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A certain simple relationship has been found between the total crystal field splitting AE of the Nd” ion 
manifolds and the ratio of the charge to radius of ions A and B in the MO, (n = 2-4)-type compounds. 
An empirical formula has been proposed to calculate the total crystal field splitting AE of the Nd’+ ion 
manifolds in the ABO, (n = 2-4)-type compounds. The results calculated by using the formula for the 
total crystal field splitting AE of the 41 9R, 4111n, 4113n, and Pun manifolds of the Nd3+ ion in 22 different 
MO,-type compounds are in agreement with the experimental data. The deviation between the 
calculated AEand the experimental result is less than 10% in three-quarters of the examples. AI1 of the 
unknown total crystal field splitting LIE of the Nd’+ ion manifolds in these ABO,-type compounds have 
been evaluated by means of the formula. o ~88 Academic press, IX. 

Introduction 

The relationship between the physical 
and chemical properties of materials and 
their composition and structure has been a 
significant subject for both experimental 
and theoretical investigations. When a rela- 
tionship can be found, it is helpful in the 
search for new materials with given physi- 
cal and chemical properties and in the pre- 
diction of the properties a new material 
may possess. Unfortunately, the relation- 
ship between the physical and chemical 
properties and the composition and struc- 
ture of the materials is often so complicated 
that it is difficult to establish a quantitative 
relationship between them. Therefore, as a 
first stage, it may be useful to establish 
some simple empirical relationships be- 
tween the physical or chemical properties 

and some parameters of the components of 
the material. 

Neodymium is a typical rare-earth ele- 
ment in both rare-earth physics and rare- 
earth chemistry. In addition, the trivalent 
positive neodymium ion is the most widely 
used laser crystal activator, and spectro- 
scopic data about the total crystal field 
splitting AE of the Nd3’ ion manifolds in 
tens of different host crystals have been 
published in detail. So, we have enough 
experimental data to check and to establish 
whether there exists a certain functional 
relationship between some spectroscopic 
properties of the Nd3+ ion and some chemi- 
cal and physical parameters of the host 
crystals. 
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In this paper, we demonstrate such a 
relationship for the spectroscopic proper- 
ties of the neodymium ion in some MO,- 
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type compounds. Here, only the spectro- 
scopic properties of the Nd3+ ion measured 
at low temperature (77 IS) are used. In this 
case, the effect of the electron-phonon 
interaction on the total crystal field splitting 
is small, and can be ignored. We know that 
the potential at the cation site occupied by 
the dopant ion depends on the charge distri- 
bution in the crystal, whereas the charge 
distribution in the crystal mainly depends 
on the chemical bonding between the atoms 
in the crystal. Therefore, we can expect a 
certain relationship to exist between the 
total crystal field splitting AE of the dopant 
ion manifolds and the chemical bond pa- 
rameters of the atoms composing the crys- 
tal. Thus, we have investigated the total 
crystal field splitting, AE, of the Nd3+ ion 
manifolds (4Zy,z, 4Z11,2, 4Z13,2, and 4Z1& in 
some simple ABO, (n = 2-4)-type com- 
pounds, and found that there does exist a 
certain relationship between the total crys- 
tal field splitting AE and the ratio of the 
charge to radius of ions A and B. 

Results and Discussion 

It has been found that the total crystal 
field splitting AE of the Nd3+ ion manifolds 
(4z!3,2 7 4z1 */2, 4Z13,2, and 4Z1~,z> in the simple 
ABO, (n = 2-4)-type compounds can be 
evaluated by the following formula 

AE = a - b(B/A) 

where B, A: the ratio of the charge to radius 
of ion A and ion B, respectively, and a, b, 
and c = constants. 

For the 4Zg,z, a = 818 cm-‘, b = 71.6 
cm-‘, and c = 1.0; for the 4Z11,2, a = 838 
cm-‘, b = 340 cm-‘, and c = l/3; for the 
4Z13,2, a = 1021 cm-‘, b=433cm-*,andc= 
l/3; for the 4Z15,z, a = 2013 cm-‘, b = 841 
cm-‘, and c = l/3, respectively. 

