Splitting of Terms Beyond a D-Term in an Octahedral Ligand Field
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Although the procedure to calculate the ligand field energies of terms of a many d-electron
configuration in cubic symmetry is known, we present a novel semiquantitative method for the
splitting of d-electron terms in cubic symmetry. The method is based on quantitative calculations
of one-electron orbitals of a given angular momentum.

Introduetion

In the weak-field approach of ligand field theory,
Russell-Saunders terms (or L, S-terms) are obtained
first by taking into account electron repulsions
perturbation, and the terms are then split into final
energy levels by the ligand field of appropriate
symmetry of the complex. The qualitative deriva-
tion of the (L, S)-terms by the use of the microstate
table is well-known. The showing of the splittings
of these terms by the ligand field, even qualitatively,
is somewhat involved. Thus, for instance the d2
(or d8) electronic configuration gives rise to the
ground state 3F and the excited states 3P, 1G, 1D,
and 1S. The quantitative splittings of these terms
by the ligand field are derived by first forming the
lL, My, wave functions of a given term either by
using the ladder operator techniques [1] or by the
application of the 3 — j symbols [2]. These functions
are further linearly combined to form the basis
functions for cubic symmetry which are then
utilized in the calculation of the ligand field energies
[3]. If it is intended to show qualitatively how the
terms split, this can be done by the use of sym-
metry and group theory. There are two ways to
derive the splittings by symmetry and group theory.
One procedure is by the application of Bethe’s for-
mula [4] for the character of a rotation which yields
the reducible representation of a term which can
then be decomposed into the irreducible represen-
tations. A second procedure is to take recourse to
the fact that these terms can be considered as being
equivalent to one-electron orbitals and to conclude
that the terms split exactly as the one-electron
orbitals. Thus, just as the d-orbitals in an octa-
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hedral symmetry split into t2¢ and eg orbitals, a D-
term of a many d-electron configuration splits into
Ts¢ and Eg levels. Similarly, f-orbitals split into
t1u, tou. a2y and an F-term splits into T'1g, T'2g, Aog
levels, g-orbitals split into tig, teg, €z, a1g and a
G-term splits into T1g. Tog, Eg, A1 levels, and
so onl. However, it still remains to be shown
in this procedure how the one-electron orbitals
split. Although it is a simple matter to show the
splitting of the d-orbitals in an octahedral ligand
field by visualising the d-orbitals, it is not such
a simple procedure to show the splitting of the
f-orbitals or the g-orbitals. Indeed, the f-orbitals
that are used to deduce the splitting in an
octahedral ligand field are not just the real orbitals
but are further combinations of real orbitals which
are the bases for cubic symmetry [5] or as some-
times called ““cubic oriented”. In other words, it is
necessary to know the actual cubic based orbitals
beforehand to arrive at the qualitative splittings in
this procedure2. It is possible, however, to start
from the real orbitals and deduce the splitting by
the use of symmetry and eventually arrive at the
cubic based orbitals, as we will show below.

There is yet another procedure which is quan-
titative and makes use of the ligand field potential
and one-electron orbitals. It is the purpose of this
paper to outline this procedure, since it brings out
certain interesting aspects of the theory. Before
presenting this procedure, however, we would like

1 It should be noted that the one-electron orbitals ac-
quire either g or u symmetry in a centrosymmetric com-
plex depending upon whether the /-quantum number is
even or odd, respectively. However, the terms of many
d-electron system always transform as levels of g sym-
metry regardless of whether the L value of the term is
even or odd.

2 It turns out in the case of the d-orbitals, the real
orbitals are also the cubic oriented orbitals.
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to briefly review the two procedures of symmetry
and group theory mentioned above.

Qualitative Splitting of Terms by the Use of
Symmetry and Group Theory
Application of Bethe's Formula [4]

The formula for the character of the identity
operation, E. is given by, y(£)=2L-+1, and of
a rotation ¢ is given by,

y(p) = [sin(L -+ 1/2) ¢]/sin(¢/2).

For ¥ and G terms, since L =23 and 4., the cor-
responding representations have the characters:

E 60, 3042  8C3 60y
I'r f —1 — 1 —1
I'c 9 1 1 0 1

Thus the I'p reduces to the irreducible represen-
tations Aog+ 114+ T'2¢ and the I'g to

Aig+ Eg+ T1g + Tog-

This procedure, however, does not result in any
further information.

