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Abstract: From qualitative molecular orbital arguments, it is predicted that the 3 S - - 3 I l separation in the ionic LiN molecule 
should be significantly less than the 3.69 eV found spectroscopically for the analogous covalent molecule NH. To test this 
prediction, an ab initio theoretical study of the electronic structure of LiN has been carried out. A Slater basis set was em­
ployed, of size Li(4s 2p), N(4s 3p Id). Both self-consistent-field and configuration interaction (CI) methods were used. For 
both 3 S - (335 configurations) and 3II (546 configurations) states, the CI included all interacting single and double excita­
tions with respect to the two-configuration wave functions required to ensure dissociation to Hartree-Fock atomic wave 
functions. Consistent with the ionic model, the two states are predicted to be very close in energy, the 3 Z - state being the 
lower by 0.30 eV. An important aspect of the study is the prediction of electronic transition probabilities. It is shown that the 
use of natural orbitals greatly facilitates the calculation of transition moments, and the "length" form is seen to be less sensi­
tive to details of the correlated wave function than is the "velocity" form. The 3 S - - 3 I I oscillator strength, consistent with the 
ionic model, increases rapidly as a function of bond distance. 

The diatomic molecule N H and its derivatives R - N are 
usually referred to as nitrenes. Nitrenes are reactive inter­
mediates of increasing importance in both organic and inor­
ganic chemistry.2"6 This interest has in part been motivated 
by certain similarities between nitrenes and another class of 
free radicals, the carbenes.7 Both nitrenes and carbenes 
usually have small energy separations between their lowest 
singlet and triplet electronic states. In addition, both classes 
of molecules seem to conform to the idea of Skell8 that sin­
glet states should insert into double bonds in a stereospecific 
manner, while triplets insert nonstereospecifically. 

The simplest nitrene, NH, is perhaps the most thorough­
ly studied, both from an experimental and theoretical point 
of view. The X 3 S - state has long been known to be the 
ground state, but the precise position of the first excited a 
1A state has only been determined9 during the past year to 
be 12,580 c m - 1 or 1.56 eV. The b 1 S + state lies at 21,230 
c m - 1 = 2.63 eV,10 and all three of these states arise from 
the electron configuration 

la2 2a2 3a2 W (1) 

The next two states of N H arise from the excited electron 
configuration 

la2 2(72SaIJT3 (2) 

Of these the 3 n is found10 at 29,780 c m - 1 = 3.69 eV and 
the ' n at 43,340 c m - 1 = 5.37 eV. Several theoretical stud­
ies1 1 - 1 3 of the excited electronic states of N H have yielded 
satisfactory agreement with experiment. Particularly im­
pressive were the essentially correct predictions, prior to ex­
perimental determination,9 of the (X 3 S - — a 1A) singlet-
triplet separation. More recently, ab initio calculations14 

have been reported for CH3N, the simplest alkylnitrene. 
The positions of the electronic state of CH3N are quite 
analogous to those of N H and the bonding is basically of 
the same covalent type. However, it should be noted that 
the dipole moments of CH3N (~2.2 D) are somewhat larg­
er than those of N H (~1.6 D). 

The present theoretical study is directed toward the sim­
plest nitrene after NH, namely LiN. To our knowledge, this 
molecule has not been the subject of previous experimental 
or theoretical investigations. Our interest in LiN arises 
from the anticipation that its electronic structure should be 
qualitatively different from either N H or the alkylnitrenes. 
That is, one expects a highly ionic L i + N - bond. Although 
one expects the electron configurations analogous to (1) and 

(2) to be the two lowest, the relative positions of the elec­
tronic states may change. Qualitatively, this may be seen by 
taking the ionic model to the extreme, L i + N - . Since Li+ is 
a closed-shell ion, in the ionic limit one'would expect the 
open-shell structure of LiN to be the same as that of the N -

ion. The lowest electron configuration for N - is Is2 2s2 2p4 

and hence the electronic ground state will be of 3P symme­
try. Under C y symmetry, this 3P state has degenerate 3II 
and 3 S - components. Thus our naiive ionic model predicts 
the 3TI and 3 S - states of LiN to be degenerate. Recall that 
the 3 S - - 3 I I separation in the covalent N H radical is a full 
3.69 eV.10 Although we are by no means suggesting that the 
ionic picture be taken at face value, we would expect the 
3S-3TI separation to be significantly less in LiN than in 
N H . This same qualitative prediction should hold for other 
ionic nitrenes R + N - as well. 

