion in 16(a) (C3i) site in Ca3Sche3012

Anm Point charge Self-induced Dipole Total

Asg 9,208 -299.1 -28,304 -19,395
Ayo -13, 449 4192 5,733 -3,523
ReAu3 1,227 -651.0 4,588 5,164
|Au3| 14,593 ~-- - 8,953
For Lu ion in 16(a) (C34) site in CagluyGe30yp

Anm Point charge Self-induced Dipole Total

A20 10,201 -354.1 -26,892 -17,044
Auo -11,205 3133 4,153 -3,920
Redy3 52543 ~376.6 3,896 4,044
ImAu3 -11,743 37 1,211 -7,085
| Ays] 11,754 - - 8,158
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A3 B2 Ge3012

26.3.4 For In ion in 16(a) (031) site in CagInyGes0;,
Anm Point charge Self-induced Dipole Total
A0 8,212 ~237.9 -25,117  =17,143
Rehys 612.7 -398.0 3,909 4,123
Imhy;  -12,272 359l 1,839  -6,838
|Ay3] 12,287 - -- 7,985

26.3.5 For Sc ion in 16(a) (C3i) site in Sr3Sche3012
Anm Point charge Self-induced Dipole Total
Ay 2,156 79.17  -22,887 -20,343
Ao 12,168 3,703 6,298  -2,167
Rehy s 1,424 -667.5 4,090 4,847
ImAu3 -14,278 b, 41l 3,785 -6,079
| Ays] 14,349 -- ~= 7,775

26.3.6 For Sc ion in 16(a) (C3i) site in Cd3Sche3012
Anm Point charge Self-induced Dipole Total
Ay 10,782 -44k.2  -29,570  -19,232
ReAu3, 1,236 -664.4 4, 670 5,241
| Ays]| 14, 652 -- -~ 9,236

26.4 Experimental Values (cm'1) of Byg» F(z),*and F(u) for ndV Ions in
Ca3GaZGe3O12
Ion site ndV Byo F(2) F(H) et
cr*3 ¢y 3¢3  -21,200 66,121 31,102 14
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27.4

27.1

27.2

27.2.1

27.2.2

ZnGa,0,,

Crystallographic Data on ZnGa,0y

Cubic O] (Fd3m), 227, Z = 8

Ion Site Symmetry 2y z q a (aA3)P
zZn 8(a) Ty 0O 0 0 2 0.676
Ga  16(a)  Dygy  5/8 5/8 5/8 3 0.458
0 32(e) C3v X X X -2 1.349

ay-pay data: a = 8.330 A, x = 0.38675 (reference 5).
Reference 10.

Crystal-Field Components, A (cm~1/aM)

For 2. (T4) site

Anm Monopole Dipole Self-induced Total
Azp 26,942 -7790 -6727  -12,425
Auu 7,047 -2641 -2590 1 !81—7

For Ga (D d) site (rotated so that z-axis is parallel to (111)
crystallographic axis)

A Monopole Dipole Self-induced Total

nm
Ay 2,616 19,928 -1736 15,576
Ay 20,288 1,969 -6815 15, 412
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Crystallographic Data on CszceFG

Cubic OF (Fm3m), 225, Z = 4

L 28.  Cs,GeFg
; 28.1

Ion Site Symmetry x@ y Z q a (a3)
Ge  Ua) o, O o 0 4 o.120°
Cs  8(c) Ty /8 /4 4 12,4928
F 24(e) Cyy X 0 0 -1 0.731°
ax-ray data: a = 9.021 A, x = 0.20 (reference 16).

Ref'erence 3.
CRreference 14.

28.2 Crystal-Field Components, A (em™ /2%y

28.2.17For—Ge~(Qh) site

Anm

Mohdpoie 7,Se1f-ihduéed

Dipole  Total

Ayo
Ayy

21,689

-10,895

12,962

—6 ,,5171 . 5

25,645 36,439

28.2.2 For Cs (T4) site

15,326 21,776

Ao

Ménopoie Self—ihduced 7

7 Dipole 7To£ai

A
32

Ayo

Ayy.

1162.7

i 139.27

-181.65

43,06

-2378.4  -1076.14
-174, 48 -313.07

-25-7)4

1ou.27 187.10

28,3  Experimental Parameters (cm™')

Ion nd¥ 75(2) i) T Byg Ref
—Mnﬁj 3d§, 52,794 50,929 380 45,885 1
Mny - 343 58,U89 18,i60 363 - 45,780 17
Re,t 543 40,209 22,617 2053 73,143 &
Pt 5d° 35,133 28,400 3579 66,150 13
0s)7 5di 51,408 37,409 2800 51,k50 15
Ir,t 507 53,389 39,561 3500 51,450 15
re¥*  5q 22,554 3094

40,019

69,384 9
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C3,GeFg

28.4

28.5

5.

10.

Index of Refraction

n=1,3920 + 2.26\)2 x 10”1 (v in om'1) (reference 7)
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29.