Application of Symmetry to One-Electron Orbitals

We will show this procedure for f-orbitals only.
The real f-orbitals, excluding a common factor
}/105/4 )/ r? are as follows:

Y = (1/)15) (523 — 32r2),

YIL:( l"f.) (_Ylﬁ_yii_l)
= (1/)/10) (522 — r?) =,

Ti = Gl () + Y5
= (1/)10) (522 — r?)y,
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Vi = ()2 (V5 + Y52 =262~y
Y2 = — (3/)/2) (Y3 — Y32 =2zyx
Y3e = (1/)2)(— ¥§+ ¥5?)
= (1/)/6) (a3 — Bz y?)
Y3 = (ily2) (Y + ¥5%)
= (1/)/6)(—y3 + 3ya?)

The symmetry transformation properties of these
real f-orbitals under the symmetry operations of the
O point group are given in Table 13. Obviously, the
repro%entation of the f-orbitals transforms as as -
t; + ts irreducible representations. However, it
should be noted that although the 2zyx orbital
forms the basis for the as representation, the other
six orbitals which transform together as t; and ¢s
representations either mix among themselves or
produce new orbitals. It should further be noted
that among these six orbitals, the

(1/)/15) (523 — 32r2) and z(2? — y?)

orbitals give rise to a character of +1 and —1,
respectively. under Cy rotation. Carrying out the
symmetry operations of a quadrate point-symmetry
group (Cyy. Dyp. Dy point groups) such as Dy on
these two orbitals shows that they transform as as
and by representations which means that they are
the proper components of the octahedral t; and t»
representations, respectively. Successive operation

3 These follow from the symmetry transformation prop-
erties of (z, y. ):

) 3 )3

Table 1. Symmetry Transformation Properties of Real f-orbitals in O Symmetry Point Group. (A common factor of

/105/4)/ 73 has been excluded from the orbitals.)

£ 60, 3042 8(C5 6C%
(1/V15)(523 — 3212) 1 1 1 (IV15) (5P — 3yr?) "
(1//10) (522 — r2)x 1 — (1/10)(522 — r2)y —1 ANV10)(5y2 —12)2 (1//10)(522 —r2)y
(1//10) (522 — r2)y 1 (1/10) (522 — r2)a —1 (LY 10)(5y2 — r2) (1//10)(522 — r2)x
z(a2 — y2) 1 —1 1 y(z2 — a?) 1
2zyx 1 —1 1 1 —1
(1/Y/6) (23 — 3z y?) 1 (1V6)(— y3 -+ 3ya?) —1 (1/)/6) (23 — 3z 22) — (1//6) (— 33 + 3y a?)
(1V6)(— y? -+ 3ya?) 1 — (1/)/6) (13— 3xy?) —1 (1/V6)(— a3 + 3a22) 7(1V())(x3—31'y2)
I 7 —1 —1 1 —1
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of C3 rotation on each of these components produces
the other two components of its representation. The
four cubic based orbitals thus obtained, namely, the

(1//15) (5y® — 3yr?), (1/)/15)(5a® — Bxr?),

y (22 — 22), and z(y2 — 22) orbitals can be formed
by linearly combining the four real orbitals

(1//10) (522 — )z, (1/)/10)(52% —r?)y,
(1//6) (x® — 3zy?), and
(1/)/8) (— ¥ + 3ya?).

By expressing the cubic based orbital as a linear
combination of the appropriate real orbitals, the
coefficients in the linear combination can be deter-
mined by equating the coefficients of the same
terms on both sides of the expression. The results
are

(1/y/16) (543 — 3y?)

— 3L — /BT,

(1/)/15) (523 — 3z 72)

— — V3BYie+ERY,

(e —at) = /BBY} — YBRYS,

x(y2 —22) = — |/5/8Y3° —/3/8Y3°.

From the symmetry transformation properties of
these cubic based orbitals given in Table 2, it can
be seen that the

(1/)/15) (523 — 32r%), (1/)/15)(5y® — 3yr?),

and (1/)/15) (543 — 3zr2) orbitals form the bases
for the ¢; representation and the orbital triplet
2 (22 —y2?), y(22—22?), and x(y2—22) spans the f
representation.

It may be noted at this point that the linear
combinations of |L, My, functions for cubic repre-

Table 2. Symmetry Transformation Properties of Cubic
Oriented f-Orbitals in O Symmetry Point Group [A com-
mon factor of (/105/4)/773) has been excluded from the
orbitals.]

