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ABSTRACT

Magnitude of contribution of AOs and contribution of electron in each occupied molecular
orbital of cobaltocene and nickelocene based on eigenvalues, eigenvectors and population
analysis have been studied. The 3D structure of both cobaltocene and nickel ocene were drawn
on workspace software associated with CAChe and their geometries were optimized with DFT
method. The evaluation of eigenvalues, eigenvector and other parameters were done by using
molecular mechanics with EHT option. The study has concluded that the first eight MOs in
cobaltocene and nickelocene have contribution from 2p, orbitals of carbon of CsHs and 3d
orbitals of metal. The total involvement in respect of bonding between CsHs and the metal
orbitals as derived from coefficient value is 22.346 in cobaltocene and 23.5716 in nickelocene.
The population analysis shows that only 2p, orbitals of carbon of CsHs and 3d orbitals of metal
provide electrons to MOs of cobaltocene and nickel ocene.

Keywords: Cobaltocene, Nickelocene, atomic orbital, molecoldital, eigenvector, eigenvalue
and population analysis.

INTRODUCTION

In the last decade, there has been a phenomerah@went in theoretical inorganic chemistry
[1, 2], much faster computers are available andneeraial programs incorporating the latest
methods have become widely available and are capzbproviding more information about
molecular orbitals (MOs), with a sample input oenfical formula. The focus of attention has
been on computational transition-metal chemistry4[3 This is largely due to the successful
employment of gradient corrected density functidhabry in calculating molecules, particularly
of the heavier atoms [5-8] and in the use of smaié relativistic effective core potential [9-11]
which set the stage for calculation of geometiesid energies, and chemical reaction and other
important properties of transition metal compoundgh impressive accuracy [8, 12].
Application of molecular mechanics to organometglli3, 14] and transition metal compounds
is growing [15]. Molecular orbital parameters sumh eigenvectors, eigenvalues and overlap
matrix are well calculated with this method. Insthpaper | present the calculations of
eigenvectors, eigenvalues and population analyistolaltocene and nickelocene, in order to
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study the extent of contribution of 3d, 4s and 4pital in the formation of MOs. Such a
guantitative study will provide correct informatiabout the involvement of 4p orbital of cobalt
and nickel in bonding will help to resolve the aonersy raised by other workers [16-20].

MATERIALS AND METHODS

The study materials of this paper are cobaltocerke rackelocene. The 3D structure of both
cobaltocene and nickelocene (Figure 1 and 2) wesrd on workspace software associated
with CAChe and their geometries were optimized WidkT method. The evaluation of
eigenvalues, eigenvector and other parameters dare by using molecular mechanics with
EHT option. The method adopted for various calcoihet is based on following principles.

The molecular orbitals are formed by the linear boration of basis functions. Most molecular
guantum-mechanical methods (such as- SCF, Cllegin the calculation with the choice of a
basis functiong,, which are used to express the M@Pasq@ =X G; y (c = coefficient ofy, r is

the number of atomic orbital, i = molecular orbiteimber). The use of an adequate basis set is
an essential requirement for the calculation. Tagdfunctions are usually taken as AOs. Each
AO can be represented as a linear combination efasmmore Slater-type orbitals (STOs) [15,
23, 24]. Each molecular orbitglis expressed ag = X G x, where, theysare the STO basis
functions. Here we use the STO-6G basis set (whicbhntracted Gaussian) [25-28] for the SCF
calculation.

The coefficients in linear combination for each emilar orbital being found by solution of the
Roothaan equation [29]. By the above calculatibe, talues of orbital energies (eigenvalues)
and eigenvectors (coefficients) have been caladlate

A widely used method to analyze SCF wave funct®mpopulation analysis, introduced by
Mulliken [30, 31]. He proposed a method that appos the electrons of an n-electron molecule
into net population in the basis functiong and overlap populations_gfor all possible pairs of
basis functions. With the help of these values, mitage of contribution of atomic orbital (AO)
and population analysis i.e., contribution of electhave been made.

Figure 1: Structure of Cobaltocene
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Figure 2: Structure of Nickelocene.