In the above described formula, A = 
ZJR,, B = ZblRb; Z, and zb are the ionic 
valence of ion A and ion B; R, and Rb are 
the crystal radius of ion A and ion B, 

respectively. The crystal radii used in the 
calculations are from Ref. (I). 

All the total crystal field splitting AE of 
the Nd3+ ion manifolds (4Zg~2, 4Z1~~, 4Z13,2, and 
4Z,5~2) in 22 different ABO, (n = 2-4) com- 
pounds have been evaluated by means of 
the formula mentioned above. The calcu- 
lated results are listed in Tables I, II, III, 
and IV, respectively. 

For comparison, corresponding experi- 
mental data of the total crystal field splitting 
AE of the Nd3+ ion manifolds in these 
compounds are listed in the tables. For lack 
of some experimental data, we cite some 
experimental results that are not the com- 
plete splitting AE of the “ZJ manifolds and 
need further clarification to check whether 
the calculated total crystal field splitting AE 
is reasonable. Those experimental data in 
the tables marked by the superscript a are 
not equal to, but less than the total crystal 
field splitting AE. 

As the results in Tables I, II, III, and IV 
show, although the total crystal field split- 
ting AE of the Nd3+ ion manifolds (4Zg,2, 
4z1 1/29 4Z13,z, and 4Z& measured in experi- 
ments are over a rather wide energy region 
(about 300-1000 cm-‘), the calculated total 
crystal field splitting AE is very close to the 
experimental data for most of the ABO,- 
type compounds. The deviation is less than 
10% in about three-quarters of the exam- 
ples. It is very interesting that the calcu- 
lated total crystal field splitting AE is larger 
than or close to the corresponding data 
marked with superscript a. As mentioned 
above, the latter should be less than the 
total crystal field splitting AE. So, it shows 
that the calculated total crystal field split- 
ting may be reasonable. 

Morozov et al. (4) have found that the 
total crystal field splitting AE of the Nd3+ 
ion manifolds in some scheelite-type com- 
pounds, for example, in the molybdates and 
the tungstates of calcium, strontium, and 
barium, monotonously varied with the crys- 
tal lattice parameters. We consider that, 
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TABLE I 

THETOTAL CRYSTAL FIELD SPLITTING AE OF THEV~~MANIFOLD OF THE Nd3+ 
ION IN THE ABO, (n = 2-4)-TYPE COMPOUNDS 

AE (Cal) AE (exp) 
Compound A B BIA (cm-‘) (cm-‘) 6 (%) Ref. 

LiYOz 1.37 2.885 2.106 667.2 639 4.4 (2) 
LiNb03 1.37 6.41 4.679 483 486 -0.6 (3) 
CaMoO., 1.754 9.375 5.345 435.3 456 -4.5 (4 
CaW04 1.754 9.231 5.263 441.2 472 -6.5 (4 

SrMoO4 1.515 9.375 6.188 374.9 377 -0.1 SrW04 1.515 9.231 6.093 381.7 395 -3.4 iz 
YA103 2.885 5.66 1.962 677.5 671 1.0 W 
YSCO’ 2.885 3.39 1.175 733.9 709 3.5 
YVO, 2.885 7.353 2.549 635.5 433 46.8 ii 
YNbOd 2.885 6.41 2.222 658.9 636 3.6 (9) 
YTa04 2.885 6.41 2.222 658.9 650 1.4 (9) 
CdMo04 1.835 9.375 5.109 452.2 499 -9.4 (4) 
BaMoO, 1.342 9.375 6.986 317.8 310 2.5 (4) 
BaW04 1.342 9.231 6.879 325.5 313 4.0 (4 
La.4103 2.56 5.66 2.211 659.7 671 -1.7 (10) 
LaNb04 2.56 6.41 2.504 638.7 506 26.2 (9) 
LaTa04 2.56 6.41 2.504 638.7 688 -7.2 (9) 
GdAIO, 2.783 5.66 2.034 672.4 666 1.0 (II) 
LuA103 2.997 5.66 1.889 682.7 662 3.1 (12) 
Lusco3 2.997 3.39 1.131 737 740 -0.4 (13) 
PbMoOd 1.504 9.375 6.233 371.7 363 2.4 (4) 
PbWO4 I .504 9.231 6.138 378.5 385 -1.7 (4) 

b The experimental data (6) are the experimental values at 300 K. 