29.1

29.2

29.3

RyTi,0; (R = Y)
Crystallographic Data on R2T1291

Cubic OZ (Fd3m), 227 (second setting), Z = 8

Ion Site Symmetry  x y z q a (83)2

R 16(c) D34 0 0 0 3  ap
T 16(d) D34 /2 1/2 1/2 4 0.22
0, 8(a) Ty /8 1/8 1/8 -2 1.349
0, 48(f) Coy 1/8 1/8 -2 1.349

X
X 8(b) Tq 3/8 3/8 3/8 -~ -

3peference 5.

X-Ray Data on RZT1297 (reference U4) and Polarizabilities, ap, of Rare

Earth Ions, r3* (MfN) (reference 3)

N R al(A) x ap (A3)
5 Sm 10,2303 0.4230 1.11
6 Eu 10.1988 - 1.06
7 Gd 10.1857 0.4263 1.01
8 Tb 10.1560 - 0.97
9 Dy 10.1245 -- 0.94

10 Ho 10.0979 - 0.90

11 Er  10.0759 0.4194 0.86

12 Tm 10.0533 - 0.83

13 Yb 10.0309 0.4201 0.80

14 Lu 10.0258 - 0.77

Crystal-Field Components, Anm

Crystal-field components were obtained for R = Sm, Gd, Er, and Yb. A
least-squares polynomial fit was, used to obtain the components for the
entire range of R. In 29.3.1 to 29.3.12, the crystal is rotated so
that the z-axis is parallel to the (111) crystallographic axis.
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29.3.1

- T T TR

29.3.2

29.3.3

L (em™1/82) for R site 16c (D3d)

R Monopole Self-induced Dipole Total

Sm  8047.5 -1157.9 396.60 8759.2

Eu 8118.3 -1168.8 392.06 6298.6

Gd 8180.3 -1175.9 387.70  4u4u6.7

b  8233.2 -1179.3 383.53  3203.4

Dy 8277.3 -1178.8 379.54 2568.9

Ho 8312.5 -1174.6 375.73 2543.1

Er  8338.7 -1166.6 372,10 3125.9

Tm  8356.0 -1154.8 368.66  4317.5

Yb  8364.4 -1139.2 365. 41 6117.8

Lu  8363.8 ~1119.8 362.33 85256.7

Ay (em™'/a%) for R site 16 (Dgy)

R Monopole - Self-induced Dipole Total

Sm 8,295.2 ~2797.7 22.651 8132.0

Eu 9,564.4 -2854.,0 27.268 8213.1

Gd 10,594 -2913.0 34,538 8296.4

T 11,384 -2974.6 Ly, 460 8382.0

Dy 11,934 ~-3038.7 57.034 8469.8

Ho 12,245 =3105.5 72.261 8559.8

Er 12,316 =3174.9 90.141 8652.1

™Tm 12,148 -3246.8 110.67 8746.6

Yb 11,740 -3321.4 133.86  8843.4

Lu 11,092 ~3398.6 159.09 8942.3

Ay3 (en'/8%) for R site 16c (Dyq)

R Monopole Self-induced Dipole Total
Sm  2378.8 -569.66 -1038.3  T770.73
Eu  2405.2 -580.49 -1055.5 769.11
Gd  2454.,3 -596.22 -1087.6  770.41
Tb 2526.1 -616.84 -1134.6  774.63
Dy  2620.5 -642,35 -1196.4  781.76
Ho- 2737.6 -672.75 -1273.1  791.80
Er 2877.4 -708.05 -1364.6 804,76
Tm  3039.9 -748.24 -1471.0  820.64
Yb  3225.0 -793.33 -1592.2  839.44
Lu 3&32.8 -843,31 -1728.3 861.15

RaT1207




RyT1,0;

29.3.4 Ago (cm"/ﬂ6) for R site 16¢ (D3d)

R Monopole Self-induced Dipole Total

Sm 1750.0 -840.62 -56.417  852.93
Eu 1781.8 -862.76 -59.013  860.01
Gd 1815.3 -885. 71 -63.115  866.49
Tb  1850.6 =909.45 -68.724  872.38
Dy 1887.5 ~934.00 -75.838  877.66
Ho 1926.2 -959.36 -84.457  882.35
Er 1966.6 -985. 51 -94,583  886.45
Tm 2008.7 -1012.5 -106.21 889.94
Yb  2052.5 -1040.2 -119.35 892.84
Lu 2098.0 -1068.8 -134.00 895.14

29.3.5 Mgz (cm™'/A®) for R site 16¢ (Dgq)

R Monopole Self-induced Dipoié Total

Sm  -698.03 198.07 182.45  -317.52
Eu ~-709.98 203.77 186.39  -319.83
Gd  -726.15 211.36 193.04  =321.76
Tb  -746.55 220,85 202.40  -323.31
Dy  =771.17 232.23 214.47  -324,48
Ho -800.02 245,51 229.25  -325.28
Er  -833.10 260.69 246.73  ~325.70
Tm  -870.40 277.76 266.93  -325.74
Yb  ~911.93 296.73 289.83  -325.40
Lu -957.69 317.59 315.44  -324,69

