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The potential energy surface of KCN has been generated by ab initio SCF calculations in the region of
equilibrium bond distances. An analytic representation of the surface is presented. The calculations show that
the bonding between K and CN is ionic, and that the structure of KCN is triangular, which confirms recent
experimental findings. The computed geometry is ZKCN = 62.4°, r o = 5.492a,, and r oy = 2.186a,,.

. INTRODUCTION

Until recently not much was known about the geometry
of the alkali cyanides. Experimental information was
scarce and inconclusive, and quantum chemical calcula-
tions were confined to lithium cyanide. -3 These calcu-
lations indicated that the two possible linear structures
LiCN and LiNC correspond to local minima on the'po-
tential energy surface, andthatthe surface is extremely
flat in the angular coordinate describing the orbiting
of the lithium atom around the cyanide. Furthermore,
the depths of the two local minima are hardly different:
recent MBPT (many body perturbation theory) studies?
show that LiCN is more stable than LiNC by an amount
of not more than 3. 9 kcal/mole. Similarly, hydrogen
cyanide is linear.*® A recent experimental value® for
the energy of the rearrangement HCN - HNC is +10. 3
kcal/mole, which is significantly smaller than a recent
state-of-the-art ab initic value® of + 15 kcal/mode.

Very recent microwave and molecular beam elec-
tric resonance studies” have shed light on the structure
of potassium cyanide (KCN). Somewhat unexpectedly
the experiments show that KCN in contrast to HCN and
LiCN, is triangular. From the inertial defect of the
rotational spectrum the lowest vibrational transition
energy can be estimated: w=157 cm™.7 This value
is in fair agreement with the frequency 139 cm™! mea-
sured for the bending mode of KCN trapped in solid
argon.® Such a low bending frequency implies that
KCN, just like LiCN, is a floppy molecule, or, more
precisely, that the potential energy surface around the
minimum is flat in the bending direction, With re-
gard to nonrigidity, KCN lies between the class of tri-
atomic van der Waals molecules such as Ar-N, (v
=20 cm'i)8 and the chemically bonded molecules such
as, for example, SO,(w=>517 cm™).® It is therefore
interesting to study the nuclear motion of the KCN mole-
cule; to which end one needs—in the spirit of the Born-
Oppenheimer approximation—a potential energy surface.

The subject of this paper is the ab initio computation
and the subsequent analytic representation of the poten-
tial energy surface of KCN in the region of minimum.
energy. As we shall show below, the quantum chemical
calculations predict a triangular structure for KCN,
which is in good agreement with the geometry obtained
from the rotational spectra. An additional advantage
of the ab initio calculations is that it is an easy and
straightforward matter —once the wave function is
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known—to calculate the electric field gradients at the
“N and 3%K nuclei. These numbers are of great help
in the interpretation of the rotational spectra in which
many lines are split because of the coupling of the
electrons with the nuclear quadrupole moments.

In order to obtain the energy surface with a grid
fine enough to allow a reliable analytic representation,
we had to restrict ourselves to LCAO~SCF (linear
combination of atomic orbitals-self consistent field)
calculations. Inclusion of correlation in a reliable
manner, besides being costly, is unlikely to appre-
ciably alter the shape of the surface in the bonding re-
gion. In order to explain this, we note that the small
difference between the experimental ionization potential
of the K atom, 4.339 eV, !’ and electron affinity of CN,
3.82 eV, !! means that for the distance R from the cen-
ter of mass of CN to K, less than about 53 bohr, the
gain in Coulomb energy results in the transfer of an
electron from K to CN. As we are only concerned with
values of R in the range 4.5 to 8. 0 bohr, we feel that
for our purpose the assumption of complete charge
transfer is fully justified. Further support for this
premise will be provided by analysis of the calculated
dipole moment and by the bond length of the cyanide
anion,

So, the bonding in KCN is dominated by Coulombic
attraction and exchange repulsion between closed-shell
monomers. It is known from calculations on van der
Waals molecules (see, for example, Ref. 12) that first
order (electrostatic and exchange) interactions, as
well as second order induction terms, are well described
by the SCF method. The dominant induction term in
this case is the monopole induced dipole interaction,
which has an asymptotic R™ dependence. The most im-
portant correlation energy contribution is in this case
the dispersion interaction. This interaction has asymp-
totically as the leading term an R™® term, which usually
is fairly isotropic. . So its influence on the shape of the
potential energy surface is likely to be much smaller
than the effect of the induction energy.