Theoretical Approach 

The basis set of Slater functions used in the present re­
search is seen in Table I. The double f s basis sets for both 
atoms are those of Huzinaga and Arnau.15 The two sets of p 
functions on lithium were roughly extrapolated from the 
double f results of Huzinaga and Arnau for B, C, and N. 
The nitrogen p functions are from the "nominal" basis set 
of Bagus, Gilbert, and Roothaan.16 The N atom d function 
orbital exponent was chosen on the basis of previous experi­
ence.17 To summarize, this basis set is derived from stan­
dard sources and for the separated atoms is of near Har­
tree-Fock caliber, i.e., yielding self-consistent-field (SCF) 
energies within 0.001 hartree of the exact ground state Har­
tree-Fock energies for the Li and N atoms. For the LiN 
molecule the basis is expected to be less adequate, and near 
re may yield SCF energies as much as 0.020 hartrees «0.5 
eV above the molecular Hartree-Fock limit. Molecular in­
tegrals were evaluated as described in an earlier paper.18 

It is easy to show from group theoretical considerations19 

that the 3 S - state of LiN dissociates adiabatically to 
ground state atoms, 2 S g Li + 4S11 N . However, at large in-
ternuclear separations the 3 S - SCF configuration 

lo2 2a2 3a2 4(T2 In2 (3) 

cannot describe the ground state atomic Hartree-Fock 
wave functions. To do this a two-configuration wave func­
tion is required20 

la2 2a2 3a2 5a2 ITT2 (4) 
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Table I. Basis Set of Slater Functions for LiN 

Li N 

Function 
type 

Is 
Is 
2s 
2s 
2p 
2p 

Orbital 
exponent £ 

4.687 
2.482 
1.976 
0.6716 
1.3 
0.6 

Function 
type 

Is 
Is 
2s 
2s 
2p 
2p 
2p 
3d 

Orbital 
exponent £ 

8.528 
5.999 
2.252 
1.415 
5.573 
2.555 
1.352 
2.0 

Therefore, in our CI calculations, all configurations differ­
ing by one or two orbitals from either (3) or (4) have been 
included. Note, however, that the inner six electrons are al­
ways held frozen in the lo 2 2<r2 3a-2 core. In addition, for 
double excitations, those angular momentum couplings hav­
ing identically zero matrix elements21-24 with both (3) and 
(4) were deleted. In this case, this problem is solved readily 
by including only those double excitations which retain the 
3 S - coupling of the outer two electrons in (3) and (4). The 
final wave functions for the 3 S - state each include 335 con­
figurations. 

For the 3II state the conventional SCF configuration is 

lo2 2a2 3a2 4a ITT3 (5) 

However, this configuration cannot properly describe disso­
ciation to 2PU Li + 4SU N , as demanded by the Wigner-
Witmer rules.18 The second configuration 

lo2 2a2 3a2 4al772 2» (6) 

is required for this purpose. However, there are four linear­
ly dependent 3II eigenfunctions which result from electron 
configuration 6. Using appropriate Clebsch-Gordan coeffi­
cients one finds that the angular momentum coupling which 
describes the atomic Hartree-Fock wave functions for 2P11 

Li + 4SU N is (deleting the Xa1 2a2 la1 core) 

X ^ F { + 3(4cra ln.a lir+a 2TT+/3) 

- l ( 4 a a \ir.a lw+/3 2ir+a) 

- l ( 4 a a 1TT_/3 ltr+a 2-n+a.) 

- I(4ai3 lff.a lir^a 2ir+ct)} (7) 

A shorthand notation for this coupling would be 

lo2 2O2So2 (4al7r2 4S-)(27r2n) 3II (8) 

where the recoupling of the 3-electron 4 S - and 1-electron 
2II eigenfunctions to yield an overall 3LI state is implicit. 