29.3.6 Agg (cm™'/8%) for R site 16¢ (Dgq)

‘R Monopole Self-induced Dipole Total

Sm 1014.0 -306.T1 -147.86 477.36
Eu 1031.3 ~314,60 -150.90 641.04
Gd 1052.3 -324.146 -155.96 735.96
To  1076.8 -336.29 -163.05 762.13
Dy 1105.0 -350.09 ~-i72.16 719.55
Ho 1136.8 -365.87 -183.31 608.21
Er 1172.3 -383.62 ~-196.48 428.11
Tm 1211.3 -403.35 -211.68 179.25
Yb 1254.0 =425,05 -228.91 ~138.35

Lu 130003 -uu8‘ 72 -21"80176’ “52”. 72
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29.3.7 Ayg (em™1/82) for Ti site 16d (D3d)

) R Monopole Self-induced Dipole Total
Sm -13,382 1444,.3 12,981 1043.4
Eu ~-13,282 1441.8 13,035 1195.7
) Gd  -13,476 1461.6 13,172 1158.1
T -13,965 1503.7 13,391 930.45
Dy ~-14,748 1568.2 13,692 512.83
r Ho -15,826 1655.0 14,076 -94,792
Er -17,199 1764.2 14,542 -892. 11
™m -18,866 1895.7 15,090 -1880.0
’ Yb -20,828 2049.5 15,720 -3057.6
Lu -23,084 2225.7 16,432 ~-liy25,2
) 29.3.8 Ay, (cm'1/Au) for Ti site 16d (D3d)
R Monopole Self-induced Dipole Total
[ Sm -15,449 5539.2 -4263.2 -14,173
Eu -15,682 5671.4 -4302.6 -14,313
i ‘Gd ~15,823 5761.3 -4388.2 -14,450
- T -15,872 5809.0 -4520.0 -14,584
by -15,830 5814.5 -4698.0 -14,714
Ho ~-15,696 5TTT.7 -4922.3  -14,8m
Er -15,47 5698.6 -5192.8 ~14,965
T™Tm -15,153 5577.4 -5509.5 -15,086
Yb  -14,74Y 5413.8 -5872.4 -15,203
Lu.  -14,244 5208.1 ~-6281.5 -15,317
29.3.9 Ay (om '/a%) for Ti site 16d (Dgq)
R Monopole Self-induced Dipole Total
) Sm 21,584 -8272.2 2158.6 15,464
Eu 21,851 -84145. 4 2185.6 15,596
Gd 22,079 ~8593.1 2245,2 15,743
f T 22,268 -8716.2 2337.2 15,906
- Dy 22,117 -8814.0 2u61.7 16,084
Ho 22,527 -8886.5 2618.7 16,279
Er 22,597 -8933.9 2808.2 16,489 .
Tm 22,628 ~-8956.1 3030.2 16,715
Yb 22,619 -8953.1 3284.7 16,956
Lu 22,571 -8925.0 3571.7 17,213

———
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29.3.10 Agy (em™1/4%) for Ti site 16d (Dgq)

R Monopole .Self-induced Dipole Total

Sm 3912.5 -2792. 4 29,807 1149.9
Eu 3968.2 -2853.9 32.760 1147.0
Gd  4026.5 -2914,2 47.133 1159.4
Tb  4087.6 -2973.5 72.926 1187.0
Dy  U4151.3 -3031.6 1190.14 1229.8
Ho  4217.7 -3088.5 158.77 1287.9
Er 4286.8 -3144,3 218.82 1361.2
Tm  4358.6 ~3199.0 290.30 1449,8
Yb  3433.0 -3252.5 373.19 1553.6
Lu 4510.,2 -3304.9 467.50 1672.6

29.3.11 Agg (em™'/8%) for T1 site 16d (D)

R Monopole Self-induced Dipole Total

Sm -150.68 -9.2581 1199.2 1039.2
Eu -132.98 -26.031 1213.1 1054, 1
Gd -143.99 ~-20.254 1231.8 1067.6
To ~-183.69 8.0703 1255.3 1079.7
Dy -~252.09 58.943 1283.6 1090. 4
Ho -349.20 132,36 1316.7 1099.9
Er  ~475.00 228.33 1354.6 1107.9
Tm -629.51 346,85 1397.3 1114,6
Yb 812,72 487.92 1444.8 1120.0
Lu -1024.6 651.53 14971 1124.0

29.3.12 Agg (cm™'/8%) for Ti site 16d (Dgqy)

R  Monopole Self-induced Dipole Total

Sm  2346.3 -1965.6 -70.846 609.77
Eu 2384.7 -1706.3 ~70.685 607.71
Gd 2425.9 ~1747.3 -69.591 609.02
Tb  2469.9 -1788.6 -67.564 613.71
Dy 2516.7 -1830.2 ~64.606 621.78
Ho 2566.2 -1874.2 -60.714 633.22
Er 2618.5 -1914.6 -55.890 648.03
™Tm 2673.6 -1957.2 -50.134 666,22
Yb  2731.5 -2000.2 ~U43,445 687.79
Lu 2792.2 -35.824 712.73