Summarizing, the SCF method may he expected to be
suited for the ionically bound molecule KCN.

Il. SCF CALCULATIONS

All LCAO-SCF calculations have been performed with
an AO basis consisting of Cartesian GTO’s (Gaussian type
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TABLE I. Some results for the cyanide anion.
Present work Literature

Energy at 7, —92,338547 a. u. -92.346796 a.u.®

7 2,186 a, 2.186 a4

Affinity of CN 3.25 eV 3.29 eV?

@, 27.2 4} 30.0 43"

o, 17.7 a} 20.0 a3®

ue 0.5467 D —0,3749 D, b
0.811 D,*
0.3792 D!

Field gradient® 0.3467 esu oae

at N

2Near Hartree—Fock value of Ref. 14,

bReference 16.

®Polarity C*—N*, expressed with respect to center of mass
of g,

%We suspect the sign to be in error.

*R. Bonaccorsi, C. Petrongolo, E. Scrocco, and J, Tomasi,
Chem. Phys. Lett. 3, 473 (1969).

'E. Clezme:zti and D. Klint, J. Chem. Phys. 50, 4899 (1969).

g <3x — >

el

orbitals). Such a basis has to meet two obvious require-
ments in order to describe reliably the ionic bond in
KCN: both the electron affinity of the CN radica’

and the ionization potential of the K atom must be reli-
ably reproduced.

For cyanide, the basis of Wahlgren et al. '* was cho-
sen. On each of the atoms an extra diffuse d orbital
was placed with a; =0, 21 and ay=0. 32, in order to
improve the calculated polarizability of CN”, This
gives an (11s, 6p, 2d/6s, 3p, 2d) basis on both the car-
bon and the nitrogen atom. The bond distance of the
free CN-, optimized in this basis, is r,=2.186 bohr,
which is the same as the near Hartree-Fock value of
Ref. 14. Extensive correlation calculations give 7,
=2.217 bohr. !* The vertical electron affinity, calcu-
lated as the total energy difference between the radical
and the anion at »=2,186 bohr in the present basis is
3.25 eV. The SCF limit is estimated at 3,29 eV'*; the
experimental adiabatic value lies at 3,82 eV.!!

Another property of importance in the interaction be-
tween CN” and K* is the dipole polarizability of the
anion. Finite field SCF calculations on CN~ yield a,
=27, 2a3 and @, =17.7a}. These and other properties
of CN” are summarized in Table I.

An adequate Gaussian basis for potassium is not
readily available in the literature. For instance, the
basis of Ref. 17 gives an ionization potential of -5.0
eV, which is of the wrong sign. This erroneous result
is due to an overcontraction of the outer orbitals.

A very large STO (Slater type orbital) basis gives 4.0
eV, !® with the corresponding experimental figure being
4,39 eV. So the Hartree-Fock method is capable of giv-
ing a reasonable estimate of the ionization potential

of the K atom. (Note that the values quoted here are
differences in energy between the atom and the ion,

Potential energy surface of KCN

not the energies of the 4s orbital. )

Being unable to find an adequate K basis, we decided
to compose our own. To the optimized 1s orbital of
Ref. 17, consisting of a contraction of six primitives,
we added 15s and 15p orbitals. The exponents are
equally spaced on a logarithmic scale (a geometric
progression). After a number of trial calculations the
inverval covered by the exponents was chosen to be
(107%, 10%) bohr~% Since the s orbital with a = 1000 fell
in the same range as the 1s orbital, we removed it
from the basis. After contraction, this basis gives as
a first ionization potential the Hartree —Fock limit!®
value of 4. 005 eV.