perhaps, the relationship may be suitable 
only to compounds that possess the same 
crystal structure. Here, we point out that 
the ABO,-type compounds mentioned 
above possess not only very different 
chemical composition, but also very differ- 
ent crystal structure. For example, atom A 
includes 10 elements (Li, Ca, Sr, Ba, Cd, 
Pb, Y, La, Gd, and Lu); atom B includes 8 
elements (Al, Y, V, Nb, Ta, W, MO, and 
SC). Some of these elements are very differ- 
ent from each other both in physical and in 
chemical properties. In addition, the crystal 
space groups of the compounds are very 
different. For example, the molybdates and 
the tungstates of calcium, strontium, and 
barium possess a scheelite-type structure 
and belong to the tetragonal crystal, but the 
orthoaluminates of yttrium, gadolinium, 

and lutetium possess a perovskite-type 
structure and belong to the monoclinic sys- 
tem. The cation site symmetries in these 
compounds are very different, also. That 
the calculated total crystal field splittings, 
AE, of the Nd3+ ion manifolds in such 
different host crystals are very close to the 
experimental data indicates that the ap- 
proximate formula mentioned above has a 
rather wide application and is valid for the 
ABO, series compounds with different 
composition and crystal structure. In this 
way, we can predict the unknown total 
crystal field splitting AE of the Nd3+ ion 
manifolds in the other ABO,-type com- 
pounds. Perhaps it will also be very helpful 
to determine the positions of some Stark 
levels. For example, according to the theo- 
retical calculation, there should exist six 
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TABLE II 

THE TOTAL CRYSTAL FIELD SPLITTING LIE OF THE 41,1n MANIFOLD OF THE Nd’+ 
ION IN THE ABO, (n = ~-+-TYPE COMPOUNDS 

AE (Cal) AE (exp) 
Compound A 3 BIA (cm-‘) (cm-‘) 6 (%) Ref. 

LiY02 1.37 2.885 2.106 402.2 467 - 13.9 1.3 
LiNb03 1.37 6.41 4.679 269.3 276 -2.4 (3) 
CaMoO, 1.754 9.375 5.345 243.5 245 -0.6 (4) 
CaW04 1.754 9.231 5.263 246.6 250” (4) 
SrMoO4 1.515 9.375 6.188 213.8 184O (4) 
srwo4 1.515 9.23 1 6.094 217 210” (4) 
YAIO, 2.885 5.66 1.962 412.4 355 16.2 @lb 
YScO3 2.885 3.39 1.175 479.2 540 -11.3 (7) 
YVO4 2.885 7.353 2.549 373.6 216 73.0 (8) 
YNbO4 2.885 6.41 2.222 394.3 345 14.3 (9) 
YTaO, 2.885 6.41 2.222 394.3 357 10.4 (9) 
CdMo04 I .835 9.375 5.109 254.2 263” (4) 
BaMoO., 1.342 9.375 6.986 188 178 5.6 (4) 
BaW04 1.342 9.231 6.879 191.4 171” (4) 
LaA103 2.56 5.66 2.211 395.1 255” (10) 
LaNb04 2.56 6.41 2.504 376.3 282 33.4 (9) 
LaTa04 2.56 6.41 2.504 376.3 449 - 16.2 (9) 
GdA103 2.783 5.66 2.034 407.2 347 17.3 (11) 
LuAlO, 2.997 5.66 1.889 417.7 358 16.7 (12) 
LuScO3 2.997 3.39 1.131 483.8 550 -12.0 (13) 
PbMo04 1.504 9.375 6.233 212.3 199 6.7 (4) 
PbW04 1.504 9.231 6.138 215.5 206” (4) 

b The experimental data (6) are the experimental values at 300 K. 
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Stark levels for the 4Zi1,2 manifold. 
However, only tive of these Stark levels of 
the 4Z11,2 manifold in the CaW04 cyrstal 
have been established experimentally. It 
cannot be determined whether the Stark 
level that possesses the highest energy in all 
five Stark levels is the highest Stark level 
for the 4Zii~2 manifold. From the results in 
Table II, it can be found that the energy gap 
between the observed highest Stark level 
and the observed lowest Stark level is 250 
cm-‘, and that this energy gap is very close 
to the calculated total crystal field splitting 
U (246.6 cm-‘) of the 4Z11,2 manifold. Thus, 
it is very possible that the observed highest 
Stark level (2226 cm-‘) (4), indeed, is the 
highest Stark level for the 4Z1,~ manifold in 
the CaW04 crystal. Therefore, we can also 
be sure that the energy of the Stark level, 