-2043.5
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29.3.13 Ay (cm—1/A3) for vacancy site, X, 8b (Td)

’ R Monopole Self-induced Dipole Total
Sm -36,8T71 ~538.M 606.15 -36,804
) Eu -37,235 ~549, 82 612.32 =37,174
Gd -37,617 ~560.68 625.71 -37,553
Tb  -38,017 ~571.30 646.31 -37,9u4
) Dy  -=38,435 -581.67 674.14  -38,344
Ho -38,87T1 -591.80 709.18 -38,756
Er -39,325 -601.69 751. 44 =39,177
’ Tm -39,798 -611.33 800.91 -39,610
Yv ~i40,288 -620.73 857.61 -40,053
Lu -40,796 -629.89 921.52 -40,506

29.3.14 Ayo (cm'1/A“) for vacancy site, X, 8b (Td)

[ R Monopole Self-induced Dipole Total
Sm 3";671 ‘6813.8 u’5u907 33»”01
Eu 35,195 =7002.9 3,407.7 33,797
Gd 35,598 =7125.0 2,704,2 34,162
To 35,877 -7180.0 2,439.2 34,496
Dy 36,035 ~7168.0 26,12.6 34,798
Ho 36,071 -7089.0 3,224,5 35,0069
Er 35,984 . -6943.0 4,274.9 35,308
Tm 35,775 -6729.9 5,763.8 35,517
Yo 35,444 -6449.9 7,691.1 35,694
Lu 34,991 -6102.8 10,057 35,839

29.3.15 Auu—(cm-1/ﬂu) for vacancy site, X, 8b (T4)

Lu 20,910 ~3647.0 4152.4 21,118

R Monopole Self-induced Dipole Total
Sm 20,719 -4071.9 3313.3 19,961
Eu 21,033 ~4185.0 3349.0 20,198
Gd 21,274 -4257.9 3399.0 20,415
T 21,441 -4290.8 3463.5 20,614
Dy 21,536 ~4283.7 3542.4 20,795
Ho 27,557 ~4236.4 3635.6 20,957
Er 21,505 -4149,2 3743.2 21,100
-Tm 21,380 -4021.9 3865.2 21,224.0
Yo 21,181 ~3854.5 4001.6 21,330

(R
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29.3.16 Ag (cm'1/A6) for vacancy site, X, 8b

29.3.17

29.3.18

(Ty)

R Monopole Self-induced Dipole Total

Sm  -494,90 -807.28 405.60 896.57
Eu -496.57 -834.96 y12.24 -919.25
Gd -508.14 -853.75 419,91 -941,93
Tb  -529.63 -863.66 428.60 -964.63
Dy -561.02 ~-864.68 438.31 -987.33
Ho -602.32 -856.83 499,05 -1010.0

Er -653.53 -840.09 460.81 -1032.8

Tm -T14.64 -814.48 473.59 -1055.5

Yb  -785.67 ~779.98 487.39 -1078.2

Lu =-866.60 ~736.60 502.22 -1101.0

[

Agy (cm'1/A6) for vacancy site, X, 8b (Td)

R Monopole Self-induced Dipole Total

Sm  925.92 1510.2 -758.83 1677.3

Eu  929.02 1562,0 =771.26  1719.7

Gd 950.66 1597.2 -785.60 1762.2

Tb 990,84 1615.8 -801.86 1804.7

Dy 1049.6 1617.7 -820,03 1847.2

Ho 1126.8 1603.0 -840.12 1889.6

Er 1222.6 1571.7 -862.11 1932.1

Tm 1336.9 1523.7 -886.03  1974.6

Yh 1469.8 1459.1 -911.85  2017.1

Lu 1621.2 1377.9 -939.56 2059.6

Ao (em™ /87y for vacancy site, X, 8b (Ty)

R  Monopole Self-induced Dipole Total

Sm  1034.2 57.289 -0.264 1091.2

Eu 1055.0 58.860 -0.263 1113.6

Gd  1076.4 60.479 -0.258 1136.5

Tb  1098.2 62,1148 -0.249  1160.0

Dy 1120.5 63.867 -0.237 1184.0

Ho 1143.2 65.635 -0.220 1208.6

Er 1166.5 67.452 ~0.199 1233.7

T™Tm 1190.3 69.319 -0.174 1259.4

Yb  1214.6 71-.236 -0.145 1285.6

Lu 1239.3 73.201 -0.112 1312.4
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29.3.19 Azg (cm'1/A7) for vacancy site, X, 8b (Td)

29.4

29.5

R Monopole Self-“induced Dipole Total

Sm 951.31 52.697 -0.243  1003.8
Eu 970.47 54.142 -0.242 1024.4
Gd 990.07 55.632 -0.238 1045.5
To 1010.1° 57.167 ~0.230 1067.1
Dy 1030.6 58.748 ~0.218 1089.2
Ho 1051.6 60.374 -0.202 1111.8
Er 1073.0 62.0U46 ~0.183  1134.9
Tm 1094.9 63.763 ~0.160 1158.5
Yb  1117.2 65.526 -0.133 1182.6
Lu 1139.9 67.334 ~0.102 1207.2

