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By using the high-order perturbation formulas, the g factors g\\ and g±, the zero-field splittings 
D  and the pressure and uniaxial stress dependences of zero-field splitting are studied for N i2+ ions 
in both Mg + sites of La2Mg3(N 0 3) 12 • 24 H20  crystal. It is found that the local trigonal distortion 
angles ßi of the two Ni + centers are only slightly different from the corresponding host ones, 
but the local angular compressibilities under pressure and stress for both Ni centers are quite 
different not only from the corresponding host ones, but also from each other.
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1. Introduction

La2M g3(N 0 3 ) 12 • 24 H20  (LMN) belongs to a se­
ries o f double nitrates having the generic formula 3 
[D(H 20 ) 6] 2 [T (N 0 3)6] • 6 H20 ,  where D is a divalent 
and T a trivalent cation. There are two different M g2+ 
sites denoted by I (or X) and II (or Y) in LMN. Each 
M g2+ is surrounded by a trigonally distorted octahe­
dron o f six water molecules. The local symmetry for 
the X  site is D 3d and that for the Y site is C3v [1]. The 
EPR parameters (g  factors and zero-field splitting D )  
and the pressure and uniaxial stress (i.e ., stress U  || 
C 3 axis) dependences o f splitting D for N i2+ in both 
M g2+ sites o f LM N were reported [2, 3], however, no 
satisfactory theoretical explanations have been made 
for them. In this paper, we study these EPR parameters 
and the pressure and stress dependences o f zero-field 
splitting for both N i2+ centers in LMN by high-order 
perturbation formulas. Based on the studies, the local 
trigonal distortion angles and the local angular com ­
pressibilities under pressure and stress are obtained. 
The results are discussed.

2. Calculations

For the N i2+ (d8) ion on a trigonal octahedral crystal 
site the fourth-order perturbation formulas o f the EPR

parameters g^, gj_ and D  derived by the “quasi-inter- 
mediate-field” method are as follow s [4]:

D  = f 2( l  / E ]  -  l / E $ ) V / 2  + (3 /V 2)V "

■ {C2[ l / ( £ 2£3> -  U ( E i E 3)) + 4 B ( 2[ l / ( E 2E , E 5)

+ l / ( £ 22£ 5) -  3 / ( E t E , E t ) -  3 /(.E2E , E 4)]},

9\\ = 9 i  + 4 k ( / E ,  -  (gs + k/2)C,2/ E 2 -  (9s -  k / 2 )

• C21 E \  -  k ( 2/ ( E , E 2) -  6 B k ( 2l2 /( .E l E 2E 5) 

+ 1 / ( £ 22£ 5)1 -  4 k ( V / O E 2)

+ 4 ^ V ' k [ \ / ( E lE , )  + 1 2 B / ( E lE 1E i )], 

gn = g ±  + 2k<;v/E2 - 6 J 2

+  ( V ' k U / ( E lE ))  + 1 2 B / ( E l E , E i )] ( 1)
with

Ei  = \ 0D q, E 2 = 10Dq + 2 C  +  8 B,  

E 3 = 10D q + 1 2 5 , E x = 20 D q + 3B,  

E 5 = 20 D q + 2 C  + 9 B, (2)
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where gs = 2.0023. £ is the spin-orbit coupling co­
efficient, k the orbital reduction factor, and D q the 
cubic-field parameter. B  and C  are the Racah pa­
rameters, and V  and V'  the trigonal field parameters. 
From the superposition model [5] we have

2

V  = ^ [ ( 9 / 7 M 2(Ä 0)(Ä 0 / Ä i),’- (3 c o s2 ^  -  1) 
i= 1

+ (20 /21  ) M R o ) ( R o / i? , ) t4( 35 cos40, -  30 cos2^ +3) 

+ (20^/2ß ) A A(Ro){Ro/ R x)u sin3 9t cos 0;],

2

v  = ^ [ ( - 3 y 2 / 7 ) 3 2(fio )(ß ()/ Ä t)t=(3cos2 fli -  1) 
1=1

+ ( 5 ^ 2 / 2 \ ) M R o ) ( R o / ^ ) tA

■ (35 cos4 Oi — 30 cos2 Ql + 3)

+ (10/ 3)A»(.Ro)(iVRi)U sin3 #* cos 0*L (3)

where R x(i = 1 ,2 ) and ß t are, respectively, the metal- 
ligand distance and the angle between the direction 
of R l and the C 3 axis. t 2 and t4 are the power-law  
exponents. We take t2 ~  3 and_i4 «  5 because o f the 
ionic nature o f bonds [5 - 7]. A 2(Ä 0) and A*(i?0) are 
the intrinsic parameters with the reference distance R 0 
«  ( R { + R 2)/2. For^d71 ions_in octahedra, At(.R0) «  
(3 /4 )D q [6 , 7], and A 2( f l0)M 4(Ä 0) «_9 ~  12 for 3d^ 
ions in many crystals [6  - 9]. We take A 2( R 0)t A^(R0) 
« 1 2  here.

