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The orthorhombic distortion of octahedral Ti*+ : MgO system having a three fold
orbital degeneracy is discussed on a model considering covalency and the essential features
of static Jahn-Teller effects. Both linear and the main second order lattice-ion interaction
terms aré included to explain the observed g-anisotropy.

1. Introduction

The EPR spectra of Ti** in MgO have been reported by Davies and Wertz [1] and
the results are interpreted by these authors in terms of a static orthorhombic crystalline
electric field model. The symmetry of the anisotropic EPR spectra were taken as evidence
that the orthorhombic field includes in it a sizable contribution from the static Jahn-Teller
(IT) distortion at low temperatures. In the present study we propose to calculate the
g-anisotropy by considering the static orthorhombic JT interaction including the second
order JT term as well as the covalency overlap between the ligand charges with the charge
cloud of the central impurity ion.

2. Theory

In an octahedral coordination of symmetry O,, the free ion 3d! 2D ground state
of the Ti** impurity ion splits up into an orbital doublet 2E, higher in energy than the
lower orbital triplet *T,, by 10 Dg, where Dgq is the one-electron cubic field splitting
parameter. The small superimposed orthorhombic component of the ligand field lifts
all orbital degeneracies of the cubic field levels. The potential for the cubic and static
crystalline orthorhombic fields, including the quadratic and quartic terms but neglecting
the spin-orbit (SO) interaction is of the form [2]

V = D(x*+y*+2z*—3/5y*) + [4x? + By? — (4 + B)z*] + [ax* + by* — (a+ b)z*
+6ay?z2 + 6bz2x% — 6(a+ b)x>y?], @.1)
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where the first term represents the cubic component and the remaining terms are due to
the orthorhombicity of the static crystalline electric field.

Van Vleck [3] has shown that any combination of @, = (¢ sin 6) and Q5 = (¢ cos 6)
modes of displacement will produce an equivalent splitting of the cubic field levels, Now
6 = 90° and 270° correspond to orthorhombic x, y deformations. In our problem we
describe the small x, y orthorhombic type of JT compression (dilatation) by the angle
Ag which is linked with the equilibrium displacement parameter g, for Q, by the ex-
pression

@o = (6)”"*R, sin 24 ¢,
where R, is half the space diagonal of the cube. With 4¢ > 0 we get a x dilatation and y
compression, for A = 0, the orthorhombic JT potential becomes zero.

Using the equivalent operator formalism we obtain from Eq. (2.1) an expression
for the JT orthorhombic perturbation potential in the form

AV, = AXIA +I2)+ AL[(35LE — 15512 +72) - 7/8(L%, + L1)]

— AT —11) (B4 + L)+ (L + L) (L= 1]+ @V ) 22)
with
43 = 4 (A—B) (¢/R}) (sin 24¢),
A% = % (a—b) (¢/R}) (sin 249),
A% = —1(a+D) (e/R}) (sin 24¢)?, 2.3)

and" (4Vymo)? is the second order JT interaction operator as given by Englman [4].
Operating the total Hamiltonian # = Y —e(Voupic+4Vormo) o0 the cubic field
wavefunctions

1
V2
we get a secular matrix which gives the eigenvalues

E,, = —4Dq+12B;F(3B3+2B3)+% (K. FK)5?,
E, = —4Dq—24Bi-K?52,

E, s = 6DqF[324(B})*+3(2B;—B3)*]'?, 24
0 =+2qi, i=2x)

1

V2

dy,d-y, 7= (dy—d_;) and d, (d2+d-»)

with
B} = —ed3a(r*),, B} = 8/3n' kA,
Bl = —edif{r™),,
Dqg = —3/5eDB{r*>,, (@ = —2/21, B = 2/63) 2.5
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where k is a numerical factor arising from the Wigner coefficient relations. The effect
of the second order JT interaction in the excited orbital doublet state has not been considered
in the present problem as this causes a very small additional displacement in these levels
at ~ 20000 cm~' above the fundamental level.

The corresponding eigenfunctions are

H

1 ]
Yy = I‘sz> = ﬁ(dl_d—l)a (2 a1¢322—r2+b1¢x2—y2 = ald0+ (d2+d 2)5

\/_
1
Pr =@y, = ﬁ(dl"l'd—l): Vs = by Qa2 2 — a1 Q2o = bydy— \/2 (d2+d 2)s

I(ny> == \/2 (dz 2)7 (26)

where [@,,> etc. are the molecular orbital wavefunctions as modified by the appropriate
combinations of ligand ¢ and 7 orbitals. In Eq (2.4) K, and K, are the second order JT
coupling coefficients.