Experimental Parameters (em ') (reference 1)

N (2) n) a
nd Ion F F Buo

3d° v3I 63,903 41,378 -24,500
3dg Crg+ 65,450 42,840 -26,222
3l oWt - 33hes
2d®  co3* 58,100 34,902 -21,360
3d7  Co2* 66,220 43,344  -8,442

3a]  Ni3t -- -- -~
3¢®  Ni2* 84,420 61,110 -12,278
“Byz = YTO7T |Byo|
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30.

30.1

30.1.1

30.1.2

30.2

30.2.1

Y,Tiy0;

Crystallographic Data on Y2Ti207 for Two Choices of Ion Sites

Cubic OK (Fd3m), 227 (second setting), Z = 8 (see reference U)

Ion Site Symmetry  x® y z q a(&3)P

Y  16(c) Dy 0 0 0 3 0.870
Ti  16(d) D34 172 1/2 172 4 o.22°
0, 8(a) T 1/8  1/8 1/8 -2 1.349

0, M8(f)  C,,  O.4201 1/8 1/8 -2 1.349
X 8(b) Ty 3/8 3/8 3/8 0 0

dy-pay data: a = 10.095 A (reference 4).
Reference 6.
CRreference 3.

Cubic OZ (Ed3m), 227 (second setting), Z = 8 (see reference 2)

Ion Site Symmetry x2 y z q o @a3HP
Y  16(d)  Dyy  1/2 /2 1/2 3 0.870
TL  16(c) D34 0 0 o 4 o.22°
0,  8(b) T 3/8  3/8 3/8 -2 1.349

0y U8(f)  Ca, <-0.0788 1/8 1/8 -2 1.349
X© &) . Ty 1/8 1/8 1/8 0 0

ay-pay data: a = 10.0896 A (reference 2).
Reference 6.
CReference 3.

Crystal-Field Components, Anm

The crystal-field -components, A, . (cm-1/An), are calculated through n =
6 because of the possibility of rare-earth ions occupying these sites.

For Y ion in 16c (D,4) site of reference 4 (rotated so that z-axis is
parallel to (111) crhystallographic axis)

Apm Monopole Self-induced Dipole Total

Ay, 8,240.0  -1128.5 364.00 T475.8
Ann 11,645 -3144.5 109.33 8610.3
40

Ayz 3,006 -730.62  -1446.6  829.14

Agy  1,953.6 -972.14 -103.67  877.82

Rg3  -850.91 268,34 260.36 =-322.20

Agg  1,181.5 -389.33 -206.36 585.85
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30.2.2 For Ti ion in 16d (D d) site of reference 4 (rotated so that z-axis is
parallel to (111) crystallographic axis)

A,n, Monopole Self-induced Dipole Total

g =19,051 1887.4 14,909  -2,255.2
Ay 14,726 5340.5  -5,416.7 ~-1,4802
Ay3 22,131 -8635.8  2,984.9 16,480
Agp  4,282.0  -3071.0 292.87 1,463.5
Rg3  -651.50 363.80  1,355.4  1,067.7
Agg  2,602.1  -1878.9 -47.720  675.50

30.2.3 For vacancy site, X, 8b (Td) of reference 4

Anm 7 Monopole  Self-induced Dipole .Total

A3y =39,176 592,38 -790.43 38,978
Ayo 34,880 -6419.5 . 6321.3 34,782

Ay, -20,85 3836.4  -3777.7  -20,786

Ago  ~T08.11 -769.29  1458.09 -10,19.3
Agy  1,324.7 - 1439.2  -857.02  1,906.9
A72 -1,152.4 -66.33 0.164 -1,218.6
Ajg  1,060.1 61.01 -0.151  1,127.0

30.2.4 For Y ion in 16d (D d) site of reference 2 (rotated so that z-axis is
parallel to (111) crystallographic axis)

A Monopole Self-induced Dipole Total

nm

AUO 11,686 -3152.3 83.620 8616.9
Ay3  2,885.0 -704.81  -1367.9 812.26
A6o 1 ’951 09 _971" 0—79 "'92- 36 88”.777
A63 -830.75 258.58 246,83 -325.34
Rg3  1,167.4 -380.73  -196.75 589.93

30.2.5 For Ti ion 16¢ (D q) site of reference 2 (rotated so that z-axis:is
parallel to (111) crystallographic axis)

Anm ‘Monopole  Self-induced Dipole Total
Ao =17,718 1800.6 14,730 -1,187.9
Ayo -15,256 5588.2 -5,256.1 =-14,924,11
Au3 22,458 -8832.3 2,832.7 16,458
Ago 4,281.6 -3127.7 221.09 1,374.9
A63 -528.42 271.33 1,370.2 1,113.2

