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On the Study of Racah Parameter B for Nickel (Il) and Cobalt (ll)
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Abstract: The ligand field strength (Dq) and interelectronic repulsion (B) have been calculated for nickel (ll) and cobalt
(II) compounds by Underhill and Billing [1] based on v, and v; values. They solved the quadratic equation
340(Dq*-18(v2+v;) Dg+ vz vs=0 in Dq for octahedral. Then, the B value was determined using the equation v+
v3—30Dq-15B=0. But, the first equation has real and imaginary solutions and it's difficult to determine the imaginary one.
In addition, in many cases there is no solution of this equation as well as in the case of CoO (d’ oct.). For octahedral, the
above two equations can be considered as a system of two equations with two unknowns which can be solved if we
have v, and v; values and vice versa. Similarly, for tetrahedral, the former two equations also can be solved for Dg and
B. Using Newton—Raphson iterations, Dq and B values are exactly determined for octahedral and tetrahedral systems.
The obtained values of Dg and B were compared with those previously reported.
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INTRODUCTION

The spectra of nickel (Il) [2-4] and cobalt (ll) [5,6]
complexes have been used to estimate Racah
parameter (interelectronic repulsion parameter, B). In
octahedral nickel (Il) complexes, only the bands of

v (345, - 37, (F)) and v;(34,, - 3T,,(P)) are observed.

The ligand field strength (Dq) and interelectronic
repulsion (B) have been estimated by solving the
secular equation [7]. Underhill and Billing [1] simplify
the problem by solving a quadratic equation in Dq and
B only. The equations for calculating Dg and B based
on the v, and vz values for octahedral Ni(ll) complexes
d®are [1]:

340Dq2—18(v2+v3)Dq+v2v3=0 (1)

B= v, +v3—30Dg @)
15

Solving the quadratic equation will give two

solutions (real and imaginary). It is difficult to determine
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the imaginary one. To overcome this problem Eq. (2)
can be rewritten as:

—30Dq+(v, +v3)-15B=00r v, +v;=30Dg+15B (3)
Then, substituting the term v, + vs into Eq. (1) gives:
—200 Dq* —270BDq +v,v; =0 (4)

These two Egs. (3) and (4) are contained two
unknowns i.e. these two equations can be solved for
Dq and B if we have v, and v; values and vice-versa.
Each of the two systems of the Egs. (1) and (2) or Egs.
(3) and (4) can be solved for Dq and B for
Ni(3Etpy),Br, (d®, octa.), NiMbCl, (d°, octa.), CoO (d’,
octa.) using a rapidly-converging algorithm (Newton—
Raphson iterations) [8,9]. The obtained values have
been listed in Table 1 and are compared with those
reported previously. It has been found that, in the case
of CoO (d’ octa.), there is no solution of quadratic Eq.
(1). The two solutions of Eq. (1) are given by:

_18(va+v3)+/(18(vo +v3))2—4(340)v,v3
o 2(340)

Dq (5)

Substituting v, = 16680 cm™ and v; = 18450 cm™
[10], Eq. (5) could be written as:
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632340 +v3.99x1011—4,185x1011
Dqg = — (6)

The value under the square root is negative.
Therefore there is no solution of Eq. (1) at these values
of v, and vs. Thus a high doubt on how it has been
solved.

Furthermore, the authors’ values of Dq (887 cm'1)
and B (780 cm™) for CoO don't satisfy the Egs. (1) and
[ or (3) as one can see Eq. (1) for CoO take the
following form:

(340x(887)° | (18 (16680-+18450) x 887) + (16680 x 18450) %0

Similarly, Eq. (2) become:
(-30x 887)+ (16680 +18450)—(15x 780) = 0

On the other hand, Dq and B values (781 cm™ and
835 cm'1) for Ni(3Etpy).Br; (d8, octa.) complex does not
satisfy Eq. (3) consequently, Egs. (1) or (4) also can't
be satisfied. Although, B (152 cm™) and Dq (1123 cm™)
values for Ni(3Etpy)2Br2 (d®, octa.) are satisfied by the
Eq. (1), (2) and (3) but these values are far away from
those previously reported. Therefore, these values are
incorrect. The exact values of Dq and B are given in
Table 1. From Table 1, it is noted that Dq and B values

are very accurate and sensitive, therefore the two Eqs.
(1) and (2) or (3) and (4) must be solved exactly.