RESULTS AND DISCUSSION

The MOs of cobaltocene and nickelocene are fornyelihbar combination of fifty AOs of two
CsHs units and nine orbital of cobalt or nickel. Tfity-nine AOs (1 to Xs9) on LCAO
approximation for fifty-nine MOsd to @sg). These AOs arg; to Xaofor 2s, 2R, 2p,, 2p, of 1C

to 10C;Xa1 t0 Xaofor 4s, 4p, 4p,, 4p, 3dX-y?, 3dZ, 3dxy, 3dxz, 3dyz of 11M; angk, to Xso for
1s for 12H to 21H, respectively. Where, M = Co axidfor cobaltocene and nickelocene,
respectively. The 2s and ,2[2p, orbitals of each carbon atom ofH units are involved in the
formation of 0 bond between C-C and C-H. The orbitals involvedsitbond are not of our
interest, hence shall remain out of discussion.Zfherbitals of ten carbons [32] and nine orbitals of
cobalt or nickel i.e. in total nineteen orbitals eglevant to our discussion in respect of bondetg/een
cobalt or nickel orbital and 2prbital of GHs . These atomic orbitals ap@, Xs, X12, X16, X20, X24s
X28, X32, X36 and 4o Of carbon ands1-49 Of cobalt or nickel. The coefficients [23, 33] thfese
orbitals are the eigenvector valuesxof They express the forms of molecular orbital ite
extent of involvement gf in the formation ofp.

We know that there are fifty-nine MOsgpy to @9 for both cobaltocene (Scheme-1) and
nickelocene (Scheme-2). The eigenvalues of MO®bélktocene are -1.1027, -1.0916, -0.9068, -
0.9022, -0.8721, -0.8670, -0.6877, -0.6820, -0.670.6779, -0.6064, -0.6014, -0.5610, -0.5479,
-0.5443, -0.5355, -0.5234, -0.5171, -0.5110, -03%509.5079, -0.5073, -0.4935, -0.4798, -

0.4753, -0.4716, -0.4627, -0.4495, -0.4374, -0.3908583, -0.2812, -0.2718, -0.2345, -0.2311,
-0.0875, -0.0530, 0.0158, 0.0917, 0.0954, 0.119219¥, 0.2847, 0.2875, 0.2982, 0.3228,
0.3621, 0.4308, 0.4363, 0.4550, 0.5015, 0.7388K00,71.0022, 1.0718, 2.0412, 2.0771, 2.2583
and 2.2719, respectively. Where as the eigenvaib®Es of nickelocene are -1.1902, -1.0928,

-0.9118, -0.9043, -0.8786, -0.8681, -0.6920, -0169®.6799, -0.6792, -0.6101, -0.6043, -

0.5547, 0.5477, -0.5462, -0.5287, -0.5260, 0.520.%163, -0.5139, -0.5124, -0.5095, -0.5021, -
0.5005, -0.4801, -0.4753, -0.4718, -0.4471, -0.44083764, -0.3307, -0.2742, -0.2460, -0.2322,
-0.2296, 0.0713, 0.0922, 0.1114, 0.1387, 0.159671%, 0.1913, 0.2601, 0.2791, 0.2802,

0.4072, 0.4080, 0.4305, 0.4311, 0.5372, 0.74247880.9106, 1.1110, 1.9357, 2.0230, 2.2459,
2.2539 and 4.2942, respectively.
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Scheme-1: Structure of Molecular orbitals of Cobalbcene

301
Scholars Research Library



Gayasuddin Khan Arch. Appl. Sci. Res., 2011, 3 (2):297-310

MO-1 MO-2 MO-3 MO-4 MO-7 MO-8

MO-9 MO-10 MO-11 MO-12 MO-15 MO-16

MO-17 MO-20 MO-23

MO-31 MO-32

MO-25 MO-27 MO-28

MO-38 MO-39 MO-40

MO-33 MO-34 MO-35 MO-36 MO-37

Scholars Research Library

302



Gayasuddin Khan Arch. Appl. Sci. Res., 2011, 3 (2):297-310

MO-41 MO-42 MO-43 MO-45 MO-46 MO-47 MO-48

MO-50 MO-51 MO-52 MO-53 MO-54 MO-55 MO-56

Scheme-2: Structure of Molecular orbitals of Nickebcene.
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In cobaltocene and nickelocethe first eight MOS i.e.@3.28 @30; @31 aNd @327, @30-31 @35, have
contributions from 3d orbitals and the remaininglwe molecular orbitals i.eqs.35 M1-47 (ue-