A66 26,070 -1 898.32 "57-96 650.70’
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Y2T1207

30.2.6 For vacancy site, xﬁ 8a (Td) of reference 2

Anm Monopole  Self-induced Dipole Total
A32 39,189 596. T4 =757, U4 39,028
Ayg 35,555 -6746.5 6306.3 35,114,626
Ayy -21,248 4031.8 -3768.8 -20,985
Ago -668.40 -812.34 462.050 -1,018.7
Agy 1,250.5 1519.7 -864.017 1,905.8
A72 -1,157.4 -66.723 0.208 -1,223.9
30.3 Experimental Parameters (em™!) (reference 1)
Ion nd" F(2 g4 Byo
vt 342 63,217 41,378 -23,590
cr3 3d3 59,444 38,909  -25,970
Mn3* 3d -- - -28,168
Co,?;+ 3d° 56,630 34,020 -23,730
Mat* 343 - - -31, 822
col* 3dg 65,835 43,092  -8,330
Ni2*  3d® 8u,420 61,110 -12,180
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1. V. A. Antorov and P. A. Arsenev, Spectroscopic Properties of Single
Crystals of Rare Earth Titanates, Phys. Status Solidi A35 (1976), K169.
2. W.-J. Becker, Elektronen-Spin-Resonanz und optische -Untersuchungen an
Cr-Dotierten Y-Ti-Pyrochlor-Einkristall Y Ti 07, Z. Naturforsch. 25a
(1970), 642. Also W.-J. Becker and G. Will Rontgen und
Neutronenbeugungsuntersuchungen an Y,Ti,0,, Z. Kristallogr.
Kristallgeom. Kristallphys. Kriztallchem. 131 (1970), 278.
3. S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic Data,
Elsevier, New York (1976).
y, 0. Knop, F. Brisse, L. Castelliz, and O. Sutarno, Determination of the

Crystal Structure of Erbium Titanate, Er Ti O , by X-ray and Neutron
Diffraction, Can. J. Chem. 43 (1965), 2812 leq, 0. Knop, F. Brisse,
and L. Castelliz, Pyrochlores: V.--Thermoanalytic, X-ray, Neutron,
Infrared, and Dielectric Studies of A2T120 Titanates, Can. J. Chem. 47
(1969), 971. Also see R.W.G. Wyckoff, Crystal Structures, vol. 3,
Interscience, New York (1968), 441,
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5. K. A, Kuvshinova, M. L. Meil'man, A. G. Smagin, R. Yu. Abdulsecribo, V.
A. Antonov, P, A. Ansen'ev, and L. B. Pasternak, Structure of Active

Centers in Manganese-~Doped Single Crystals of Yttrium Titanate Y2T1207,
Sov. Phys. Crystallogr. 28 (1983), 198.

6. P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525. ;
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5.

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

R.W.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York,
(1968), 339.
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31.

311

31.2

31.3

31.4

2.

K,ReClg

Crystallographic Data on K2Re016

Cubic 0P (Fm3m), 225, Z = 4

Ion Site Symmetry @y z q o (&)
Re  la Op o 0 0 4 o.70°
K 8¢ Ty /4 /4 14 1 0.827°
C1 2he Cyy x 0 0 -1 2.694°

3x-pay data: a = 9.861 &, x = 0.240 (reference 5).
Reference 3.
CReference 4,

Crystal-field Components, A, (cm-1/An), for Re (0,) Site

N

Apm Monopole  Self-induced —Dipole Total

Ay 5793.3  -4601.3 9735.1 10,927
Alm 3462.2 ~-2749.8 5817.9 6,530.2

Experimental Parameters (em™ 1)

Ion ndN 7 f}(Z) F(") C BMO 7Re§

Re'* 543 31,891 20,928 2328 90,564 2

Bibliography and References

P. B. Dorain, -Magnetic and Optical Properties of Transition Metal Ions
in Single Crystals, Aerospace Laboratories Report, ARL-73-0139 (Octobor
1973), NTIS AD 769870.

J. C. Eisenstein, Magnetic Properties and Optical Absorption Spectrum
of K;ReClg, J. Chem. Phys. 34 (1961), 1628. (This reference gives a
large number of constants used in Eisenstein's calculation. We have

taken his reported calculation and best fit it to obtain the parameters
in sect. 31.3 above.)