E 6Cy 3042 8C3 60y
2zyx 1 -1 11 —1
(AN15) (523 — 3272) =a 1 1 1 b —1
(1/15)(5y3—3yr2)=b 1 c —1 ¢ c
A15) (528 —3z12)=c 1 —b —1 a b
z2(x2 —y2) =« 1 —1 1 B 1
Y2 —a%)=p 1 —y =1y —7
a2 — %) =y 1 B —1 a —B
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sentations are just these combinations. Thus,
Ay =Y =(—ily2)[|3,2> — |3, — 2],
Tia= Yg= |3,0>,
Tin = — 3B Y}" ~ /5[673
= —V3B{G/2)(]3, 1> + |3, — 1)1}
— V58{(i/y2)[]3,3> + |3, — 3>},
Tic= —/3/8Y}°+/5/8Y3°
—V3B{AY2[— |3, 1>+ |3, — 1]}
+VEB{1Y2) [—|3,3) + |3, — 31},
Toa=Y3*=(1/)2)[|3,2> + |3, —2)],
o= |58Y} — Y3873
V58{GY2)(]3,1> + |3, — 1)1}
—V38{GIY2)[|3,3> + |3, —3>1},
Toe= — V%Y?I"’ — Vﬁgygc
= —B8{(1/y2)[— |3, 1> + |3, — 1D]}
—V3/8{(1/y2)[—|3,3> + |3, — 3]} .

Quantitative Splittings of one-Electron Orbitals and
Application to the Splittings of Many d-Electron
Terms

Splitting of f-orbitals and of an F Term

The expansion for the ligand field potential in an
octahedral complex including spherical harmonics
of sixth degree can be shown to be

Vor = ez{po(r) /47 (6) Y]
+ oa(r) (/4 7/9) (7/2)
(Y4 (/5/14) (Yi+ Y4
+ 06 (r) (4 7[13) (3/4)
(Y — (VTR (Y& + Y541},

where e and z are the electronic charge and the
ligand effective charge, and g;(r) = 7' /r'F! with 7
being the lesser of the electronic radius vector and
the ligand central atom distance and > being the
greater of the two. The potential up to fourth degree
spherical harmonic terms is just the potential that
is used in calculations with d-electrons and the sixth
degree terms are needed in calculations involving
f-orbitals. However, as we will show in the following,
tf our interest is in finding the splittings of terms of
a many d-electron configuration, it vs sufficient to use
the octahedral potential that is used for a single d-elec-
tron, i.e., up to fourth degree harmonics.
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A simple and an elegant way of calculating the
one-electron energies with a given potential is by
the use of the expansions of products of spherical
harmonics of the orbitals in terms of a combination
of spherical harmonics. The coefficients in the ex-
pansion can be obtained either by the application
of the 3 — 7 symbols [2] or by an algebraic method
in a straightforward manner by expressing a prod-
uct as being equivalent to an appropriate com-
bination of spherical harmonics and insuring that
the coefficients of the same terms on both sides of
the expression must be same. The necessary prod-
ucts for the f-orbital energy calculations obtained
by these procedures are given in Table 3. By utiliz-
ing these products and the octahedral ligand field
potential, the nonzero matrix elements of the ligand
field energy are calculated to be4:

Y Ve | YD = (111)<ea(r))
-+ (25/143) s (r))
=62+ 20y,
or | YFEY = (7/66)oa(r))
— (75/572) s (r)>
=z — 15y,
T Y52 = — (49/66) o4 (r))
+ (15/286) (g6 (r)>
=—Tx+ 6:’/ ’
S YF3y = (7/22)<0a(r)>
— (5/572)<{gs(r)>
— 3 r—Y,

YFH V¥

Sl

YRV

Y5 Vr | Y5®) = (1)/15/66) {ea(r))
+ (35)/15/572) {gs (r))

= |/152 4 7)/15y,

Table 3. Products of Spherical Harmonics of Third Degree
as Linear Combinations of Spherical Harmonics.