47, ©50-53 Gs4-55 @6 aNdPze-a6 Qi2-43 Gs0; Gs2-54 @59 have contributions from vacant 4s, 4p orbitals
of the of the cobalt and nickel atoms, respectivétyexamine the extent of involvement of AOs
of constituent atoms in the formation of MOs, tladues of coefficient of each orbital have been
added to see the total involvement in all the tyweviOs. The summation values of 3ei,
3dZ, 3dxy, 3dxz, 3dyz, 4s, 4p4p,, and 4p of cobaltocene are 1.4437, 1.5086, 1.9817, 1.6596,
1.8055, 4.4247, 2.5598, 2.9101 and 4.0523, reyadgtand that of nickelocene are 1.2035,
1.3756, 1.0546, 1.6351, 1.7788, 3.0439, 4.5858146.%nd 3.9529, respectively. While, the total
involvement of 2p orbitals of ten carbon atoms of both the unitCeifls of both cobaltocene
and nickelocene and their summation values are9B,429282, 0.7761, 2.4908, 1.0034, 1.0322,
0.7443, 0.4953, 1.0411, 1.0274 and 1.0732, 0.76¥232, 1.3578, 1.2047, 0.3096, 0.7419,
1.0795, 0.9571, 1.1836 for 1C to 10C, respectivEhe graphical representation of involvement
of 3d, 4s, 4p orbital of cobalt and nickel, and iteolvement of 2pof ten carbon atoms of both
the units of GHs in cobaltocene and nickelocene are shown in iiperéd=3 and Figure 4
respectively. Note that the orbitals having eigetwe values above 0.22 have only been
considered. Figure 3 clearly indicates that 4s 4pdorbital of cobaltocene and nickelocene,
respectively has the maximum involvement out ofa#isl 4p orbitals, while 3dxy and 3dyz
orbital has the maximum involvement out of 3d alsit The sequences of these two series are 4s
> 4p,> 4p,> 4p, and 3dxy > 3dyz > 3dxz > 38z 3dxX-y” for cobaltocene, and ¢p 4p.> 4p,>

4s and 3dyz > 3dxz > 3tz 3dxX-y* > 3dxy, for nickelocene. Figure 4 clearly indicathat 2p
orbitals of 4C of both cobaltocene and nickelocbage maximum involvement out of 2p
orbitals of ten carbon atoms. The sequences oétbadon atoms are 4C > 1C > 9C > 6C > 10C
>5C > 2C > 3C > 7C > 8C for cobaltocene, and 4&>> 10C >8C > 1C >9C >2C > 7C >
3C > 6C for nickelocene.

summation values of eigenvectors of metal orbitals

summation values of
eigenvector value

0 T T
4s 4px 4dpy 4pz  3dx2-y2 3dz2 3dxy 3dxz 3dyz

metal orbital

—e— for cobaltocene —s— for nickelocene

Figure 3: Trend of summation values of eigenvectgrof metal orbitals.
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summation values of eigenvectors of 2pz orbitals of carbon atoms

summation values of
eigenvector value
[E=Y
al

1C 2C 3C 4C 5C 6C 7C 8C 9C 10C

carbon atom

—e— for cobaltocene —s— for nickelocene

Figure 4: Trend of summation values of eigenvectorsf 2p, orbitals carbon atoms.

The above study clearly indicates that in cobaltec@dxy and in nickelocene the 3dyz orbital
has the highest involvement. The total involvenard orbitals of cobaltocene is 8.3991 and of
nickelocene are 7.0476. Since, the total involvanoérthese orbitals in cobaltocene is more as
compared to nickelocene, hence cobaltocene is stal#e than nickelocene. The involvement
of 4s and 4p orbitals also differ in the two cadescase of cobaltocene 4s orbital has the
maximum involvement but in nickelocene y4pas the maximum involvement. The total
involvement of these orbitals (4s,.4@p,, 4p,) in cobaltocene is 13.9469 and in nickelocene is
16.5240. Thus, the total involvement of these afbiin nickelocene is more as compared to
cobaltocene. The total involvement of coefficient2p, orbitals of ten carbon atoms of both the
CsHs  units in twenty MOs of cobaltocene and nickelecare 10.9881 and 8.9905 respectively.
The comparison of the involvement of coefficient2p, orbitals clearly indicates that the total
involvement of carbon atom of cobaltocene is mé@ntthe involvement of carbon atom of
nickelocene. So cobaltocene is more stable thdelncene.