S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomie Data,
Elsevier, New York (1976).
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32. AZBFﬁ (A = K, Rb, Cs; B = Ge, Zr)
32.1 Crystallographic Data on AZBF6
Hexagonal ng (P3m1), 164, Z =1
Ion Site Symmetry X y z qQ a (a3)
A 2(d) C3V 1/3 2/3 2z 1 ap
F 6(i) CS X =< z -1 0.731
32.2 X-Ray Data
A B a ()2 ¢ (a) zp Xp zp dAr(A3)b apg a3)e
K Ge 5.62 4,65  0.70  0.148  0.220 0.827 12
Cs Zr 6.1 5.01 0.692 0.16 0.198 2.492 0.48
Rb Zr 6.16 4,82 0.691 0.167 0.206 1. 383 0.48
3Reference 7. B
Reference 6.
CReference 4.
32.3 Crystal-Field Components, A . (em™1/78M)
32.3.1 For Ge (D3d) site of K,GeFg
Apn Monopole Self-induced Dipole Total
A20 3’ 371 .0 -52.7 -2 ’ o4o0. 3 1,’ 277~9
AUO -15,618 8,667.1 -18,481 -25, U432
AU3 19,236 -10,270 ' 23,136 32,103
32.3.2 For Ge site (D3d) site of Rb,GeFg
Ay, Monopole Self-induced  Dipole Total
AZO 2,187.” 8908 -2,27908 -2¢61:0’
AMO -15,138 8310.5 -17,768 ~-24,595
AH3 18,831 -9956.6 22,422 31,296
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32.3.3

32.3.4

7.

For Zr (D3d) site of Cs,ZrFg

Anm Monopole Self-induced Dipole N Total
Ayy 10,846 1089.7  -h01h.2  ~13,7T1
Ayo -5,354,3 1942,2 -1819.3 -8,231.4
—Au3 9,810 -3407.0 8328.6 14,732
For Zr (D3d) site of RbyZrFg

Anm Monopole Self-induced Dipole Total
Ao ~11,003 1047.3 -3653.0  ~13,608
Ayo -5,288.4 1888.9 ~§7U47,9 -8,147.4

-Bibligraphy and References

A. M. Black and C. D- Flint, Splitting of the r8 (MAZ) Ground- State in
Cs,ReFg, J. Mol. Phys. 70 (1978), 481, J

G. R. Clark and D. R. Russell, Potassium Hexafluororhenate (IV), Acta
Crystallogr. B34 (1978), 894,

R. L. Davidovich and T. A. Kaidalova, Ammonium Hexafluorostannate and
Hexafluoroplumbate, Russ. J. Inorg. Chem. 16 (1971), 1354,

S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic Data,
Elsevier, New York (1.976).

F. Hanic, The Crystal Chemistry of Complex Fluorides of General Formula

,AQMFg, The Refinement of the Structure (NHy),SiFg, Chem. Zvesti 20
)s

(196 738.

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizahilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

|
R.MN.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York

(1968), 349,
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Rb,SnClg

9.

10.

11.

12.

C. D. Flint and A. G. Paulusz, Infrared Luminescence Spectra of
Hexabromoiridate (IV) and Hexabroiridate (IV) in Cubie Crystals, Inorg.
Chem. 20 (1981), 1768.

C. D. Flint and A. G. Paulusz, Infrared Luminescence of the ReBrg Ion,
Chem. Phys. Lett. 62 (1979), 259.

S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic Data,
Elsevier, New York (1976).

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and
Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.

H.-H. Schmidtke and D. Strand, The Emission Spectrum of OsClz' Doped in
Various Cubic Host Lattices, Inorg. Chim. Aétaigg (1982), 153.

T. Schonherr, R. Wernicke, anth.-H. Schmidtke, Spectrochim. Acta 384
(1982), 679.

V. Waschk and J. Pelzl, Raman Bands and Phase Transitions in
(AxK1_x)SnC16 Solid Solutions (A = Rb, NH,), Raman Spectrosc. Proc.
Int. Conf. 8th, Ed. J. Lascombe et al (1982), Uut3.

R.W.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York,
(1968), 339.
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) 32.1 Crystallographie Data on Rb,SnClg

Cubic Of (Fm3m), 225, Z = 4

Ion Site Symmetry 2y oz q a (a3)
Sn U4(a) Op, 0 0 0 4 0.37°
Rb  8(c) Ty /4 /% a4 11,3838
CL  2u(e) Cyy x 0 0 -1 2,694

8%-ray data: a = 10.118 A, x = 0.240 (reference 12).
Reference 7.
CReference 8.

33.2 Crystal-Field Components, A, (cm-1/An), for Sn (0y,) Site

A, Monopole Self-induced Dipole Total

Ayg  5094.0 -3739.2 8166.3  9521.1
Ky, 30443 ~2231.6 4880.3  5689.9

33.3 Experimental Parameters (cm ')

Ton ndv - F(2 g By, Ref

o't d% 28,549 17,365 2606 40,198 9

33.4 B:ibliography and References

1. A. plack_anﬁ C. D. Flint, Luminescence Spectra and Relaxation Proczsses
of ReCI% in Cubic Crystals, J. Chem. Soc. Faraday Trans. 2 73 (1977),
877.

2, A. Black and C. D. Flint, Jahn-Teller Effect in the rg(szg,tgg) State
of ReBrg y J. Chem. Soc. Faraday Trans. 2 71 (1975), 1871.

