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For bonding of the complexes formed by the transition metals the electrons d of the
central ion, as well as the outer electrons (n=2) of the complex forming groups are
responsible. By means of a half empiric version of the LCAO—MO method it was
investigated which states of the electrons of the radicals mentioned above must be taken
into account. It was found that the significance of the 2po orbitals is dominating, never-
theless, the 2pn orbitals cannot be neglected either. The 2s¢ states are, however, of se-
condary importance.

§ 1. Introduction

The theory of the complexes with covalent bonds was found by PAULING
[1] who assumed that the complexes are formed by the localization of the
electrons of the radicals into the empty states of the central ion. On the .
basis of PAULING’s suggested theory KiMBALL [2] elaborated all the combina-
tions of atomic orbitals which have to be considered at the bond. WOLFSBERG
and HELMHOLZ [3] already deal with some complex ions taking the atomic
orbitals of the radicals into consideration, too. The Iatter authors use the
most simple version of the LCAO—MO method and the occuring integrals
are calculated from the ionization ‘energies. This method has been used by
other -authors [4]—[7] too. In the following the methods of WOLFSBERG and
HELMHOLZ will be employed. It will be attempted to establish which of the
possible orbitals (2so, 2po, 2pr) -are the dominating ones in the case.of

complexes of type Me(CN); (Me = Mn™, Fe**, Co™).

§2 The method of the calculation

The molecular orbxtals (MO) of the complex are.composed by the linear
combinations (LC) of atomic orbitals (AO). The five 3d, one 4s and three
4p orbitals of the central ion contribute to this LC. The radicals which tarn
with their C atoms towards the central ion in the complex contribute pro
radical at most with the orbitals one 2so, one 2po and two 2psr of the
atomic orbitals of their C atom to the MO’s of the complex. In each case
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the symmetry O, will be considered and the combinations of the AQ’s
mentioned above belonging to each irreducible representation of the group O,.
Owing to the variation principle the best MO’s can be determined by these
basic functions. At the calculations the integrals

| o1t =gy, | DHDAt=%, f@fﬂ@jdt:%i]: )

appear, where @; is one of the basic functions mentioned and H the
Hamiltonian of the problem. Among the integrals (1) % are determined from
the ionization energy of the corresponding atomic states and the %; are
calculated by the formula of WOLFSBERG and HELMHOLZ

Hai + %n
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In this expression.F means a correction parameter which was determined by
the calculations concerning the complex of Me=Cr* so that the empiric
results are-obtained in the best possibie manner and the complexes mentioned
in §1 were calculated with the F values mentioned. The overlap integrals
Gy of the group were determined by means of a previously used approxima-
tion [7] assuming a uniform bond intervall 2,00 A between the central ion
and the C atom of the radical.

With the procedure briefly described above three different calculations
were carried out. In all three calculations the atomic orbitals mentioned were
taken “into account. :

(a) Taking the three 2p orbitals of the atom C among the orbltals of
the radicals into account we -have altogether 27 orbitals. In the functional
space of these 27 atomic orbitals the representatron of the group O can be
decomposed in form

Tor=2A1,+2E,+ Tiy+ 3 Tuu+2Toy+ Tou 3)

(as regards denotation see e. g. [8]). The calculations relating to Me = Cr3+
show that acceptable results can be obtained if the parameter F has the
following values

2,20 for ¢ bond 1
2,65 “for sz bond. Q)

The transitions obtained in this manner are collected in cm-! in the columns
a of the Table.

(b) Among the orbrtals of the C atoms of the radrcals only taking the
orbital 2po into account we have 15 atomic orbitals. The adequate represen-
tation of the O, group in the 15 dimensional functional space can be de-
composed in the form

5=2A1g+2Eg+2Tlu+ T2g- o - (5)
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As in this case only o bonds appear for -the corresponding value of the

parameter F in (2)

F=

2,20

©6)

can be used The number of the transitions obtained in this manner decreases» ‘
and are summarized in the column b of the Table. .

Table
Mn3+ Fe3+
a b ¢ d a b ¢ d
7340 9370 5600 7500 9130 5000
12750 14840 : 16940 15200 ~
16701 17440 - 19240 | 18430 |-
, 25800 . | 21530 20880
28000 : 30070 | (27000) 23560 - 23740
20690 30630 30500 24450 .| 24450 | 24650 24000
33160 1 (33000) 27430 | 28600 | 25240 (25000)
33400 | . - -+ 31710 - .| (31000)
37030 |. 37030 . (37000) 36150 : 33000
44700 | 44700 | 40430 41000 - 39210 39210 39000
46750 | 46750 | - - 46000 46310 45500 -
i Cod+
a . b * c d
7580 7750 6340
: 9080
- 10890
- 15010
18500 18510
24290 122740
A —_ 25220 (25000)
31140 30170
34530 : 32000
42120 | 42120 38500
46150 | 46150 50000

(c) Finally, the orbitals 250 and 2po of the C atoms of the radicals
were considered. -In this case we have 21 atomic orbifals. The corresponding
21-dimensional representations of the O, group can be decomposed in, the
followmg form

FQI_':. 3A1£, —I— 3Eg —F 3 Tln + T2g'-
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Now again only the ¢ bonds play a role but they have now increased in
number. For F a value below that of (6) must be taken. According to the
calculations concerning Me = Cr®+ the value

- F=1,50 (8)

seems to be the best. The transitions yielded by these calculations are
summarized in the columns ¢ of the Table.

§ 3. Discussions

On the Table it can be seen that in the case of the results of the cal-
culations (b) the transitions corresponding 'to middle wave numbers (about
30.000 cm~!) are missing, whereas in the case of the results-of the calcula-
tions (c) the transitions of the higher wave number (about 40.000 cm-!) are
lacking. Thus the neglecting of the 2p orbitals (calculation (b)) causes the
elimination of the transition of middle wave number. If the orbitals 2s are
taken into consideration (calculation (c)) the transitions of middle wave
number appear again but the transitions of higher wave number are shifted
from the measurable range. Column d of the Table contains the empiric
data [9]. The values in brackets show the localization of the inflection points
of the absorption curve, the rest of the data that of the maxima of the curve
in cm~l. Owing to the observations the complexes in the range 10.000—
20.000 cm-' are highly transparent, in spite of this in this range the occur-
rence of bonds cannot be experimentally ruled out. _

Finally, it can be established that the best yesults are yielded- by the
calculations (a). Thus the 2s orbitals of the radicals are of secondary
importance as compared with that of the 2p orbitals. :
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HUCCJEAOBAHHMS MTPAIOIIHNX BAXKHYIO POJIb ATOMHbBIX OPBHUT
JIMTAHAOB KOMIIJIEKCHBIX HMOHOB

&. M. Turde
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KoBaJieHTHEIE CBSI3bI KOMIIJIEKCOB MEPeXO/HbiX METa/0s oépasy}/OTcﬂ d-3/1eKTPOHAMH
IIEHTPAJILHOTO HOHA H BHEILIHUMHM 3JIEKTPOHaMy Janranfgos. C MMOMOIIGI0 MOJYIMIHPHYECKOF(
Meroga MO-JTIKAQ 6nuto McesenoBano, Kakve OPOUTH JIMCAHAOB NOMXKUB GbiTh PacuHTaHBL.
Ilo pacueraMm 2peo-op6uThl OKa3LiBalOTCS HoJiee BaxKHBIMU, a 2pT-OPOMTHI TakkKe He MOTYT
6LITE OCTaBJeHLl Be3 BHHMaHus. Poay 2s-0pGHT hie CyILecTBEHHH.



