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1. INTRODUCTION

The behaviour of the thiocyanate ion is unusual from some points of view.
In particular it is capable of forming chemical bonds through either the nitrogen
atom or the sulphur atom. Such behaviour is common to organic and inorganic
compounds.

Recently studies on transition metal compounds where the thiocyanate
group often occurs as a ligand, have indicated that the preference towards sulphur
or nitrogen bonding depends upon the nature of the central metal ion, and upon
the nature of the other ligands®'2.

Structural investigations®~® show that whilst the ion itself is always linear,
the metal-ligand bond angle is different in the two cases. With nitrogen bonding,
the metal-ligand bond angle is around 180°, whilst with sulphur, the metal-ligand
bond angle is about 100°. It is clear from the angles involved, that with sulphur
bonding, the orbitals of the ion which participate are essentialily those of the = type
in the free ion, whilst with nitrogen bonding the principal orbitals involved are
those which are o in the free ion. It is evident that the bidentate naiure of the ion
results in a competition between the o and 7 orbitals to be involved in the chem-
ical bond.

Another interesting characteristic of the thiocyanate ion occurs in its transi-
tion metal complexes. In such complexes an absorption band occurs near 30,000
10 38,000 cm . Such a band does not occur in the free ion, and is independent of
the mode in which the hgand is bound.

These bands are definitely charge transfer in nature since they are independ- .

ent of the central metal ion and its oxidation state”. It is very likely that the bands
derive from a transition which is forbidden in the free ion, but becomes allowed
_when the ion is bonded. We feel that a study of the electronic structure of the free
ion will be useful in explaining both the spectral properties, and the bidentate

* pature of the ion. :
This is the aim of the present work in which we conduct a seml-empmcal o

: quantum mechamcal calculatlon. ;
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-2, Mlsi'ubb OF CALCULATION

s
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‘We have used the S.C. F—L C.A.O. molecular orbltal theoryB i and have-
taken into account both ¢ and © molecular orbitals.

The approximations introduced are almost the same as those used by Panse1 B

and Parr in their study of unsaturated hydrocarbons10 1, namely:
a) All integrals of the type

1Dz v, o .

where x, and y, are atomic orbitals on different atoms, have been put equaitozero
- (““differential overlap approximation®’).
~b) In place of the integrals:

U, = [ % 00372+ U350 do,
. |
p = f XP*(I)zp*(z) — xp(l)xp(Z) dvy du,

- f 2 (1)14*(2) — D) doy v —
3 J xp*(l) Xa (2)—7.,(1);:,,(2) doy dv, 2

we have used semi-empirical quantmes which correctly give the energies of the
various valence states' for each atom.

¢) We associate with each s orbital a uniformly charged sphere,: and to each p
orbital, two tangential uniformly charged spheres. From a calculation of the resul-
tant electrostatic repulsion energy, we have estimated the values of the two centre
Coulomb integrals. The radii of the spheres have been so chosen that the values of
- the Coulomb integrals calculated therefrom are the same as the semi-empirical
values of the one centre g,, integrals when R, the dxstance between the two centres,
approaches zero. - -

d) Integrals of the type

Hy = [ 2 OHanD1D) doy = g - 3

(¢, and g, are atomlc orbltals on dlﬁ'erent atoms) are evaluated acrordmg to the :

following expression:* 7

Bop = M, 15, U @

in whxch I, and I, are the x,, nd X ionisation potentlals respectlvely, when the

atoms are in the valence state; S,, is th.. overlap mtegral
‘e) The penetratlon mtegrals o . .
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(whlch represent the potentxal energy of the orbital xp on atom A in the ﬁeld UB ,
_of the r:eutral atom B) are evaluated in such-a manszer that they correctly repro-

. duce the. dissociation energies of the molecules CS and CN. The following atomic

~ orbitals are used as a basis to construct the molecular orbitals (the orbitals ,

xs(3p,), xC(Zp,,), 1n(2p,) have the same orientation along the z axis.. This axis
passes through the S, C and N atoms, the nitrogen atom bemg on the positive
side):

'Slllphlll': Zs(3s), Xs(3Pa), Xs(31’z+), Xs(3Pn_)
Carbon: xd(2s), Xc(2P.), xc(2P="): x2p.") (6)
NitrOgen: XN(ZS)’ XN(zpa)s ZN(ZP n+)s XN(ZP x—)

Assuming axial symmetry for the ion (C,,), we have the following molecular

orbitals:
a) six A, orbitals

Dors Dazs Poys Pows Pass Pas ‘ D
formed by the linear combination of the following ato_mi_c orbitals: "

4s(35), #s(3p,)> 1c(29)s X A2Ps)> 1n(25)s 7n(2D5) - ~ ®
b) six E4 orbitals

G b P P B B ©)

formed by the linear combination of the following atomic orbitals: ,
1sB0<)s (2P, xn(2p ") and xs(3p 7). x(2P=7), 4n(2P=7) (10)
The ground state wave function is - -
7, (z%) = A[(¢u'1)2(¢c2)2(¢a;)%(¢¢4)2(¢ V(P ) (¢g;)2 (92,71 (D

in which A denotes an anti-symmetric product.