A theoretical description of the 3II state will be equiva­
lent to that described earlier for the 3 S - state by including 
all single excitations with respect to (6) and (7), plus all 
double excitations with nonvanishing Hamiltonian matrix 
elements with either (6) or (7). To isolate the minimum 
number of angular momentum couplings having nonzero 
matrix elements with (7) is a problem somewhat more diffi­
cult than those discussed in previous work along these 
lines.21-24 And in fact we have not carried out the complete 
reduction. However, if one includes all interacting single 
and double excitations with respect to (6) and all single and 
double (regardless of coupling type) excitations with respect 
to (7), a total of 1138 3II configurations are found. In the 
present work, we have reduced this total to 546 by eliminat­
ing most of the doubly excited couplings having zero matrix 
elements with (7). As the primary example of how this is 
done, consider the double excitation 4<x lir —*• 6a 3ir, or 

lo2 2a2 3a2
 6CT ITT 2TT 3TT (9) 
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Table II. SCF and CI Total Energies in Hartrees for LiNa 

3S" 3n 

R 

2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
5.0 

10.0 

SCF 

-61.7875 
-61.8083 
-61.8184 
-61.8216 
-61.8204 
-61.8165 
-61.8109 
-61.7767 

NA 

CI 

-61.8412 
-61.8626 
-61.8735 
-61.8777 
-61.8778 
-61.8756 
-61.8722 
-61.8560 
-61.8470 

SCF 

-61.7961 
-61.8069 
-61.8096 
-61.8070 
-61.8012 
-61.7936 
-61.7850 
-61.7504 

NA 

CI 

-61.8505 
-61.8622 
-61.8656 
-61.8638 
-61.8588 
-61.8520 
-61.8442 
-61.8043 
-61.7810 

a Bond distances are given in bohr radii. As discussed in the text, 
a single configuration description of these states is not appropriate 
(NA) at large R. 

Table III. Predicted Spectroscopic Constants for LiNa 

E, hartrees 
re> A 
D e , eV 
Te, eV 
T0, ^ 
Be, cm ' 
oje , cm - 1 

ae, cm - 1 

CJ6X6, c m - 1 

3 S -

-61.8781 
1.85 
0.85 
0.00 
0.00 
1.049 

657 
0.0167 

13.97 

3n 
-61.8656 

1.70 
2.30 
0.34 
0.35 
1.245 

833 
0.0150 
7.99 

a These results were obtained from the configuration interaction 
calculations. 

There are nine linearly independent 3II eigenfunctions 
which arise from this electron configuration.25 However, if 
one of the nine couplings is of the form 

lo2 2a2 3a2 (6al77 3ff4S-)(2ff2n) 3Il (10) 

then the eight remaining couplings, chosen in any manner, 
except that they must be othogonal to (10), will have identi­
cally zero H matrix elements with (8). Since there are 
(10<r)(4x) = 40 electron configurations of type (9), we were 
able to delete 40 X 8 = 320 configurations in this manner. 

To obtain a nearly optimal set of molecular orbitals, the 
iterative natural orbital method of Bender and Davidson26 

was adopted. Since the present calculations represent a 
nearly full valence CI, only a small energy lowering was ob­
tained. However, the CI expansion is much more compact 
and the resulting natural orbitals can be interpreted in 
chemical terms. 

Potential Curves and Spectroscopic Constants 

Table II gives the calculated total energies as a function 
of internuclear separation. From these the CI potential 
curves seen in Figure 1 were constructed. Near the mini­
mum for each state, the CI energies were treated as an em­
pirical function of internuclear distance by fitting the five 
points nearest the minimum of each curve to a fourth order 
polynomial. Following standard methods,27 vibrational and 
rotational spectroscopic constants were then calculated and 
are given in Table III. 

It is clear that the relationship between the 3 S - and 3II 
states of LiN is indeed very different from that seen in the 
covalent nitrenes N H and CH 3N. In fact the 3 S - - 3 TI sepa­
ration is predicted to be 0.30 eV, or less that one-tenth of 
the experimental separation (3.69 eV10) in NH. This result 
certainly appears to confirm qualitatively the merit of the 
ionic model discussed in the introductory section. 

Another significant difference relative to N H concerns 
the bond distances. For NH, the re values are essentially 
identical: 1.045 A for 3 S - and 1.046 A for 3II. However, 
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for LiN, there is a full 0.15 A difference in bond distances. 
Note also that the R-N bond distance in LiN is much long­
er than in NH and significantly longer than in CH3N, 
where 1 4 r e (C-N)~ 1.47 A. 