On the other hand, the corresponding relations for
ions with d° or d’ configuration in an octahedral filed or
with a d® or d® configuration in a tetrahedral filed [1]:

340Dq2+18(v3—2v2)Dq+v§—v2v3=O (7)
B= v3—2vi5+ 30Dq (8)

Rewriting Eq. (8) in the form of:

30Dg+(v3—2v,)-15B=0 or

(9)
v3—2v, =15B-30Dgq
Substituting the term v3—2v, into Eq. (7) gives:
~200Dg* +270BDg +v; —vyv3 =0 (10)

Similarly, the two Egs. (9) and (10) have been
solved using Newton—Raphson iterations [8, 9] in Dq
and B for NiMpsCly(d®, tetra.) and Css[CoCl]CI (d’,
tetra.). The obtained values are listed in Table 1. In
comparison with previously reported results, it has
been found that, the Dqg, B, v, and v; values don’t
satisfy Eq. (9) where the term v3-2v; isn’'t equal to the
term 15B-30Dq (Table 1). In the case of Cs3[CoCl,]ClI

Table 1: Calculated Values of Dq and B (v2, v Dq and B in cm'1)

30Dq+ _ 15B-3 Reported
Vs Vs Dq B vz+vs 158 V=2V, 0Dq Dq B values
Compound Ref.
Ref. 1 octa tetra This study ++ Dq B
. 781 | 835 35950 -10905
Ni(3Etpy):Brz (octa.) | [1,2] | 12970 | 23000 | 81~ | 835 1 35970 | 39950 | 2040 | 1090° | 781262 | 835.472 | 789 | 830
. , 795 | 819 36140 -11565
NiMbCL, (octa) *+ | [13] | 13150 | 23000 | 9o | 819 | agts0 | 33140 | 3300 | 11565 | 79520 | 81942 | 794 | 825
780 38310 | - | -14910
CoO (octa.) [1,10] | 16680 | 18450 | 887-98 | '°0 | 35130 | 5oo10 | o | 4910 | 834208 | 781403 | 888 | 780
2'5('0'30':;")’\951 2 (3] | 13000 | 22750 | - 190 | 35750 | | -3250 786.088 | 811.156 | 786 | 811
NiMbeCl, (tetra) | [13] | 9200 | 15620 | 497-350 | = | 24820 | T | 2780 | o= | 496829 | 808.325 | 500 | 810
320 -884 --- 22860
Csa(CoCLICI (tetra) | [16] | 5580 | 14800 | | " | 20380 3640 | 22860 | 304307 | 85146 | 320 | 719
MpsNiBr; (tetra) (31 | 8600 | 15470 199V os070 | T | 1730 46516 | 814.987 | 465 | 820
MpsNil; (tetra) (31 | 8100 | 15400 23500 | T | -800 438.741 | 824.149 | 435 | 825

3Etpy is 3-ethyl pyridine, Mp is Methyl pyrazine, Dmp is Dimethyl pyrazine, * Bridging Halogen, + Bridging pyrazine, ++ These values satisfy that the term v, + v;

=30Dq+15B for octahedral and the term v, - 2v, = 15B for tetrahedral.
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(d7, tetra.), solving the Egs. (9) and (10) gives Dq and
B values as 304.397 cm” and 851.46 cm”. These
values of Dq and B are in excellent agreement when
we solve the quadratic Eq. (7) in Dq according to the
Ref [1] authors. The solutions for Dq are 304.397 cm’”
and - 497.1 cm™. Substituting Dq values into eq. (8)
gives B values of 851.46 cm™ and -751.54 cm™ while,
the authors of the Ref. [1] reported that Dg = 320 cm”
and B = 719 cm™. In the case of NiMbCl, (d8, tetra.) a
small difference has been observed, but the exact
values that satisfies the system of Egs. (9) and (10) are
needed.

For clarity and confirmation Dg and B values for
octa 2.5-DmpNiC1,, tetra MpsNiBr, and tetra MpsNil,
have been calculated based on v, and v; values from
Ref [3] (see Table 1) and also compared with the
reported data [3]. Small difference is observed between
the reported values and the present study.
Furthermore, the exact values of Dq and B according to
the present study satisfy the pairs Egs. (1) and (2)
or/and (3) and (4) for ions with octahedral field and also
satisfy the pairs Egs. (7) and (8) and/or (9) and (10) for
ions with tetrahedral field.

HIGHLIGHTS

. In the previous reports Dq and B for oct. and tet.
compounds were determined by solving the
secular equation only.

. The secular equation has real and imagery
solutions, it's difficult to determine the imaginary
one.

. The present study concerns with precisely
determination of both Dg and B using Newton—
Raphson iterations.
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