3. RESU'L’!.'S AND CONCLUSIONS

~ We report in Fig.1 the energies of the various molccular levels as gwen by
: the roots of the secular equatxon. o :
The orbitals obtamed are the followmg
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P, = 0,243%5(35)4-0,179x5(3p,) +0, 653Xc(25)+0 168xc(2p,) 7
+ 0,637xn(25)—0,221xn5(2P,) - *

¢, = —0,598%5(35)—0,217xs(3p,)—0, 280)(C(2s)+0 555xc(2p,)
+ 0,452x,(25) +0,067xn(2P,)

¢a’; = 0147SXS(3 S) - 0: 297XS(3 D tr) - 0,247Xc(23) -0, 1447(c(2P a')
+ 0,418yn(25)+0,653xn(2p.) '

¢o‘4 = = 0344415(3 S) +O:646XS(3 D, a) + 0’084XC(25) - 0’370XC(2P a')
+ 0,161 n(25)+0,465x(2p.)

¢o’5 = 0,379Xs(35) - 0563 IXS(3PG) + 09557XC(2s) - 093 191C(2pcr)
— 0,097xn(25)+0,193)0(2p,)

¢as = 0: i 182(5(3 S) + 0’ 1 3415(3P o') + 05344XC(25) + 0a63 SZC(ZP c) (1 2)
— 0,4243n(25)+0,516xn(2P5)

¢ 1 = 0a38615(3p::+) + 03683XC(2p1+) + 0a6201N(2P n+)
@~ = 0,386xs(3p,")+0,6831c(2p,. ) +0,620¢n(2p. )
O = —0,870xs(3p™)+0,0465(2p ) +0,491xn(2p ™)

Pp, = —0,8.701s(3p")_+0,046xC(2p')+0,491xN(2p")
G = —0,307xs(351)+0,729%(2p ") —0,612x:(2p™)
¢ = —0,307%(3p7)+0,729%(2p ) —0,612¢5(2p7)

From these molecular orbitals we have calculated the charge distribution in the ion:
gs = 0.48 gc = 0.01 gn = 0.51 (13)

in good agreement with the values obtained from the resonance structures given
by Llewellyn H. Jones!* (obtained from an infrared study of KSCN)

gqs = 0.54 gc =0 gy = 0.46 (14)

The charge is almost equally distributed over the terminal atoms thus explaining
the bidentate nature of the ion. It is not possible to draw any conclusion about
the molecular orbitals in the chemical bond; it appears evident in fact, from these
results, that the alternatives of forming a chemical bond to nitrogen or to sulphur,
depends pr1nc1pally on the rearrangement of the electron dlstnbutlon which ac-
companies the formation of the bond. '

i - With regard to the spectral properties of the SCN group we consider
now only those electronic states of the SCN™ ion derived from the excitation

» =0 s%. One can, in such a case, construct four wave functions. We have
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Bgy ————— 1,86
104 . Fgg =~ —————=— 1001

Elev)| Dxr, —0  -572

<, —_—  -g&1
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~301

Py, ————-3529

Fig. 1. Molecular orbital energy levels for the thiocyanate ion.

not included in these, the part due to the orbitals ¢, and ¢,,* in as much as the
electron distribution for these orbitals is equal to that of the ground state. The
four wave functions are: '

10, . X .
v,('x%) = NG [A[(sbnf)’((ﬁnz")z((ﬁz,+)1]+A[(¢_zz*)‘(¢n’) (¢1:3—)1]]

?,(27) = % [A[(¢z2+)‘(¢u[)2(¢x,+)‘]—A[(¢nz+)2(¢x;)’(¢x,")1]]

i) = Al@r, V(P ) (@]

¥o('d) = AL, ") (@) (P71 as
in which the states described by the functions ¥3(14) and ¥,(*4) are degenerate,
and A denotes a singlet antisymmetrical product.

From the four possible transitions:

Po('Z?) » ¥,('Z%)

Yo('Z%) > w,('27)

Po('Z7) - P5('4)

Y,('Z%) - ¥, ('4) : , (16).
only the first is ailowed. :
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" The calculated energy for the allowed transition is 8.07 €V, equivalent to

65,100 cm ™. This result is in good agreement with the expenmental data in that
the absorption band of KNCS, in aqueous solution occurs above 50, 000 cm™?,

and in the solid occurs’ at 55,000 cm™!.

Of ths three forbidden transitions, we consider only »//0(12 ) = Y, (1Z7), the
calculated energy is 4.56 eV (36,800 cm™ ). From the above discussion it is evident
that this transition, though forbidden in the free ion may become allowed when
the thiocyanate ion is bonded to a metal, and may be responsible for the band
observed in this region in transition metal thiocyanates.

The interactions between the various excited configurations, and the allowed
transitions when the group is bonded to a metal atom, will be the subject of future

investigations.
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