The dissociation energies of both electronic states are 
rather small, the De = 0.85 eV for the 3 S - state being par­
ticularly conspicuous. As mentioned in our discussion of 
basis sets, these predicted dissociation energies may be as 
much as 0.5 eV less than the exact (unknown) values. The 
small ground state De tends to limit the number of ways in 
which LiN might be observed experimentally. One possibil­
ity, however, is a crossed molecular beam study28 of the 
reaction 

N + Li2 —* LiN + Li (11) 

Due to the low (1.1 eV) dissociation energy of Li2, reaction 
11 should be roughly thermoneutral or perhaps slightly exo­
thermic, and the reaction might well proceed at thermal 
energies. 

Although the LiN dissociation energy has not been deter­
mined experimentally, at least two predictions of its value 
have been made in the literature. In the earlier of these, due 
to Margrave and Sthapitanonda,29 Do(LiN) was predicted 
to be 118-178 kcal/mol. More recently, Herm and Hersch-
bach30 have predicted a much smaller value of 48 kcal/mol. 
Our estimate of A)( 3S - LiN) < 30 kcal/mol is clearly 
much closer to that of Herm and Herschbach. Finally we 
note that the Herm-Herschbach result was based on an as­
sumed bond distance ~0.15 A shorter than that found here. 
An appropriate adjustment to their ionic model would 
clearly result in a dissociation energy even closer to ours. 

An interesting point seen in Figure 1 is that the 3 S - and 
3II potential curves cross at R = 2.98 bohrs = 1.58 A. Thus, 
the 3II state is predicted to be the ground state for internu-
clear separations less than 1.58 A. The crossing occurs just 
below the v = 5 vibrational level of the 3 S - ground state, 
and about midway between the v = 0 and v = 1 levels of the 
excited 3II state. Thus, if the calculated potential curves are 
to be taken literally, the LiN electronic spectrum, occurring 
in the infrared, will be complicated. However, the relative 
positions of our calculated 3 S - and 3II potential curves are 
uncertain by at least 0.1 eV, so a literal interpretation 
would be unwise. Since the shape of the curves is unlikely to 
change in a more complete theoretical treatment, the pri­
mary concern is that they may be shifted with respect to 
each other. 

Electronic Transition Probabilities 

Two expressions for the oscillator strength for an elec­
tronic transition from state a to state b are the "length" 
form 

Ab' =%(Eh- Ej I ^ J Z ^ k ) I2 (12) 
i 

and the "velocity" form 

Uv =%(E, ~ EJ-1M-Z^iIK)I2 (13) 
i 

where E3. and E\, are the energies of the wave functions ip& 
and ^b, and the summation index i ranges over all electrons. 
Although expressions 12 and 13 are equivalent for exact en­
ergy eigengunction, this equality does not hold for approxi­
mate wave functions. The equality of (12) and (13) follows 
from the commutation property of H and r, which can be 
used to derive still other equivalent expressions,31 perhaps 
the most obvious of which is the geometric mean32 

/«*" = V3 KtfalLr, I ^ H t y J - i L ^ I 0b>| (14) 
i i 

/ / / / / / 

5 \ / 2S L i+ 4S N c O - \ / 7 1 
W \ / 

V-/ /**~ 
- . - ^ ^ ^ \ 

_ J I I I 
1.5 2 0 2.5 • 

Internucleor separation,R (A) 

Figure 1. Theoretical potential energy curves for the LiN molecule. 

It is a common practice17 to evaluate both length and veloc­
ity forms and use the agreement between the resulting /aD 
values as a crude indication of the reliability of the predic­
tions. For LiN, where the energy separation (E^ — EJ) is 
subject to a large percentage uncertainty, the use of the 
geometric mean (which does not involve AJE") is particularly 
appealing. 