which has not been observed, must be 
lower than 2226 cm-‘. Similarly, we can 
determine either that the highest level in the 
observed five Stark levels of the 4Z11~2 mani- 
fold of the Nd3+ ion in the SrMo04 crystal is 
the true highest Stark level and the lowest 
Stark level in the observed five Stark levels 
is not the true lowest Stark level, or that the 
observed highest Stark level is not the true 
highest Stark level and the observed lowest 
Stark level is the true lowest Stark level of 
the 4Z11,z manifold, because the observed 
splitting AE (184 cm-‘) is not the true total 
crystal field splitting AZL Thus, we can 
predict that the unknown Stark level of the 
4Z11~z manifold should be either higher than 
the observed highest Stark level, or lower 
than the observed lowest Stark level. 

Auzel (5) has obtained a new parameter 
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TABLE III 

THETOTALCRYSTALFIELD SPLITTINGAEOFTHE'I,,~MANIFOLDOFTHE Ndy’ 
ION IN THEABO,(~ =32-4)-TYPE COMPOUNDS 

AE (Cal) bE (exp) 
Compound A B B/A (cm-‘) (cm-‘) 6 @A Ref. 

LiY02 1.37 2.885 2.106 466 263" 1-3 
LiNbO, 1.37 6.41 4.679 296.8 293 1.3 (3) 
CaMo04 1.754 9.375 5.345 263.9 268 -1.5 (4 
CaWO, 1.754 9.231 5.263 267.8 276 -3.0 (4 
SrMo04 1.515 9.375 6.188 226.1 235 -3.8 (4) 
SrW04 1.515 9.231 6.093 230.1 245 -6.1 (4 
YAlO, 2.885 5.64 1.962 478.9 495 -3.3 Wb 
YSCO, 2.885 3.39 1.175 564.1 563 0.2 (7) 
YVO’ 2.885 7.353 2.549 429.5 260 65.2 (8s) 
YNb04 2.885 6.41 2.222 456 387 17.8 (9) 
YTaO, 2.885 6.41 2.222 456 409 11.5 (9) 
CdMoOd 1.835 9.375 5.109 275.2 281 -2.1 (4) 
BaMo04 1.342 9.375 6.986 193.3 215 -10.1 (4) 
BaW04 1.342 9.231 6.879 197.5 219 9.8 (4) 
LaAiO, 2.56 5.66 2.211 456.9 m 
LaNb04 2.56 6.41 2.504 433 322 34.5 (9) 
LaTa04 2.56 6.41 2.504 433 so7 -14.6 (9) 
GdA103 2.783 5.66 2.034 472.4 492 -4.0 (11) 
LuAIOj 2.997 5.66 1.889 485.7 486 -0.1 (12) 
LUSCOS 2.997 3.39 1.131 569.9 584 -2.4 (13) 
PbMo04 1.504 9.375 6.233 224.1 221 1.4 (4) 
PbWO, 1.504 9.231 6.138 228.2 234 -2.5 (4) 

b The experimental data (6) are the experimental values at 300 K. 

NV from the crystal field parameters B& and created by the oxygen anion, should be 
found that there is a linear relationship same. However, if atoms A and B are 
between the parameter NV and the largest different, the center of the charge distribu- 
splitting of the 4Z9,2, 4Z15,2, and 4F~,2 mani- tion in the A-O-B link should be either 
folds of the Nd3+ ion in some host crystals. between atom A and the oxygen atom, or 
It is known that the crystal field parameters between atom B and the oxygen atom. 
mainly depend on the arrangement of atoms Therefore, we consider that the potential at 
and charge distribution in crystal. In the atom A is relative not only to the chemical 
ABO,-type compounds, the oxygen atom bonding of atom A with the oxygen atom, 
bonds both with atom A and with atom B. but also to the chemical bonding of atom B 
Because the electronegativity of the oxygen with the oyxgen atom. The total crystal 
atom is larger than that of atoms A or B, the field splitting AE of the activator ion mani- 
oxygen atom will possess more negative folds in the host crystal mainly depends on 
charge, and atoms A and B will possess the potential at the position of the atom 
more positive charge. If atom A and atom B replaced by the dopant ion; perhaps, this is 
are the same, it can be expected that the why there exists a certain relationship be- 
center of the charge distribution in the tween the total crystal field splitting AE of 
A-O-B link should be at the oxygen atom, the activator ion manifolds and the ratio of 
and that the potentials at atoms A and B, the charge to radius of atoms A and B. 
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TABLE IV 

