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{e) Statistical considerations tend to favor higher dicate that there exist interesting dynamical effects to
rotational states [due to the (2j+1) degeneracy]. How be studied in heterogeneous chemical reactions.

well are these results explained by statistical theories?

Several of these questions will be addressed in a
more detailed presentation of this research to appear 3. H, McCreery and G. Wolken, Jr., J. Chem. Phys, 63,
later. However, the preliminary results seem to in- 2340 (1975).

Theoretical predictions of stable negative ions: HF -,
LiH-, NaH~
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We have employed the equations-of-motion (EOM) of HF", LiH", and NaH"~, The results lead us to predict
method!? to investigate the possible existence of stable that the lowest 2T states of these anions are stable.
(with respect to dissociation and autodetachment) states These negative ions, which have one electron outside a
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clogsed-shell parent whose dipole moment is greater than
1.625 D (pyr=1.82D, p14=5.88D, uy,xn=6.98D)
have not yet been detected experimentally as stable spe-
cies. The absence of experimental observation of the
above anions and theoretical work® showing that bound
states exist for an electron in the field of a dipole of
(fixed) magnitude greater than 1,625 D make it interest-
ing and timely to consider the possibility that HF, LiH,
and NaH can have stable negative ions.

In this investigation, we employed basis sets in which
diffuse Slater-type orbitals (STO’s) have been added to
the electropositive atom to permit the “extra” electron
to attach to the positive end of the polar parent mole-
cule, Earlier attempts® to study the ground state of HE"
have either excluded diffuse basis functions, assuming
that they would allow the extra electron to escape, or
have not included appropriate diffuse functions on the
hydrogen atom. The basis sets used in our work are
described below,

We find, even in the Koopmans’ theorem® (KT) ap-
proximation; that HF", LiH", and NaH" are bound spe-
cies with respect to autodetachment and dissociation.
Corrections to the KT approximation arising from or-
bital relaxation and electron correlation effects are found
to be small. This result suggests an interpretation in
which the extra electron resides in a nonbonding orbital
which permits little dynamic interaction with the other:
electrons., These results are discussed in detail later.

Displayed in Table I are the basis sets used in these
calculations, They were constructed by taking dominant
orbitals from the appropriate neutral-molecule bases of
Cade and Huo® (CH) and adding optimized diffuse s and p
orbitals on the more electiropositive atom, In particu-
lar, the LiH basis contains ten of the most import CH
STO’s to which a diffuse 2s hydrogen orbital and two sets

TABLE I. STO basis sets for LiH, NaH, and HF, LiH: R,
=3.015a.u.,, E=-7,9866 a.u,; NaH: R,=3.566 a,u., E
=—161,9422 a.u,; HF: R,=1,733 a.u,, E=-100,0192 a, u,

LiH NaH HF
1s,Li (4. 6990) 1s,Na (11,1543) 1s,F (14,1095)
1sgLi (2.5212) 25,Na (2, 0006) 184F {7.9437)
2s,Li® (1.2000) 2p,Na (4.1786) 2s,F (3.2563)
254 Li* (0. 7972) 2pgNa (2.2798) 25, F (1.9346)
25’ Li? (0. 6000) 3s,Na (6, 2601) 2p,F (4.2784)
2s¢’ Li* (0. 3000) 3ssNa (0, 9106) 2p4F (2.3732)
2p,Li {2, 7500) 3s/'Na (0. 4000) 2p'F {1.4070)
2p Li (1.2000) 3sg'' Na® (0. 2000) 2p,F (4,2614)
2pg’ Li (0, 7369) 3p,Na (1.2631) 2p¢F {2.3201)
2ps Li (0. 6000) 3pgNa (0,7108) 2pI'F (1.3584)
2p 1 Lit (0. 3000) 3ps'Nat (0. 4000) 1s,H (2.4605)
2peLi 0. 7369) 3pJ’' Na* 0. 1500} 1sgH* {1.3727
2pl Li (0. 3500) 2p,Na 4.1742) 2s,H (2.4615)
1s,H (1.5657) 2psNa (2.2828) 2s¢H* (0. 4000)
1s¢H (0. 8877) 3p,Na (0. 9636) 25y H® (0. 2000)
2s,H* (0. 4000) 1s.H (0. 7808) 2p HY (0. 4000)
2p.H {1.3765) 2s,H* (0. 4000) 2pH® {0, 2000)

*Atomic orbitals important in the description of the LUMO.
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TABLE II, Equations-~of-motion electron affinities and ioniza-
tion potentials and Koopmans’ theorem estimates (eV).

Species E.A. or LP. EOM —€1uMo Exptl?
LiH E,A. 0.2986 0.1997

NaH E. A. 0.3618 0.2897

HF E.A, 0,3558 0. 3555

HF I.P. 15,87 17.79 16,01
BH LP, 9.53 9,30 9.77
BeH"™ L P, 0,77 0.51 0,74
OH™ L. P, 1.76 3. 06 1.825

of lithium 7 functions were added. Diffuse 2s and 2po
orbitals, two of each, were placed on the lithium nucleus
to permit the formation of s—p hybrid orbitals, Expo-
nents of the added functions were optimized at the exper-
imental equilibrium bond length (R,) of LiH, after which
EOM calculations were carried out for several internu-
clear distances.