In order to give more flexibility to the basis in the
valence region, we have added one 3d orbital to the K
atom with @ =0. 3354, a value corresponding'? to the
optimal exponent £=2. 575 of a 3p-STO of potassium.
The final K(20s, 15p, 1d) basis has been contracted to
a K[11s, 9p, 1d] basis and is given in Table IL

We will argue in Sec. III that to a good approxima -
tion KCN can be considered to be a dimer consisting
of the two closed-shell monomers K* and CN~. A very
sensitive measure of the usefulness of monomer basis
sets for dimer calculations is the basis set superposi-
tion error. This error is defined as the energy lower-
ing of a monomer due to the extension of its basis by
the orbitals on the other monomer, Calculation of this
error at the geometry R =5.04 bohr and 9=90° (see Fig
1 for the definition of the coordinates), which is near
the experimental structure, yields 0. 0017 hartree for
CN- or 1% of the SCF interaction energy. There is im-
perceptible energy lowering of K* due to the CN basis.
Because this basis set superposition error is small, we
decided not to correct for it in the subsequent calcu-
lations.

Next we considered whether the CN” bond distance
was much affected by the presence of the K* ion. So,
at R=5. 0 bohr and 9= 90° we optimized the CN~ bond
length, finding »,=2. 180 bohr. The small change in
distance of 0. 006 bohr reinforces our belief that KCN
may be looked upon as a van der Waals molecule con-
sisting of ionic monomers. Because of the small
variation in distance, we did not think it worthwhile
to vary the CN~ bond length and have kept it fixed at
2. 186 bohr in all ensuing calculations. So, when we
speak in this paper of the potential energy surface of
KCN, we really mean a function on the manifold of
constant vy and variable R and 9.

The actual dimer calculations were conducted in two
stages. First we made an exploratory scan of the sur-
face, finding only one minimum at a geometry not far
from the experimental triangularly shaped structure.
This exploratory scan consisted of 25 points. On basis
of the insight thus obtained we proceeded more sys-
tematically in the second stage of the calculations.

We picked the points dictated by the Gauss~Legnedre
quadrature scheme, which, as will be explained below,
leads to an expansion of the interaction in terms of
Legendre polynomials with R dependent coefficients.
This analytic fit required 24 more points on the poten-

1
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TABLE II. Gaussian basis for potassium,

Contraction
Type Expouent coefficient
s 554579.0 0.000399
81718.1 0,003131
18358.1 0,016 838
5026, 74 0,074 591
1604.67 0,258715
594, 069 0,721 1776
s 439.40 0. 031 544
193.07 0.2699807
84,834 0,354755
s 37.276 1.0
s 16,380 0, 065188
7.1968 0.559933
s 3.1622 1.0
s 1.3895 0.175385
0.61054 0,696 494
s 0.26827 1.0
s 0.11788 1.0
s 0,051795 1.0
s 0.022 1758 1.0
s 0.010 000 1.0
? 1000.0 0.001412
438, 40 0, 002874
193.07 0,014 365
84.834 0,046 923
P 37.276 0.141853
16. 380 0.305673
7.1968 0.418794
P 3.1622 1.0
P 1.3895 1.0
P 0.61054 0.489323
0.26827 0.318949
? 0.11788 1.0
? 0.051 795 1.0
P 0,022758 1.0
? 0.01 1.0
d 0.3354 1.0

E=-599.13424141 a.u.
Ionization potential 4. 005 eV
(K} =415.43

a(K*)=4.864}

tial energy surface.

All calculations have been performed with the ATMOL
3 suite of programs. ?* Each point calculated with the
present 98-dimensional basis took about 3 h integration—
and 3 h SCF—time on an IBM 370/158.