Since Hartree-Fock transition probabilities typically dif­
fer from experiment by a factor of 3,33 the use of correlated 
wave functions (such as those reported here) is highly advis­
able. Unfortunately, the calculation of transition moments 
from large CI wave functions is a notoriously difficult prob­
lem.34 Since each of the wave functions calculated here is 
expressed in terms of its own natural orbitals, the orbitals 
used in ^3 will have no convenient orthogonality relation­
ships with the orbitals used in t̂,- The computational diffi­
culty resulting from this "nonorthogonality problem" is best 
illustrated by noting that if \pa and \pt, are antisymmetrized 
products of n orbitals, loss of orthogonality between the sets 
of orbitals increases the number of contributions to the 
transition moment from n to nl. In the present calculations, 
\pa and \pb are of course sums of large numbers of such an­
tisymmetrized products, increasing the computational dif­
ficulties by orders of magnitude. However, one of us 
(P.K.P.) has developed a new method (for the calculation of 
transition moments), which exploits the spin and spatial 
symmetry of CI wave functions to such a degree that such 
calculations have become quite feasible. For details of the 
method, the reader is referred elsewhere.35 

Since our wave functions are obtained in terms of natural 
orbitals, one would hope that the transition moments might 
be accurately calculated using less than the entire 335 and 
546 configuration wave functions for the 3 S - and 3II states. 
To test this idea, the configurations in each wave function 
were ordered by coefficient, and only the n most important 
configurations from each wave function were used to com­
pute the transition moments. These results are summarized 
in Table IV. There we see first that the use of natural orbit­
als does allow a greatly simplified, yet accurate, calculation 
of the transition moments. That is, by approximating each 
CI wave function as a linear combination of the first 200 
configurations, one performs only (200 X 200)/(335 X 
546) —- 22% of the labor required using the complete CI ex­
pansions. Since the results are for our purposes identical, 
the former procedure is distinctly preferable. In addition 
Table IV indicates that the "length" transition moment is 
much less sensitive to the details of the wave function than 
is the "velocity" transition moment. For example, at R = 
3.4 bohrs, <^a|2/r/|^b> changes by 0.3% when 100 instead 
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Figure 2. Transition moment and oscillator strength for the 3Il *- 3S" 
transition of LiN as a function of internuclear separation. 

Table IV. Transition Moments Obtained Using the n Most 
Important (Ranked by Coefficient) Configurations 
in Each CI Wave Function12 

No. of 

ations n 

1 
12 
27 
60 

100 
160 
200 
260 

R 

^ a l ^ i l W 
i 

-0.00949 
-0.25746 
-0.30251 
-0.30056 
-0.29611 
-0.29667 
-0.29673 
-0.29671 

= 3.4 

tya\-iZV{\»b) 

+0.02366 
-0.00126 
-0.01063 
-0.01676 
-0.01197 
-0.01261 
-0.01245 
-0.01246 

R = 

Wal&7k> 
i 

-1.64497 
-2.81764 
-2.81861 
-2.81870 
-2.81857 
-2.81858 

10.0 

<i//a|-!2V,-ta> 
i 

-0.11587 
-0.19369 
-0.19318 
-0.19448 
-0.19468 
-0.19473 

a The use of natural orbitals provides a basis for the expected 
convergence with respect to n. The direction of the transition mo­
ments is perpendicular to the internuclear axis. 

of 60 configurations are used. However, the same change in 
method of calculation produces a change of 5.0% in 
< ^ a | - / 2 , V , | ^ b ) . 

Table IV also shows that electron correlation plays a very 
important role in determining the transition moments at R 
= 3.4. In fact, the magnitude of the CI length moment is a 
factor of 3 greater than the SCF value. For the velocity mo­
ment, note that even the signs of the SCF and final CI re­
sults are different. At R = 10.0, it should be pointed out 
that the most important 3II configuration is not (5), as at R 
= 3.4, but rather (7). There the problem with the one con­
figuration results is due primarily to the lack of the second 
configuration 4 in the 3 S - wave function. 

Using, the 260 most important configurations, oscillator 
strengths were calculated at R = 2.8, 3.4, 4.0, 5.0, 7.5, and 
10.0 bohrs. These results are summarized in Table V. Some 
idea of the reliability of these predictions may be obtained 
by comparing the R = 10.0 result with the experimental 
2Sg-2Pu oscillator strength36 of-the Li atom. The length, ve­
locity, and mixed forms of the oscillator strength are re­
spectively 73, 80, and 76% of the Li atom oscillator 
strength. However, it is clearly seen in Table V that the os­
cillator strength is a strong function of R, and may not have 
reached its limiting value at R = 10.0. To check this point, 
the Li atom oscillator strength was computed with our basis 
set and found to be 101% (length) and 104% (velocity) of 
experiment. 