The eigenvalues of fifty-nine MOs of cobaltocemel aickelocene are described as above, out
of which | shall discuss only twenty MOs of eacheTirst eight MOs of both the molecule are
formed by various 3d orbitals of metal and, 2pbitals of GHs . These orbitals are the most
stable orbitals between metal and @pbitals of GHs . The contributions of 3d orbitals of metal
and 2p of carbon in the formation of these MOs are désctias below:
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Cobaltocene

623 = 0.261Q16+ 0.250 K45+ 0.473Kas+
02664(47_ 02327(48
(P 0.5537(45_ 0.418&47"‘ 0278:k4g

@25 = 0.521& 46+ 0.303X 45+ 0.57 1Ko

(26 = — 0.265R 45— 0.528 K47+ 0.371Kas
— 0.303%4g

€7 = — 0.328Kg— 0.246 15+ 0.27161s
+0.236%24+ 0.293X4;

(5 = — 0.2825,+ 0254815+ 0.283654
+ 0.275% 25— 0.236X 35— 0.233%,4, +
0.229% 4

a0 = 0.2898,— 0.275(5+ 0.2474(50+
0.2533(24_ 0.264&32"’ 0513:k46 -
0.2416(s7— 0.39984¢

(31 = 0.283%, + 0.365%5— 0.285% 15—
0.2495(50+ 0.2476s+ 0.374K 45 +
0.352%45— 0.422%4g

Nickelocene

¢23=—0.41794s5

Cos = — 0.384&47"‘ 04986(48
(25 = — 0.523% 45+ 0.336%s6+
0.2396(s5— 0.278% sc

26 = 0.740846+ 0.494 a0

G = 0.6697(47"’ 02358(49

@30 = 0.329%4— 0.323%1,+ 0.30964—
0.321%32+ 0.230(40+ 0.297K45 —
0.4786(13—0.352K 4

@a1= 0.27784+ 0.358%g— 0.321%»0+
0.356%25+ 0.294K3,— 0.325%36 +
0.418% 45— 0.417&ue

@25 = — 0.466¥4+ 0.401(g— 0.251%1¢
+0.3856(20+ 0.3854(,5— 0.463%, +
0.4048 35— 0.289% 40+ 0.2624 45

The next twelve MOs are formed by interaction of4}s, 4p, and 4p orbitals of metal and 2p
orbitals of carbon. These MOs are comparatively tgable and the contribution of various AOs
in the formation of these MOs is presented below:

Cobaltocene

(36 = — 0234&8*’ 0.2304(32—
0.3346(4,— 0.9288 4>+ 0.407X 44
Cz7 = — 0300&4"’ 0.241&16"’
0.221%5— 0.325%41+ 0.877Kas—
0.565%44

(3 = 0.283%36— 0.618&4; +
0.269X4

a1 = 0.2925,+ 0.547 K16+
0.284% 50+ 0.3195(4; + 0.362643+
0.48234,

42 = — 0.314§ 41— 0.354% 45—
0.347%4s

a6 = — 0.258Q 4+ 0.286(K36—
0.276%41+ 0.3026(so+ 0.300% 44
€47= — 0.374% 16— 0.332%a1—
0.268%45— 0.291K 44

0= — 0.273R16+ 0.223%40—
0.723%41— 0.2913 43— 0.379444
@s51= 0.577X40— 0.574K 4 +
0.531%42+ 0.341% 45+ 0.787 X4
@sa = 0.221&20"’ 0-2354(36-'-
0.22740— 0.238Q4— 0.294% 43—
0.222% s