Y30 - Y30 = (1/2)/7) [Yo° + (4/3V5) Y20 + (6/11) Y40
+ (100/33//13) Y]
Ygtl* Yatl = (1/2V/7) [Yo° + (1//5) Y20 4 (1/11) Y0

— (25/11Y/13) Y¢°]

Y2 Y32 = (1/2/7) [¥o® — (7/11) Y4
+ (10/11Y13) Y]
Y328 Y28 = (1/2)/7) [Yo — (V/5/3) Y20 4 (3/11) Y0
— (5/33Y/13) Y]
Yg#l*- Y578 = (/21/11)2n) Y4*4* — (5/35/11)/T8n) Ye+t*

V32" Y372 = (/35/11/27) Y4=4* + (5/14/11/13 n) Y4

4 In what follows, the upper signs go together and the
lower signs go together.
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CY$2| Vo | Y5 = (35/66)<oa(r))
— (105/286) (g (r)>
=5x— 42y,
where
Cai(r)y = <ai(r))e
= ezf(rL/r’Q’l)R;(r)zrzdr,
0

z = (7/66){0a(r)) ,
y = (5/572)<0s()) -
Thus, except for ¥ which is a pure energy level,
two 2 X 2 secular determinants result, one being

a doubly degenerate determinant. The simpler de-
terminant of ¥3 and Y2 yields the energies

(—22—36y) and (— 12z -+ 48y)

and

with the corresponding wave functions
(1/y2) (Y3 + Y5®) and — (if)/2) (Y5 — Y57?).

The doubly degenerate determinant of Y3*! and
Y5 3 results in energies (624 20y) and (— 2z — 36y)
with the corresponding wave functions

[(/3/8)Y 5! + (/5/8)Y5®] and

[(/5/8)Y5* — (/3/8)Y5®]
which are, of course, imaginary. The degenerate set
of orbitals can be combined to result in real func-
tions. The real functions thus obtained are for en-
ergy (6x - 20y):

— V3BLGNY2) (Y5 + Y3h)]

- V5/8[(@/V%)(Y§ + Y39,
—V38L(LY2) (— Y+ Y5
+V/5/8[(L/)2) (= Y34 Y5 3)],
22— 36y):
i)2) (Y3 + Y31
i[y2) (Y3+ Y s

— V58l Y2) (- Y5+ Y5h)]

—V3BIANV2) (— Y3+ Y52
The energies and the wave functions are summariz-
ed below. (A common factor of |/105/4 /773 has been
left out of the cartesian forms.)
E=—12x48y:

Yr=2zy2;
E=—2x—36y:

Y3 =z2(2%—y?),

(/5/8)Y3® — (/3/8) Y3 = y(22 — 2?),
— (VBB Yie — (/38) Y3 = 2(y? — 22);

and for energy (—
V/5/8[
- l/3/8[
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E=6x+20y:
Y3 = (1/)15) (52% — 3z7%),
— (/3/8)Y5* — (/5/8) Y3*
= (1/)/15) (5y® — 3yr?),
— (/3/8)Y3° + (/5/8) Y3°
=(1/)/15) (523 — 3xr?).

The representations spanned by these functions are
az, t2, and t;, respectively, as shown above.

This procedure, of course, gives the same results
as those obtained by the symmetry method above
and in addition the energies.

The energies obtained above are for one-electron
f-orbitals. The splittings and the energies of split
levels of an F-term could have been obtained just
with the restricted potential without the sixth de-
gree harmonic terms. With such a restricted poten-
tial, the energies of 71, T'2, and A4, levels would be
6z, — 2z, and — 122, respectively. The octahedral
splittings of F-terms of many d-electron configura-
tions, however, can be obtained by settingz = — Dq
(3F of d2 and 4F of d7) and = + D¢ (3F of d8 and
1F of d3), i.e., (7/66) {04 (r)>t = F Dgq. The splitting
of f-orbitals or of an F-term is depicted in Figure 1.

J-I—l—5'-(523-32r2)
1 (T))=6x

L (5y3-3yr2
] J—E(Sy 3yr2)
/ %(5)&3—3”2)
f(F) ‘
15 (Tp)=-2 2(x2-y2)
\\_Z_L y(22 -x2)
\ x(y2-22)
\
\
|
(Ay)= -12
e ar ) 22yx

Fig. 1. Splitting of f-orbitals or of an F-term in an octa-
hedral ligand field. With x=(7/66)<{04(r)>¢ and {ge(r)>¢
=0, these are the energies of the split levels of f-orbitals.
With = — Dq and + Dg, the energies of the split levels of
3F term of d2 (or 4F of d7) and 4F term of d3 (or 3F of d8)
configurations are produced, respectively.