Since the N i2+ ions in N iSiF 6 • 6 H20  and LMN  
have the same [Ni(H 20 ) 6]2+ groups and similar metal- 
ligand distances R  (note: for N iSiF 6 • 6 H?0 ,  R  «  
2.048 Ä [10L for LM N:Ni2+, R  «  2.058 A for the 
X site and R  «  2.056 A for the Y site [1]), we 
can reasonably estimate the parameters D q, B  and 
C  o f LM N:Ni2+ from the optical spectra o f N iSiF 6 •
6 H20  [11]. Thus, we have

D q ~  920 cm -1, B  «  900 cm -1, C  «  4020 cm - 1(4)

Because o f the covalency reduction effect, the pa­
rameters (  and k in crystals can be estimated by the 
correlations [12]: £ t=a Ar2C0, k «  A''2 N 2 «  [( -B /ß 0 
+ C / C q ) ^ ] 1/2, where C0, B 0, and C 0 are the corre­
sponding parameters o f the free 3dn ion. For a free 
N i2+ ion [13], ( 0 «  649 cm - 1 , B 0 «  1084 cm - 1 , and

Table 1. EPR parameters and pressure and stress depen­
dences of zero-field splitting for Ni2+ in both Mg2+ sites of 
La2Mg3(N 0 3) 12 • 24 H20 .

X site X site
Cal.a Cal.b Expt. Cal.a Cal.b Expt.

Sll 2.25 2.25 2.24(1)c 2.24 2.24 2.25(1)c
g ±  2.26 2.25 2.24(1)c 2.23 2.22 2 .25(1)c
D  (cm- 1 ) 0.94 0.2 0.200(5)e -1.30 -2.22 -2 .22 (1 )c
d D / d P  (10~ 3cm-  ’/kBar) 84 433 432 c-d 117 188 188c d 
d D / d U  (10_ 3 cm_ */kBar) -368 -209 -210  c d -348 -103 -103 c d

a Calculated by using the host structural data for the EPR parameters or 
by using the host compressibilities for dD/dP and d D / d U ,  b calculated by 
using the local structural data for EPR parameters or by using the local 
compressibilities for d D I d P  and d D / d U , c [2 ],d [3].

C 0 «  4831 cm - 1. The structural data o f the host LM N  
crystal for the X site are R { = R 2 ~  2.056 Ä, = ß 2 
~  54.39°, and for the Y site they are R { «  2.048 A, 
R 2 k  2.063 A, ß \ ~  54.43° and ß 2 w 56.04° [1]. Sub­
stituting these parameters into the above formulas, we 
calculate the EPR parameters g\\, g±  and D  for N i2+ 
in X and Y sites o f an LMN crystal. The calculated  
values o f D  for both N i2+ centers are in poor agree­
ment with the observed values (see Table 1). Since the 
zero-field splitting D  is sensitive to the trigonal dis­
tortion angles ß l , the above calculated results suggest 
that the local angles ßi in the two N i2+ centers may 
be different from the host ones. Assuming that the 
local angle /?■«/?*( 1 + K j ) and fitting the calculated  
value o f the zero-field splitting to the observed value, 
we obtain for the X center, K x «  0.005, ß \  = ß \  
«  54.66°, and for the Y center, K Y «  0.0061, ß \  «  
54.74°, ß \  «  56.38°. A comparison between the cal­
culated and observed EPR parameters for both N i2+ 
centers is shown in Table 1.

Under the pressure P  and uniaxial stress U (U \ \C 3 
axis) we have

R ( P )  «  R[  1 + (d  \n R /d P ) P ] ,  

ß ( F ) n ß [ \ + ( d \ n ß / d P ) P ] ,

R ( U ) «  R [ \ + ( d \ n R / d U ) U ] ,  

ß ( U ) * s ß [ \ + { d \ n ß / d U ) U ] ,  (5)

where d \n R /dP ,  d \n ß /dP ,  d \nR/dU  and d \nß/d\J  
are the bond and angular compressibilities under pres­
sure and stress, respectively. Since the angles ßi  in 
both centers are close to the angle ß 0 ( »  54.74°, the 
angle in a cubic octahedron), the compressibilities o f  
the host crystal can be approximately calculated from
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the elastic constants Sij o f the studied LMN crystal 
as follow s [3, 14]:

d ln R / dP  ~  —(2 sii + 2s 12 +  4 s 13 + s 33) /3  

«  - 1 .5  x 1 O' 3 (kbar)“ 1, 

d l n ß / d P  «  y/2(s\3  + S33 — Sn — si2 )/3  

«  - 0 .5 8  x  10- 3  (kbar)- 1 , 

d \ n R / d U  ~  —(2 sn  + S33)/3

«  - 0 .2 4  x  10“ 3 (kbar)- 1 , 

d l n ß / d U  ~  y /2 (s 33 -  s 13) / 3

~  2.50 x  10- 3  (kbar)- 1 . (6)

Applying these host compressibilities to the above 
formulas, we calculate the pressure and stress depen­
dences o f zero-field splitting for both N i2+ centers in 
the LM N crystal. The results also disagree with the 
observed values (see Table 1), suggesting that the lo­
cal com pressibilities in the vicinity o f the N i2+ ion are 
different from those in the bulk crystal. In the calcula­
tions w e find that the zero-field splitting D  is sensitive 
to the angle ß t but insensitive to the distances Ri.  For 
sim plicity we assume that the distances R t remain 
unchanged (i. e., the slight influence on the zero-field 
splitting o f the change o f the distances R t is not con­
sidered here). Thus, by fitting the calculated pressure 
and stress dependences o f splitting D  to the observed 
values, w e obtain for N i2+ in the X site

d \ n ß / d P  «  - 2 .9 7  x  10- 3  (kbar)- 1 ,

d \ n ß / d U  «  1.43 x  10- 3 (kbar) - 1  (7)

and for N i2+ in the Y  site

d l n ß i / d P  «  —1.19 x  10“ 3 (kbar)- 1 ,

d \n ß t / d U  «  0 .70  x  10- 3  (kbar)- 1 . (8)
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