(s5 = 0.373& 41— 0.288% 4, +
0.3874s

@56 = 0.2369K16— 0.2297X41

Nickelocene

a6 = 0.300% 40+ 0.503 %4+ 0.556F 43—
0.272% s

Qa7 = — 0.2255,0— 0.40884,— 0.32544,+
0296045

@35 = 0.673% 41+ 0.2423,4,— 0.369% 43

@30 = 0.2264(35+ 0.756%4,+ 0.386&43—
0.326%K44

a0 = — 0.423% 16— 0.247 K41+ 0.220Kso—
0.37064

4 = 0.272%16— 0.348F4o— 0.3318us
q:43 = 0697¥42— 0747(X43

0= — 0.4095(16+ 0.364Q49—1.0725%41
¢52 =- 0308&42_ 0244¥43

(s3 = — 0.272% 20+ 0.3020(4,— 0.2283 44

(sa = — 0.642%41+ 0.437F4,— 0.563343

(59 = — 0443&42—1076&43—31256(44
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A comparison of eigenvalues of cobaltocene andehdene shows that most stable orbitals
formed between 3d orbitals and, apbitals are eight in cobaltocene and in nickebecelhe
energies of these orbitals are in the range 0©3b40 -0.3583 eV and -0.5021 to -0.2296 eV for
cobaltocene and nickelocene, respectively. Thedtdde orbitals are twelve in both the cases.
The energies of these orbitals are in the ran@87®.to 2.0412 eV in cobaltocene and 0.0713 to
4.2942 eV in nickelocene. The energy of the fir€D Mr in other word the most stable orbital in
cobaltocene is -1.1027 and in nickelocene -1.1902d¥ energy of highest occupied molecular
orbital (HOMO) is —0.3906 eV in cobaltocene, and3764 eV, in nickelocene. The MO is"8o
of both respectively.

Population analysis:

The contribution of electrons in each occupied M@alculated by using the population analysis
method introduced by Mulliken [30, 31]. This methagdportions the electrons of n-electron
molecule into net population m the basis functio,. Let there be jrelectrons in the molecular
orbital @ (n= 0. 1, 2) and letirsymbolize the contribution of electrons in the MQo the net
population inx, we have

M= N Giv...... [1]

where ¢ is the coefficient of atomic orbital for th8 MO (r—1 = 30) in cobaltocene and (r = 30)
in nickelocene. Equation-1 has been solved foy-fifhe electrons of thirty MOs in cobaltocene
and sixty electrons of thirty MOs in nickeloceneack MO has two electrons in nickelocene
whereas in case of cobaltocene th® 80D has one electron. The coefficient of atomicitatbs
[29] i.e. Giis the eigenvector value. The orbitals having eigetor values above 0.22 have only
been considered. Our interest is only in eight M&3s30 in cobaltocene and nickelocene; we
have solved equation-1 for these orbitals only.iBWMIOs 1-22, only 2s, 2pand 2p electrons of
carbon have their contribution in the formationMd®s of cobaltocene and nickelocene; hence
they are not of our interest. For cobaltocene ackkefocene the results of solution of equation—1
for MOs 23-30 is given below:

307
Scholars Research Library



Gayasuddin Khan

Arch. Appl. Sci. Res., 2011, 3 (2):297-310

Cobaltocene
MO X AO Cii Ny MO X AO Cii Ny
23 16 4C-2p 0.2610  0.13624 28 4 1C—2p 0.2825 0.15961
45 11Co-3d%y?>  0.2507 0.12570 12 3C—2p 0.2548 0.12984
46  11Co-3dz 0.4737  0.44878 24 6C—2p 0.2836 0.16085
47  11Co-3dxy 0.2664  0.14193 28 7C-2p 0.2755 0.15180
48  11Co-3dxz 0.2327  0.10829 34 9C-2p 0.2290 0.10480
24 45  11Co-3dxy? 0.5537 0.61316 36 9C—2p 0.2362 0.11158
47  11Co-3dxy 0.4186 0.35045 47 11Co-3dxy 0.2330910941
49  11Co-3dyz 0.2781 0.15467 49 11Co-3dyz 0.229710552
25 46 11Co-3dz 0.5218 0.54455 29 34 9C~2p 0.2557 0.13076
48  11Co-3dxz 0.3033 0.18398 38 10G—2p  0.3190 0.20352
49  11Co-3dyz 0.5717 0.65368 39 10G-2p  0.3829 0.29322
26 34 9C-2p 0.2568 0.13189 40 10C—2p 0.3061 0.18739
45  11Co-3d%y? 0.2652 0.14066 48 11Co-3dxz 0.2946 0.17357
47  11Co-3dxy 0.5281 0.55777 30 4 1C~2p 0.2899 0.08404
48  11Co-3dxz 0.3717 0.27632 12 3C~2p 0.2750 0.07562
49  11Co-3dyz 0.3035 0.18422 20 5C~2p 0.2474 0.06120
27 8  2C-2p 0.3281 0.21529 24 6C—2p 0.2537 0.06436
12 3C-2p 0.2463 0.12132 32 8C—2p 0.2649 0.07017
16  4C-2p 0.2716 0.14753 46 11Co-3dz 0.5131 0.26327
24  6C-2p 0.2369 0.11224 47 11Co-3dxy 0.2416 0.05837
47  11Co-3dxy 0.2931 0.17181 48 11Co-3dxz 0.399615968
Nickelocene
MO X AO Cii Ny MO X AO Cii Ny
23 45  11Ni-3d%y? 0.4179  0.34928 24  6C—2p 0.4088  0.33423
24 47  11Ni-3dxy 0.3849  0.29629 28 7Cr2p 0.2304 0.10616
48 11Ni-3dxz 0.4986  0.49720 36 9Cz2p 0.3089  0.19083
25 45 11Ni-3d%y’ 0.5232  0.54747 29 8 2C—2p 0.4179  0.34928
46 11Ni-3dZ 0.3369  0.22700 16 4C—2p 0.2561  0.13117
48 11Ni-3dxz 0.2396  0.11481 20 5Cz2p 0.2707  0.14655
49  11Ni-3dyz 0.2782  0.15479 28 7Cz2p 0.3600  0.25920
26 46 11Ni-3dz 0.7408 1.09756 40 10C—2p 0.3209  0.20595
49  11Ni-3dyz 0.4949  0.48985 30 4 1Cy2p 0.3293  0.21687
27 14 4C-2p 0.2444  0.11946 12 3C-2p 0.3232  0.20891
39 10C-2p 0.2367 0.11205 24  6C-2p 0.3096  0.19170
47  11Ni-3dxy 0.6697  0.89699 32 8Cy2p 0.3219  0.20723
49 11Ni-3dyz 0.2358  0.11120 40 10Cy2p  0.2300 0.10580
28 4 1C-2p 0.2818  0.15882 46  11INi-3dz  0.2979 0.17748
12 3C-2p 0.3050  0.18605 48  11Ni-3dxz 0.4786  0.45811
20 5C-2p 0.2252  0.10143 49  11Ni-3dyz 0.3521  0.24794

The above data very clearly indicate that only @pital of carbon of gHs and 3d orbitals of
cobalt or nickel provide electrons to MOs of cobe#tne and nickelocene. However, it is
prominently noticeable that electrons are provittedch different orbitals in the cobaltocene and
nickelocene, and their;ralso differs.

CONCLUSION

The eigenvalues and eigenvectors of cobaltocenan@kdlocene show that the first eight MOs
in cobaltocene and nickelocene are formed by vardi orbitals of metal and 2prbitals of
carbon of GHs , these orbitals are the most stable MOs. Thetwekte MOs in ferrocene and
of nickelocene are formed by interaction of 4sodiptals of metal and 2mrbitals of carbon of
CsHs , these MOs are comparatively less stable. Inltcoeae the 3dxy orbital out of 3d
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orbitals and 4s orbital out of 4s, 4p orbitals obalt has maximum involvement which is in the
order 3dxy > 3dyz> 3dxz > 38z 3dxX-y*and 4s > 4p> 4p, > 4p. Whereas in nickelocene the
3dyz orbital out of 3d orbitals and @prbital out of 4s, 4p orbitals of nickel has maum
involvement which is in the order 3dyz > 3dxz > 3dBdx-y* > 3dxy and 4p> 4p > 4p, > 4s.
The total involvement in respect of bonding betwé€ghs and the metal orbitals as derived
from coefficient value is 22.346 in cobaltocene andnickelocene are 23.5716. The total
involvement of 3d, 4s, 4p orbitals of metal and @gbitals of ten carbon atoms of both the units
of CsHs in ferrocene and nickelocene, respectively are &3l3and 32.135. The most stable
MOs have their energies in the range -0.4935 ®6€B eV in cobaltocene and the range -0.5021
to -0.2296 eV in nickelocene. In cobaltocene thergy of most stable MO is -1.1027eV and
highest occupied molecular orbital is -0.3906 aVnickelocene the energy of most stable MO is
-1.1902 eV and highest occupied molecular orb#ali3764 eV. The population analysis shows
that only 2p orbitals of carbon of €4s and 3d orbitals of metal provide electrons to MfDs
cobaltocene and nickelocene.