IN. THE BONDING IN KCN

The ionicity of KCN referred to in the Introduction is
confirmed by the analysis of the dipole moment given in
Table III. The polarization entries in Table III are ob-
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FIG. 1. Coordinate system for KCN. A denotes the center of
nuciear mass of 2C-!4N,

tained by solving the SCF equations for CN™ and K* in
the presence of a positive and a negative unit charge,
respectively, at the position of the other monomer. In
order that the decomposition, given in Table III, makes
any sense at all, the basis set superposition errors in
the dipole moment must be small. At R=5. 04 bohr
this error is 1. 0%, while at R=8. 0 bohr it is 0. 51%
of the ¥y component of the SCF dipole, pointing from
CN" to K*.

From Table III, it follows that the transfer of a unit
charge and the subsequent polarizations account for
about 98% of the SCF dipole moment. The difference
of ~2% can be attributed to exchange effects and in-
complete charge transfer. Note the sign change in the
difference between R=15.04 and 8. 0 bohr, indicating
that indeed two effects are operative. The analysis of
many other geometries shows that charge transfer and
polarization account for over 90% of the dipole moment
everywhere in the bonding region. The largest devia-
tions are found where there is appreciable exchange.

Once it has been established that KCN may be con-
sidered a dimer consisting of two closed shell ions, the
theory commonly applied to van der Waals molecules'?
becomes applicable., First, we take the Hartree-Fock
energies of the separate ions K* and CN™ as our energy
zero. Secondly, we separate the interaction into a long
range part, which is described by RSPT (Rayleigh~-
Schrodinger perturbation theory) and a short range part,
which in our case is defined as the difference of the SCF
and long range interactions. If one neglects dispersion

TABLE III. Decompositon of KCN dipole® for

4=90°,

R=5.04 R=8.0
Polarization K* —-0.1479 ~0.0756
Polarization CN~ —0.6636 ~-0.2734
eR 5.0400 8. 0000
Total 4.2285 7.6510
SCF 4.3289 7.5454
Difference 2.3% 1.4%

%Component pointing from center of mass of
201N towards K* expressed in a, u.
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interactions and also temporarily the polarizations of the
K* ion, one may invoke the Laplace expansion?! for 1/
71, and write the interaction Hamiltonian VA® (A is CN",
B is K*) as

o

vAR_) " R-itt Z (= 1)"Q4C1,-m(R) ,

1=0 m==1

1

instead of in the form of the more complicated multipole
expansion. 2 In Eq. (1) R=(R, R) is the position vector
of B expressed in polar coordinates, C, m(é) is a spheri-
cal harmonic in Racah’s normalization, ® and @4, is

the operator12 representing the multipole moment of or -
der I on A. Note that in Eq. (1) the assumption has
been made that R is longer than any of the position vec-
tors of the particles of A. This condition means that
Eq. (1) is only applicable for cases where the differen-
tial overlap between the charge cloud of A and the point
charge B is negligible.

Inserting the expansion (1) into the RSPT first order
energy expression, denoted by E'’, we obtain a series
in R'l, with the kth term representing the electrostatic
interaction of the unit charge B with the 2’ pole (@%,),
m=-1,...,1, on A, Proceeding similarly for the sec-
ond order RSPT energy E® and expanding the product
Cllmz(R)Clzmz(R) in a Gaunt series® one obtains

1 1
E(2)___ Z R-11-12-2

11,19=0 my==1y my==1y

x (= 10Cy, wBIGL M| tymilymda . (@)
Here

11 2 .
"‘1”'2

_221 <0|Q‘l‘1m1|n><le?2mzlo)

E,-E, ®

is the (m;, my) component of the polarizability tensor of
order (Iy,1,). The Gaunt coefficient, expressed in
terms of Wigner 3jm symbols, is?

CLM|lymygmy): =L+ 1t B T\ B L
0 0 0 wmy My M
(4)
Classically, Ef\z’ is the energy associated with the po-
larization of the charge distribution A by the field of

the point charge B.