As mentioned earlier, the percentage uncertainty in our 
calculated 3 S - - 3 I I separation near the Re values of the two 
potential curves tends to make the length and velocity forms 
of the oscillator strength unreliable. However, one is hope­
ful that the mixed form would be more useful. In any case, 
the oscillator strength is relatively small at R = 3.4 bohrs. 
This can be qualitatively understood in terms of our ionic 
model L i + N - , in which the 3 S - - 3 I I transition connects two 
states of the N - ion. Since the two states arise from the Is2 

2s2 2p4 configuration, they are both of g parity and hence 
the transition is electric-dipole forbidden. 

The transition moment and oscillator strength derived 
from the more reliable length form are plotted as a function 
of bond distance in Figure 2. There we see that the some­
what unusual behavior'demonstrated in Table V is due to 
change in the sign of (R) = (<K3n)| 2,Ti|>A(32_)> at an in­
ternuclear separation near 4.4 bohrs. This sign change is 
emphasized by the discontinuity at 4.4 bohrs in the loga­
rithm of the oscillator strength. 

To understand this behavior, let us examine the detailed 
nature of the 3II CI wave function. Note first that the 2ir 
orbital in electron configuration 7 is essentially the Li 2p 
atomic orbital, especially at large bond distances. As the 
molecule dissociates (internuclear separation increases), the 
importance of the Aa I T 2 2x configuration increases mono-
tonically. Thus the quantity (4<r Ix 2 27r|R|i/<(32-)}, which 
is positive, makes an increasingly important contribution to 
the transition moment as the internuclear separation in­
creases. This quantity, of course, becomes the Li atom tran­
sition moment at infinite separation. 

The other principal contributor to the transition moment 
is the quantity (Aa 1 TT3| R| ^ ( 3 S - ) >. This matrix element is 
opposite in sign to that of the Aa In-3 2TT configuration and 
generally much smaller. However, near re, the CI coeffi­
cient of the Aa ITT3 configuration is so much larger than 
that of 4<r I T 2 2TT that the two contributions to the oscillator 
strength are of the same magnitude but opposite sign. As 
the bond distance increases, the lir orbital becomes increas­
ingly a pure nitrogen 2p orbital and the 4<r ITT3 configura­
tion describes the 2p4 electron configuration of N - Since 
transitions among the states of N - arising from 2p4 are par-

Table V. Transition Moment Matrix Elements and Oscillator Strengths for the 3 S - ^ 3n Transition of LiN a 

R, bohrs 

2.8 
3.4 
4.0 
5.0 
7.5 

10.0 
CC 

•» (Experiment*) 

|%|&-,-k>|2 

i 

0.000114 
0.1341 
0.01123 
0.01221 
6.73 
9.61 

10.7 

1(VZaI-ZSV1-IVZb)I2 

0.001140 
0.001168 
0.004307 
0.00547 
0.0353 
0.0272 
0.0505 

/ a b ' 

-7 .90X 10~7 

1.11 X 10~3 

1.97 x 1 0 ^ 
4 .00x 10"« 

0.294 
0.422 
0.484 

0.48 + 0.2 

/ a b V 

-0.0731 
0.0627 
0.109 
0.0743 
0.359 
0.275 
0.497 

0.48 ± 0.2 

/ a b m 

-2 .40X 10"4 

0.00834 
0.00464 
0.00545 
0.325 
0.341 
0.490 
0.48 ± 0.2 

a The three different forms of the oscillator strength are given in eq 12-14. The twofold spatial degeneracy of the 3n state has been incor­
porated in the tabulated moments. b Reference 33. 
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Table VI. Natural Orbital Occupation Numbers for LiN 
3 S - (R = 3.4 bohrs) 3Tl(R = 3.2 bohrs) 

Table VII. Important Configurations for the 3 S - and 3n States 
of LiN Near Their Respective Minima 

ICT 

2CT 

3CT 

4CT 

5CT 

6CT 

la 
8(7 
ITT 

2TT 

3TT 

4rr 

2.000 
2.000 
2.000 
1.961 
0.024 
0.005 
0.003 
0.001 
1.982 
0.016 
0.006 
0.001 

2.000 
2.000 
2.000 
0.992 
0.006 
0.002 
0.001 
0.00Oi 
2.931 
0.058 
0.006 
0.004 

ity forbidden, the matrix element (4CT l7r3|R|i//(3S—) > de­
creases with increasing internuclear separation. 