Acknowledgement:The paper is dedicated to my father. | am thankfuhy brother, Ziyauddin
Khan, Research Scholar, lIT-Guwahati, for valuahlggestions.

REFERENCES

[1] FA Cotton, G Wilkinson, PL Gaus. Basic Inorganice@tistry, 3rd ed., Wiley and Sons,
Asia, 2001,pp 667.

[2] S Girolami, TB Rauchfuss, RJ Angelici. Synthesis &mchnique in Inorganic Chemistry,
CA: University Science Books- Mill Valley,999.

[3] ER DavidsonChem. Rev. 2000 100, 351.

[4] ER DavidsonChem. Rev. 1991, 91, 649.

[5] RF Nalewajski. Topics in current chemistry, Ed.,idétberg: Berlin: Springer-Verlag,
1996 pp 180.

[6] RG Parr, W Yang. Density Functional Theory of atcamsl molecules, Eds., New York:
Oxford University Press]989.

[7] J Labanowski, J Andzelm. Density Functional Methad<hemistry, Eds., Heidelberg:
Springer-Verlag,1991.

[8] T Ziegler, Chem. Rev199], 91, 651.

[9] L Szasz. Pseudopotential Theory of Atoms and Mdex;uNew York: J. Wiley & Sons,
1986

[10] M Krauss; WJ Steven#&nn. Rev. Phys. Chem. 1984 35, 357.

[11] P Durand; JP MalrielAdv. Chem. Phys. 1987, 67, 321.

[12] TR Cundari, MT Benson, ML Lutj, SO Sommerer, Revdew Computational Chemistry,
KB Lipkowitz, DB Boyd, Eds.; VCH: New Yorkl1996,8, pp145.

[13] RC Mehrotra, A Singh. Organometallic Chemistry, &yiEastern Ltd1992 pp 247.

[14]IN Levine Quantum Chemistry™sdn., New Jersey: Prentice H&000,pp 664.

[15] DA Cleary; AH Francis). Phys. Chem. 1985 89, pp 97.

[16] PK Byszewski; E Antonova; J Kowalska; RadomskaaidaB,Chem. Phys. Lett. 200Q 323,
pp 522.

[17] C Elschenbroich, A Salzer. Organometallics, VCH:ivkeim, 1991.

[18] G Wilkinson; PL Pauson, FA CottodiAm. Chem. Soc. 1954 76, pp 1970.

[19] JH Schachtschneider; R Prins; P Rosrg. Chim. Act. 1967, 1, pp 462.

[20] ER David Chem. Rev. 2000,100, pp 351.

[21] www.CACheSoftware.com

[22] www.fgspl.com.pl

309
Scholars Research Library



Gayasuddin Khan Arch. Appl. Sci. Res., 2011, 3 (2):297-310

[23] E Clementi; C Roctti, At Data Nucl. Data TablE¥74 14, ppl77.

[24] RS Mulliken.J. Chem. Phys. 1955 23, pp 1833.

[25] CF Bunge, At. Data Nucl. Data Taldle93 53, pp 113.

[26] CF BungePhys. Rev. 1992 46, pp 3691.

[27] S Wilson.Adv. Chem. Phys. 1987, 67, pp 439.

[28] ER Davidson; D FelleiChem. Rev. 1986 86, pp 681.

[29] D Feller, ER Davidson, Reviews in computationalralstry, Vol.1, Lipkowitz. K. B and D.
B. Boyd, Eds., VCH1990.

[30] RS Mulliken,J. Chem. Phys. 1945 17, pp1248.

[31] AE Reed, RB Weinstock, F Weinholdl,Chem. Phys. 1945 17, pp 1248.

[32] PP Singh, RN Verma, Gayasuddin Khamrg. Chem. A. I. J. 2007, 2(3), pp 173.
[33] IN Levine. Quantum Chemistry, 5 Eds., New JersBysntice HalR00Q 426.

310
Scholars Research Library