3. Calculation of g values

The spin orbit interaction has no effect in the first order on the lowest orbital singlet
state ¢, and hence for the calculation of g values we adopt Pryce’s spin Hamiltonian
technique [5]. The spin Hamiltonian is

H'\p, |
Hs = <@U1|%'|T/J1>— Z <l |1/;>—-<E‘/’1! A2%

Z Z P | P> Ol |9, {0l H 1)
(E,—E,) (E,—E)

z : <Pl |pu> <Pl 191> {al 9> a1
T _ 172 > :
(E,—Ey)

where the perturbation Hamiltonian is of the form
' H' = AL S+BH - (L+25). 62
For H||z, the spin Hamiltonian reduces to the form
HP = BH[2S,(1~1,2,1.) ~18,5,(ps + P2+ PsS?+ PaS? + p557]. (3.32)
For ‘H||x, it becomes

H$) = BH[2S(1- 0,21, +18,5.(a: ~ 2], (3.3)
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and for H|ly, it is approximated as

Y = PH[2S,{1 = (wy+ W} = S:S.01 +72)]. (3.3¢)

In Eqs (3.32), (3.3b), (3.3c) terms independent of H and those involving f?H? are not
retained as they are not important in the calculation of g-values. Operating the spin
Hamiltonians %g“, (i = x,y.z) on the spin states [1/2 and |—1/2)>, we get a_secular
matrix which finally gives the g values

gx = go[(l_U1ixXx).“(Q1“112)],
gy = go[{l—(wl+W2)}‘ylcy}~(rl+r2)]:

g = go[(1—=uyA i) —(pi+p2—ps—Ps—ps)l, (3.4)
Where
gl L ! o _WBa=by . /3by+ay)
1'—E2_E13 1 E3—E1’ 1 E4_— [} 2 E5—E1 s
Ak, Adycic,by(by— 3 a) 222
Py = Py = - =

(Es—E) (Ba—Ey) ~ * 7 (Es-

 Axi(ay+y/3b0)*

(E;—E) (Es—E,)’ E;—E)?’

/12 2(\/3 a,—by)?

H 5 = s

p ==
U (BamEy?
AA KK,

q, =

(-E,_z —E)) (Es ~Ey) ’

(Es— _1)
24,2, 1,0,b1(by —+/3 ay)
(E;—E,) (E4,—Ey)

qda =

>

A, » rz-ﬂ%lkxblg\/_?aal__ 1_). 3.5)
(E, 1) (Es—Ey) - (E3—Ey)(Es—Ey)

With the molecular orbltals of Eq (2.6) the reduced matrix elements for the orbital and
spin orbit (SO) interaction are defined as follows

ry =

(LILIT,Y = wis (LT = A,

(GILIEY = &), <TJALIEY = 4, (3.6)

In the present problem we have considered x; = k; and 4; = .

. 4. Results

The parameters appearing in the calculation of g values are the cubic field splitting

: constant Dg, the IT field coefficients B2, BZ, B}, K,0% and K,6%, and the covalency reduction
factors x; and A(i = x, y, z). The cubic and JT field parameters are obtained by comparmg
the transitions [1] with our Eq. (2.4). The covalency parameters are then ad_]usted by trial
“and error computations so as to get the best fit between the theoretical and observed g
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values at 20 K. The agreement between the calculated and experimental g values [1] are
shown in Table 1. Comparison with the experimental results indicates that in the ortho-

rhombic JT center there is an appreciable covalency overlap of the ligand charges with
the charge cloud of the central impurity ion.

TABLE I
Field parameters and g-values
Field parameters
10 Dg = 20 000, B2 = 3784.5, B; = —5031.7, B} = 545,
Ay = 1324, Ay = 126.3, A, = 138.6, A = 154, (free ion value)
(all in cm™)
Kq0% = 29.9cm™t, K;0? = 32.6 cm™L,
%y = 0,860, %y = 0,820, %z = 0,880
g-values
present calculation JT model on static crystal experimental results
field model [
20K 4K 20K
Zx | 1.8484 1.8483 1.8782 1.84874-0.0007
gy 1.9461 1.9455 1.9463 1.9464+-0.0007
gz | 1.7669 1.9680 1.7654 1.7670+0.0007
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