Splitting of g-orbitals and of a G-term

We will use the restricted potential to show the
splitting of a G-term. (A complete potential for
one-electron 5 g orbitals of superactinides should
include eighth degree spherical harmonic terms
YQ, Y#* and Y§® which will give rise to a third
ligand field radial parameter {pg(r)).) Since we are
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using only the Y and Y -* terms of the potential,
it is necessary to know only the coefficients of these
terms in the expansions of the products of the
fourth degree spherical harmonics. The required
products are given in Table 4. The calculated ligand
field matrix elements are as follows:

Y] |Vor | YD > = (81/143)<pa(r)>) =18z,
<YQ | VEr | YE* = (9)/70/286)oa(r)> =}/T0z,

CYEH| VEF | Y5 = (63/143)oa(r)y = l4z,
(YE| VER | YL = (81/286)(os(r)y =9z,
CYE VG, |YiP) = (45)/7/286)Cealr) = 5)/T=,

CYEP| VL | Y3 = — (189/286)<pa(r)) = — 21,
CYPR| VG, |YE2) = — (9/26)<0a(r)> = — 11z,
CYE2|VER | Y§D = (135/286)<pa(r)) = — 152,
where z = (9/286)<04(r))> and

Coalr)> = Coa(n)yg = ez | (ri/rl) Re(r)2r2dr.
0

Since the (YF*| VEF | Y§* = 0, we can form
Yie=(1/y2)(Y{+Y¥;*) and
Yit=— (20 (Yi—Y;
combinations such that
(V3o Vo, | Yi0) = CYP| VG | i = 14,
KYQ|VEE|YE® =2)/35z, and
T V| =0
which implies that Y3® is a pure energy level by
itself with an energy of 14z.
The solution of the secular determinant of Y9 and
Yi¢ gives the results:
E, =28z,
W, = YTZYS + VB2 [(1/)2) (Y4 + Y 4]
Table 4. Coefficients of Y40 and Y4*4* Terms in the Ex-

pansions of the Products of Spherical Harmonics of Fourth
Degree.

Coefficient of

Y40 Y x4t
Y40 Y40 243/1001 /7 0
Yatl*- Yail 243/2002)/7 0
Y2t Y2 —27/182)a 0
Y3t Y283 — 81/286)7 0
Vet Y2t 27/143y7 0
YO Y7 0 27/143y~
Y4£1* - Y478 0 27)/10/286)/
V422" - Y72 0 81)/70/2002)/ 7
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and
E_=4z,
= VB2Y? — YTA2[(1/y2) (Y§+ Y7 9)].

The solution of the determinant of ¥% and ¥ 2
yields the results:

E, =4z, Y= (1)2)(Yi+ Y3
and
E_ = —26z, Y_=—(i[)2)(Y;—Y7?.
Finally, the doubly degenerate determinant of
Y{£! and Y2 produces the results:

E,=—26z, V,.=)18YF —)78Y{?
and
E_ =14z, Y_=)78YF 4 1/8Y F3.

These imaginary wave functions can be combined,
as in the case of the f-orbitals, to obtain the real
forms. Thus, for the energy —26z:

— V18l /Y2 (= Y{+ Y )]

—VIBIAN2) (- YE+ Y ¥)],

—V1BIENY2) (Yi+ Y]

+VIBLGENY2) (YE+ Y 9),
and for the energy 14z:

VasLay2) (—=Yi+ ¥ h)
— V1LY (= Y+ Y9,
— VIBLGIY) (Y1 + YY)
— V18LGIY2) (Y3 + Y 3)].
The energies and the wave functions are summarized
below. (A common factor of 3)/5/4)/wr4 has been
taken out of the cartesian forms and the usual

notation of cosine and sine combinations of spher-
ical harmonics has been employed.)
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E =28z:
(V7/12) Y9 + (/5/12) Y&
= ()/105/6) (z* + y* + 2t — 374/5);

E=14z:
Y3t =)7(22 — y?)zy,
(VT8 Yo — (VI8 Y3® = /7(22 — 22) 2z,
— (V[8)Y§* — (V1/8)Y* = YT (y% — 22)yz;
E=4z:
(V5/12) Y — (/7/12) Y {°

= (1/2)/3) [(T2? — r?) (% — 22)
— (192 — r?) (22 — 2?)],
Y= (1/2)[(72% — r?) (a2 — y?¥)];

= —26z:
Y3 = (122 —r2)zy,
— (Y1[8) YL — (YT7]8)Y3° = (Ty2 — r?) 2z,
— (V1/8)Y{* + (V7/8)Y3° = (T2% — r2)yz.