For the present case of a linear molecule A ina Z
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state, the expressions for E‘ and E}® may be simpli-
fied by choosing the z axis along the molecular axis and
B in the xz plane. Further we choose the origin at the
center of mass of A(=CN") (cf. Fig. 1). One then easily
derives?® the following expression in terms of Legendre
polynomials P,(x), x=cos9,

E(l) =E R-L- 1PL(x)<%0) ,

L=0

j
=)

11 29=0

(5)

RN Py(x)Ch 1 » (6)

where the induction coefficients are

1 min(1112)

Cxixzz =-3 (2 -8} (-1)"

msz

XG(LOI lim;lz —m)& il

mymg . (7)
The polarizability tensor a,.2, is the same as that de-
fined in Eq. (3), but expressed in terms of tesseral
(real) harmonics, which is more convenient for computer

applications.

The calculated values for (@},) and C},,,; (A=CN")
are given in Table IV. Excepting the case {;=1,=1,
which is based on a finite field SCF polarizability, all
induction coefficients are computed from second-order
{uncoupled) Hartree—Fock polarizabilities, ¢ obtained
from the program MULTPROP. 27

The only polarization of K* by CN~ of any significance
is the ordinary dipole induction

(2) 1 Bp-4
EB =—2QR ,

(8)

which is isotropic [multiplies Py(x)=1]. The (finite
field (SCF) polarizability a® of K* is 4. 86aj.

In Fig. 2 the total long range energy E‘V + E{2 + E¥
is depicted as a function of 9 (cf. Fig. 1). R is here the
computed equilibrium value of 5. 055 bohr. The long
range energy has local minima for the two linear structures.
The minimum of KCN is deeper than of KNC, which is
because the dipole moment of CN” (expressed with re-
spect to its center of mass) points from carbon to ni-
trogen. It could loosely be stated that most of the ex-
tra electron of CN”~ is on the carbon atom, for the CN
radical has a dipole moment of opposite sign.

This idea, of the excess charge being mainly accu-

TABLE IV. Long range coefficients® (in a,u.) for CN” in field of positive unit charge [cf. Egs. (5) and (6)].

0 1 2 3. 4 5 8
(Qro) —1.000 —0.2151 -3.414 -3.819 -15.84 © -14.29  —43.82
Ciy ~10.43 -3.17

~(12.86)°

Cais -7.23 +2.03
Caaz —57.49 -35.71 5.23
Caz —35.56 5.95
Car —101.45 -37.62 -14.23
Casz —458,2 - 353.7 -112.6 -108.3

*Expressed with respect to the system of axes in Fig. 1.

P+K*.
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FIG. 2. Short range energy (full line) and long range energy
(dashed line) as a function of the angle ¢, R =5, 055 bohr.
Units: 107 hartree.

mulated on the carbon side, is further supported by the
large exchange repulsion on that side. Figure 2 shows
that the short range energy, which is dominantly ex-
change, is strongly repulsive for K* approaching to-
wards the carbon, and that there is a deep minimum in
between the carbon and the nitrogen atoms. This mini-
mum predominates and hence the structure of minimum
energy will be triangular.

Summarizing, one could qualitatively explain the tri-
angular structure of KCN by the following reasoning:
the dominant and isotropic Coulomb force (the first

term in E'V) pulls K* towards the center of mass of-
CN". The exchange repulsion, keeping the ions apart,
is least effective in between the carbon and the nitrogen
atom. There the shortest distance between the ions is
possible and the gain in Coulomb energy is maximized.

However, this simple rationalization cannot be the
complete truth, because by similar reasoning one would
predict all alkalicyanides to be triangular and LiCN is
known to be linear. !'? So, the other bonding effects dis-
cussed in this section must be taken into account—as
must be the possibility of incomplete charge transfer —
in comparing different alkalicyanides.