3; P. B. Dorain, Magnetic and Optical Properties of Transition Metal Ions

in- Single Crystals, Aerospace Laboratories Report, ARL-73-0139 (October
1973), NTIS AD 769870.

y, C. D. Flint and A. G. Paulusg1 High Resglution Infrared and Visible
Luminescence Spectra of Re016 and ReBr6 in Cubic Crystals, Mol. Phys.
43 (1981), 321,
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Cs,TeClg

7. H,-H. Schmidtke and D. Strand, The Emission Spectrum of OsClg" Doped in
Various Cubic Host Lattices, Inorg. Chim. Acta 62 (1982), 153.

8. R.W.G. Wyckoff, Crystal Structures, vol. 3, Interscience, New York
(1968), 339.




34.2

34.3

Cs,TeClg

124

Crystallographic Data on CszTe016

Cubic 0P (Fm3m), 225, Z = 4

Ion Site ° Symmetry 2 y z qa o [83)
Te  4(a) Op o o o i 1.2
Cs  8(e) Ty 8 /4 /4 12,4928
CL  2U(e) Cyy X 0 0 -1 2.694°

3x-ray data: a = 10,447 &, x = 0.240.
Reference 5.
CReference 6, reference 8.

Crystal-Field Components, A (Qm—1/An) for Te (0y,) Site

A Monopole Self-induced Dipole Total

nm
Ayo  4340.9 -2885.2 6549.2  8004.9

Ay,  2594.2 -1724.2 3913.9  4783.9

Bibliography and References

P. B. Dorain, Magnetic and Optical Properties of Transition Metal Ions
in Single Crystals, Aerospace Labcratories Report, ARL-73-0139 (October
1973), NTIS'AD 769870.

C. D. Flint, Luminescence Spectra and Relaxation Processes of ReClg- in
Cubic Crystals, J. Chem. Soc. Faraday Trans. 2 T4 (1978), 767.

C. D. F}int and P. Lang, Infrared and Visible Luminescence

of Texg Cubic Crystals, J. Lumin. 24/25 (1981), 301.

C. D. Flint.and A. G. Paulusgl High,ResS}ution Infrared and Visible
Luminescence Spectra of ReCl6 and’ReBrﬁ in Cubic Crystals.,, Mol. Phys.
ﬂg (1981), 321.

S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic Data,
Elsevier, New York (1976).

P. C. Schmidt, A. Weiss, and T. P. Das, Effect of Crystal Fields and

Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.
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35.1 Crystallographic Data on K,ReFg

Hexagonal D%d (P3mt), 164, Z = 1

Ion Site Symmetry x@ y z qQ o a3)
Re  1(a)  Day 0 0 0 4 0.70°
K 2(d) C3y 1/3  2/3  0.3007 1 0.827°
F 6(i) c3 0.1617 =-0.167 0.2276 -1 0.731¢

ax-pay data: a = 5.879 A, ¢ = 4.611 A (reference 2).
Reference 3.
Creference 4.

35.2 Crystal-Field Components, A, (cm_1/An), for Re (D3d) Site

Anm Monopole Self-induced Dipole Total
Ayy  -4,231 592.3 -2741  -6380
Ayo 8,445 3421 -7791 -12815
Au3 -12,038 4732 -11291 -18597

35.3 Experimental Parameters (cm-1)

ton ndV @2 g, Byg By  By3 Ref

Rt 543 41,076 25,409 2612 -7136 -33,993 144,925 1

35.4 References

1. M. Bettinelli, L. Di Sipio, G. Ingletto, A. Montenero, and C. D. Flint,
Polarized Electronic Absorption Spectra of the Trigonal Crystal K2ReF6,
Mol. Phys. 56 (1985), 1033.

2. G. R. Clark and D. R. Russell, Potassium Hexafluororhenate (IV), Acta
Crystallogr. B34 (1978), 894,

3. S. Fraga, K.M.S. Saxena, and J. Karwowski, Handbook of Atomic¢ Data,
Elsevier, New York (1976).

y, P. C. Schmidt, A. Weiss, and T. P, Das, Effect of Crystal Fields and

Self-Consistency on Dipole and Quadrupole Polarizabilities of Closed-
Shell Ions, Phys. Rev. B19 (1979), 5525.
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36.
36.1

36.2

36.3

CSZZr016

Crystallographic Data on CSZZPCIG

Cubic 0P (Fm3m), 225, Z = 4

Ion Site Symmetry x2 y A q a (83)
Zr  M(a) Op o o o 4 o.u8
Cs  8(c) Ty 74 1/4 1/ 1 2,492°
c1  2U(e) Cyy X o o -1 2.6

ay-ray data: a = 10.407 A, x = 0.235 (reference 13).
PReference 6.
CReference 11.

Crystal-Field Components, A, (em '/A), for Zr (0p) Site

Anm Monopole Self—induced' Dibole Total
Ayo  4883.9 ~3524.3 7742.1  9101.6

Ayy — 2918.7 ~2106.2 4626.8  5439.3

Experimental Parameters (cm™ )

Ion nd" F2 FW ¢ By, Rer.

Ru3+ ya® 48,888 17,173 1044 39,732 9
Reu+ sdﬁ 28,749 22,906 2392 63,729 5
os't 54" 145,381 16,329 2416 47,229 U
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