THETOTALCRYSTAL FIELD SPLITTINGAEOFTHEV,~~MANIFOLDOFTHE Nd3+ 
ION IN THE ABO, (n =32-4)-TYPE COMPOUNDS 

AE (Cal) AE (exp) 
Compound A B BIA (cm-‘) (cm-‘) 6 (W Ref. 

LiYOz 1.37 2.885 2.106 935 Q) 
LiNb03 1.37 6.41 4.679 606.4 672 -9.8 (3) 
CaMoO, 1.754 9.375 5.345 542.6 5040 (4) 
CaWO, 1.754 9.231 5.263 550.1 529” (4) 
SrMo04 1.515 9.375 6.188 469 (4) 
SrW04 1.515 9.231 6.093 476.9 375” (4 
YAlO, 2.885 5.66 1.962 960.2 990 -3.0 Mb 

YScO3 2.885 3.39 1.175 1125.6 YVO, 2.885 7.375 2.549 864.2 5440 :; 
YNb04 2.885 6.41 2.222 915.6 713” (9) 
YTa04 2.885 6.41 2.222 915.6 741” (9) 
CdMoOd 1.835 9.375 5.109 564.5 560“ (4) 
BaMoO., 1.342 9.375 6.986 405.3 356” (4) 
BaWO, 1.342 9.231 6.879 413.5 379” (4) 
LaAlO, 2.56 5.66 2.211 917.4 (10) 
LaNbO., 2.56 6.41 2.504 871 555” (9) 
LaTaO, 2.56 6.41 2.504 871 834 4.4 (9) 
GdAlO, 2.783 5.66 2.034 947.4 (11) 
LuAlO, 2.997 5.66 1.889 973.4 975 -0.2 ua 
LUSCO, 2.997 3.39 1.131 1136.8 864O (13) 
PbMo04 1.504 9.375 6.233 465.3 408” (4) 
PbW04 1.504 9.231 6.138 473.2 (4) 

b The experimental data (6) are the experimental values at 300 K. 
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Here, we must emphasize that we never 
expected to establish the accurate potential 
value at atom A; we just expected to es- 
tablish the effect of relative change in the 
potential at the A or B ion, due to the 
difference between A and B, on the total 
crystal field splitting AE of the Nd3+ ion 
manifolds in the ABO, series compounds. 

In addition, we have also noted that the 
deviations for several compounds, for ex- 
ample, the YV04 crystal and the LaNb04 
crystal, are larger. 

Conclusion 

There exists a certain relationship be- 
tween the total crystal field splitting AE of 
the Nd3+ ion manifolds (4Zg,x, 4Zir,2, 4Zi3,2, and 
4Z1s,2) and the ratio of the charge to radius of 

ion A and ion B in various ABO,-type 
compounds. The total crystal field splitting 
AE of the Nd3+ ion manifolds (4Zg,z, 4Z11,2, 
4Z13,2, and 4Z15,2) can be evaluated by means 
of an empirical formula, and the calculated 
results are very close to the experimental 
data. In some cases, on the basis of the 
calculated total crystal field splitting AE, 
we can check whether the highest Stark 
level or the lowest Stark level in the Stark 
levels observed in experiments is the true 
highest Stark level or the true lowest Stark 
level for some manifolds of the Nd3+ ion. 
We have discussed why there exists a cer- 
tain relationship between the total crystal 
field splitting AE of the Nd3+ ion manifolds 
and the ratio of the charge to radius of ions 
A and B in various different ABO, (n = 2-4) 
compounds. 
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