IV. THE POTENTIAL ENERGY SURFACE OF KCN

In this section an analytic fit of the potential energy
surface will be presented in the region of R values of
minimum energy, 9 varying between 0 and 7, and 7y
kept constant at 2. 186 bohr. The main purpose of this
analytic representation is to facilitate the computation
of the rotational and vibrational spectrum of KCN in its
electronic ground state. 28

In the previous section the long range interaction en-
ergy of K* and CN™ has been expanded in terms of
Legendre polynomials. It is convenient to have a simi-
lar expansion for the overlap dependent short range en-
ergy Egn, which we define as the difference between the
SCF energy and the long range energy given by Egs. (5),
(6), and (8) and by the values in Table IV. At this point
we should emphasize that the fitted surface reproduces
the total SCF potential. The separation into short and
long range terms is done because the form of the long
range interaction, and more particularly its R depen-
dence, is known analytically. Furthermore, the fit is
improved by removing the bulk of the attraction from the
SCF interaction. Imperfections and omission in the leng
range coefficients are covered by the parameters of the
short range potential.

There is no theory relating the short range energy to
properties of the individual monomers, which is under-
standable as the exchange repulsion is caused by the
fact that the monomers cease to be identifiable for
shorter distances. So we have to invoke numerical tech-
niques to obtain the coefficients in the expansion

N
Egg(R, x)= ;0‘ DYRR)P,(x) (9)

where x: =cosd. Because Legendre polynomials are
complete on the interval [—1,1]2® the expansion is exact
for N large enough, (N may be infinite). Since the poly-
nomials are orthogonal one can write

TABLE V. Short range parameters KCN (in a.u.) [cf. Eqs. (9) and (11)].

0 1 2 3 4 5 8

AR -3.321 —0.6319 —-4.644 ~0.4427 —4,299 —4,583 -12,026
H® 0.8446 0.4613 1,387 0.5639 1.809 2.630 5.449
cR 0.076 22 0. 06908 0.01394 0.07245  —0.02183 -0.1135 -0.3625
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TABLE VI. Structure of equilibrium KCN (in a.u.).
This work Experiment® Difference
Yoy 5.492 5.145 6.3%
Yo 2.186 2,213 1.2%
Vim 4,880 4.812 1.4%
<KCN 62.4° 68,9 9.4%
4P 105, 7 97.8° 7.5%
R® 5.055 4.845 4.2%
2Reference 32, vibrationally averaged values.
®Defined in Fig. 1.
2L+1 (!
LA EEE | | BonR, Py (x)dx . (10)

Following Ref. 30 we apply the Gauss-~Legendre quadra-
ture scheme to the evaluation of the integral in Eq. (10).
It is a well-known property of the Gauss quadrature®!
that (N+ L + 1)/2 integration points are needed to do the
integral (10) exactly. [Recall that by Eq. (9), N is the
order of Egz]. So, in our case we need N+ 1 quadrature
points to obtain all N+ 1 expansion coefficients DEF ex-
actly.

From our exploratory set of calculations of the po-
tential energy surface we know that the R values of mini-
mum energy are between 5.0 and 6. 2 bohr for different
angles. Therefore we started the second set of calcu-
lations, aimed at the evaluation of Di*(R), at R=4.5
bohr, a short distance inside the repulsive region. We
took a grid of ten angular points which we judged from
our preliminary calculations to be more than sufficient,
and indeed we found that the series (9) had converged at
N=6. Consequently, we took seven quadrature points
for the subsequent calculations at R =5. 0 and 5. 5 bohr,

FIG. 3. The R values of minimum energy as a function of ¢
plotted in a polar graph. Units: bohr. The equilibrium struc-
ture of KCN is shown.
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FIG. 4. Minimum of total energy (107 hartree) as a function
of #.

Having obtained I}*(R) at three different R values, we
represented the results by

DF(R)=exp(- AT - B'R - CTRY) , (11)

which is possible because all DSF values are positive.
The parameters ASY, B}F, and C3F, obtained by a least

squares polynomial fit of 1n(D}F), are listed in Table V.