To summarize, the contributions to (R) from the two 
most important configurations in the 3II wave function are 
of opposite sign. Further, the magnitude of the contribution 
from the Aa Ix2 2x configuration increases with r (L i -N) , 
while that from 4<x Ix3 decreases with /-(Li-N). These ob­
servations explain the unusual behavior seen in Table V and 
Figure 2. 

Electronic Structure 

The simplest indicators of the nature of complex CI wave 
function are the natural orbital occupation numbers, seen in 
Table VI for the 3 2 - and 3II states. We see first that the 
occupation numbers are qualitatively very similar to those 
predicted by the molecular orbital approximation, configu­
rations 3 and 5. For the 3 S - state the 5<r orbital is the most 
important after the Hartree-Fock occupied orbitals. For 
the 3II state, the a virtual orbitals are quite unimportant, 
but the 2x orbital has a relatively large occupation number. 

These occupation numbers may be understood qualita­
tively in terms of the most important configurations of each 
wave function. These are seen in Table VII for 3 S - and 3II 
near their respective equilibrium geometries. The magni­
tude of the 5 a occupation number is understood in terms of 
configurations 2, 3, and 4 of the 3 S - wave function. The 
even greater importance of the 2x orbital in the 3II wave 
function is seen from the importance of the Ix —- 2x and 
Ix2 - • 2x2 configurations. Note that all four 3TI configura­
tions arising from orbital occupancy 6 are included in the 
3II wave function. The properly dissociating coupling 7 is 
the most important, with coefficient 0.126. The value 0.163 
given in Table VI reflects the importance of all four config­
urations,'37 being (c\2 4- C22 + C32 + 042J1/2, where the c's 
are the coefficients of the four different couplings in the CI 
wave function. 

Finally, the electric dipole moments of the two electronic 
states have been calculated, using SCF wave functions and 
a comparable Gaussian basis set. For the 3 S - state at 7? = 
3.2 bohrs, the electronic and nuclear contributions with re­
spect to the Li atom are 63.97 and 56.94 D. The electronic 
contribution is of L i + N - polarity, while the nuclear contri­
bution is of opposite sign. Thus the dipole moment is 7.0 D. 
Similarly, the 3II state dipole moment at R - 3.2 bohrs is 
predicted to be 6.2 D. For comparison, the dipole moment 
of LiF is 6.33 D.38 The same dipole moments were obtained 
using the wave functions described in this paper: /u(3n) = 
5.27 D; M ( 3 2 ~ ) = 6.17 D at R = 3.4. Thus it is reasonable 
to conclude, on this ground as well, that LiN is distinctly 
ionic. Although this conclusion might appear to be an ob­
vious one, it should be pointed out that the nitrogen atom is 
much less electronegative than fluorine. The most obvious 
evidence of this is the fact that N - in its ground state is un­
stable39 relative to N + e, while the electron affinity of F is 

Configuration 
Couplings 
Included Coefficient 

1. 
2. 
3. 
4. 
5. 
6. 

1. 
2. 
3. 
4. 

a hefty; 

1CT22CT23CT24<72] 

4al77 -» 5a27T 
4 C T 2 - > 5 C T 2 

4CT-<- 5CT 

4oln -* 6o3-n 
lTT2-+27T2 

1CT22CT23CT24CTL 

ITT -> 2TT 

I T T 2 - * 2TT2 

4CT17T -*• 5CT2TT 

3.4OeV.40 

3Z-
[TT2 

-(R 

3n(.R = 
rr3 

= 3.4 bohrs) 
1 
2 
1 
2 
2 
1 

3.2 bohrs) 
1 
4 
4 
4 

0.984 
0.100 
0.069 
0.060 
0.045 
0.044 

0.970 
0.163 
0.133 
0.069 
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