0,(A)=28x ﬁg_—g(‘qﬂula_%,n)
|

|4, ()= 1ax 17 (x2-y2 uy

| L {7 (22 -x2)2x

I T(y2-22)yz
/ e(E)= 4x
L)z dx
9(G) ’

2‘}3[(7!2-'2)(yz-ﬂ)-(7y!-rzxzz-.z)]
[(722-r2)(x2-y2]]

15(T,) =-26 (722-r2)xy
LT n-20x (Ty2-r2) 2x
(Tx2-r2)yz

Fig. 2. Splitting of g-orbitals or of a G-term in an octahedral
ligand field. With 2=(9/286){pa(r)>g and <pe(r)>g=
{o8(r)>g=0, these are the energies of the split levels of g-
orbitals. With x = (1/7) Dq or x = — (1/14) Dg, the energies
of the split levels of 1G term of d2 configuration or of 2G
term of d3 configuration are produced, respectively.

Table 5. Symmetry Trans-

E 6Cy 302 8Cs 60y’ formation Properties of
— Cubic Oriented g-Orbitals in
(V105/6) (x4 + y* + 24 — 374/5) 1 1 1 1 1 O Symmetry Point Group.
(1/2) (722 — r?)(2® — y?) =e¢ 1 -1 1 —eg2-V362 —1 [A common factor of
(1/2V3) (722 — 1%) (4% — 2%) (3V/5/4Y/7r%) has been
— (TP =)@ —2)]=60 1 1 1 —0/2 +V3¢/2 1 excluded from the orbitals.]
V(@2 —y?)zy=a 1 1 1 b —
V7(22 —a?)zz =b 1 ¢ —1 c ¢
Vi(y? —=22)yz =c¢ 1 —b  —1 a b
(722 —r2)2zy =« 1 -1 1 B 1
(Ty2—rd)zz =§ 1 =9 =1 Y -7
(a2 —rt)yz =y 1 g —1 « -8
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(a) (c)
xy,xz or yz plane eq(0)=[(7x%-r3)y2-22)
a(9)=J105 [x4+ y4+24-3r%/5]/6|  ~(7y%-r2)(22-x®))/2J3

(b)
1,0(9) =37 (xZ-y?)xy

~N
N
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(d) (e)

epl9)=[(722-rA)(x2-y?)] 72 t24(g)= (722 -r%)xy

X X+7T/4

y x+37/4

Fig. 3. Polar plots of the cubic oriented g-orbitals: (a) a; orbital. (b) #14 orbital. The #;, and ¢;. orbitals are similar to
t1a except they are in the zz and yz planes, respectively. (c) e, orbital. (d) ep orbital. (e) t2a orbital. The ton, and tc
orbitals are similar to ¢2, in that they are obtained by replacing the 2y plane by 2z and yz planes, respectively, and the

z axis by y and z axes, respectively.

The actual designations of representations that
these are aj, t1, e and t3, of course, are obtained
from the symmetry transformation properties of
the orbitals presented in Table 5.

The energies of the split levels of the 1G term
of the d2 configuration are obtained by setting
z=(1/7)Dgq, i.e., (63/286){p4(r)>g= Dq. However,

5 Tt should be noted that only in the case of the terms of
highest spin-multiplicity, the same ratio (within sign) of
{ea(r)>1/Dq gives the energies of split levels of terms of
different configurations. Thus, just as the splittings of F-
terms are obtained by (7/66){o4(r);) = F Dgq, the split-
tings of D-terms can be obtained by equating (1/6){04(r)>a
=+ Dq(2D of d! and 5D of d¢) and — Dgq(2D of d? and
5D of d4%). However, the {o4(r)>i/Dq ratio will be different

the octahedral splittings of the 2G term of d3 con-
figuration are given by = — (1/14) Dq or

(63/143){0a(r))g = — Dg5.

The splitting of the g-orbitals or of a G-term is
shown in Figure 2. The plots of the g-orbitals are
shown in Figure 38.

for splittings of terms that are not of highest spin-multi-
plicity, whether they are of different configurations or even
of the same configuration. For instance, the energies of
split levels of the 2F term of d3 configuration are given by
(T/11)<oa(r)>e=+ Dy.

6 The author wishes to thank Mr. John Collins for con-
structing these plots.
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