A note of warning must be given with regard to the ap-
plicability of the values in this table. Namely, the coef-
ficients C}¥, C3®, and CiF are negative, which means
that D§®, DR®, and DRF go through a minimum and then
tend to infinity for large R. The validity of Eq. (11)
will not stretch much beyond the minima, the shortest
of which arises for D§* at R="17.52 bohr. However, at
this distance the short range contribution to the interac-
tion is élready less than 1% of the long range contribu-
tion.

So, in the range of interest for the nuclear motion
problem, the fit of the surface is excellent. Comparing
the fitted values of the total interaction energy with the
25 SCF points in the first set of calculations, we find a
mean deviation of 0. 36%, with a largest error of 1. 4%
occurring at 9=90° and R = 8. 0 bohr. ‘

V. DISCUSSION

By application of the analytic form of the potential
energy surface obtained in the previous section, the
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TABLE VII. Properties (in a.u.) of KCN in its
computed equilibrium:geometry. Molecule in
xz plane, C atom on positive z axis. (cf. Fig. 1)

Energy ~691.505399
Dipole moment
(z) —1.2883
{x) 4.1856
Quadrupole moment®
3 (322 —+) —12.048
L (3t -+ 22.122
1 (3¢ =) —-10.074
3 (3zx) —9,287
Field gradient at N
- {322 = A/ 1.0219
- (a2 =) —-0.5233
~((3y* = A/ —0.4986
—{32x/7%) —0.0076
Field gradient at K
- (@t =AM —~0.1769
— ({3 = AV/P) 0.3896
— {32 =D/ —-0.2129
—{(32x/7%) —-0.1097

Comparison with experiment®

Field gradient at N°®

Gu —0.490 (-0.494)

G 0.989 ( 1,043)

G —0.499 (- 0,549)
Field gradient at K*

Gyg 0.409 { 0.426)

Gy —0.196 (- 0.197)

G -0.213 (- 0.228)

awith respect to center of mass of *C—*N,
PExperimental results (in brackets) from

Ref. 32, Diagonal elements of field gradient
tensor expressed with respect to principal
axes of inertia tensor of BK_Lc_MN jn its ex-
perimental geometry.

°Nuclear quadrupole moment of ¥N: 0,0166 b
from R. Bonaccorsi, E, Scrocco, and J.
Tomasi, J. Chem. Phys. 50, 2940 (1969).
9Nuclear quadrupole moment of **K: 0.056 b,
from R. W. Schmieder, A. Lurio, W, Happer,
and A. Khadjavi, Phys. Rev. A 2, 1216 (1970).

geometry of minimum energy is determined and com-
pared in Table VI with a very recent experimental
microwave structure. % The agreement is very good
and firmly establishes that KCN is triangular,

It is noteworthy that all computed intermonomer dis-
tances are too long. This could be due to the neglect
of dispersion or to an underestimate of the polarizabil-
ities by the present AO basis. Our Hartree—Fock CN”
‘bond distance, on the other hand, is slightly too short.
The experimental bond distance of CN in KCN is very

close to the high quality theoretical value of 2. 217 bohr,15
recently computed for the free CN™ anion. This confirms
our finding that the bond distance is hardly affected by
the presence of the potassium ion.

In Fig. 3 the minimum value of R is plotted as a func-
tion of 9 in a polar graph. The path of minimum energy
thus obtained is surprisingly symmetric, with a symme-
try axis intersecting the CN™ bond at - 0. 267 bohr.
However, the energy along the path, shown in Fig. 4,
is not symmetric at all. In this figure one clearly sees
illustrated the preference of KCN for a triangular geom-
etry. One also sees that KNC has a lower energy than
KCN, which is caused by the closer contact of the ions
on the nitrogen side.

In Table VII some properties computed for the struc-
ture of minimum energy are given. Note that the agree-
ment between the computed and the measured field gradi-
ents at the position of the K and the N nucleus is very
good.
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