The NaH basis was constructed in an analogous fashion
from 15 dominant CH orbitals by adding a diffuse hydro-
gen 2s function and two diffuse 3s and 3po orbitals on
sodium. The exponents of these orbitals were optimized
at the experimental R, of NaH.

The basis for HF consists of 16 CH orbitals which are
most important in the description of the neutral molecule
to which we have added and optimized two diffuse 2s and
2po orbitals on the hydrogen atom. For each of the three
species, optimization of the exponents of the diffuse or-
bitals led to a negafive orbital energy for the lowest un-
occupied molecular orbital (LUMO). Thus, even in KT,
the 25 states of the ions are stable at the equilibrium
geometry of the parent.

The results of our EOM calculations and the KT esti-
mates for the equilibrium bond length of the parent are
shown in Table II. Also shown, for perspective, are
results of earlier calculations reported in Ref, 2. Over
a range of internuclear distances (2,0-4.5 a.u. for LiH,
2.0-4,25 a.u, for NaH, and 0.75-2.6 a.u. for HF), the
anion potential curves lie below the neutral molecule
curves.” Curve crossings did not occur, and the equi-
librium bond lengths of the ions were nearly the same
as those of the respective neutrals., The fact that dif-
ferences between KT and EOM electron affinites are less
than 0.1 eV is indicative of small correlation and re-
laxation effects in the electron attachment process.
Small relaxation effects can be understood by recalling
that the LUMO is a virtual Hartree—Fock orbital of the
parent which has been calculated uging the Coulomb and
exchange potential of all the parent’s electrons, The
LUMO is thus appropriate for describing an electron in
the field of the parent. The small correlation energy
change is in accord with a description in which the extra
electron resides in a region of space which is essentially
unoccupied by other electrons. We have found (see Table
I) that the LUMO’s in these systems are nonbonding or-
bitals on the electropositive atoms. Thus, it is not
surprising that formation of the negative ion does not
give large relaxation or correlation effects nor does it
significantly alter the equilibrium internuclear
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separation.

In summary, we find that our EOM electron affinity
results lead us to predict that LiH, NaH, and HF can
bind an electron to form a stable anion. Our studies
demonstrate that the inclusion of diffuse basis functions
on the electropositive center is essential for obtaining
stable states of HF", LiH", and NaH", A more detailed
description of our results will be reported in a full paper
in the near future,
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"Based upon our experience with the EOM method, we feel that
the stabilities of the anions considered here are probably
underestimated by 0.1-0.2 eV, We have never encountered a
situation in which the EOM theory has overestimated the sta-
bilitiy of a negative ion, The fact that all three ions are found
to be stable in Koopmans® theorem is strong evidence that
they are stable,

The measurement of T, and T, for the ammonia inversion
doublets in the ground vibrational state*
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We report in this Communication the measurement of
T, and T, in the ground vibrational state inversion levels
of 1*NH, for several values of J and K. We use the new-
ly developed transient experiments to measure, indepen-
dently, T, and T,.

Earlier experimental data coming from power satura-
tion measurements led to the conclusion that T;=T; in the
inversiondoublets of NH;. ! However, we find that the
T,/T, ratio varies over the range 1.0< T,/T,< 2, as
shown in Table I.

We have earlier developed the theory and experimen-
tal verification for transient experiments in microwave
spectroscopy. 276 According to this theory, when a two
level quantum mechanical system is brought into reso-
nance with a strong radiation field, a macroscopic po-
larization is induced and the population difference of the
two levels can be driven from equilibrium,. If the elec-
tromagnetic field is removed, the polarization decays
with a characteristic relaxation time T,, whereas the
population difference returns to thermal equilibrium with
a relaxation time 7. The relaxation mechanism can be
described by Bloch-type equations,

The T, data reported in Table I for the inversion tran-
sitions in 15NH3 were measured by transient emission as
a function of pressure using Stark switching of the ener-
gy levels as previously described.® The results for 1/7,
in Table I agree well with those transitions measured

The Journal of Chemical Physics, Vol. 63, No. 9, 1 November 1975

earlier.” We also found in this earlier work® that T, is

the same for the various M states within a given (J, K)
level for the inversion doublets. We have used the N
isotopic form of NH; in these experiments to avoid the
additional interpretive complications involving the nu-
clear quadrupole splittings in ¥NH,.

T, was measured by a n, 7, 7/2 pulse sequence, a
method that is also described earlier,® In this method
the J=M level for a certain inversion doublet is brought
into resonance with a strong microwave field by switch-
ing the Stark field on, After a time f, the polarization
oscillates back to zero. By this 7 pulse the population
difference is nearly inverted. The Stark field is then
switched off and the population decays exponentially back

TABLE I. The values of 1/Ty, 1/T,, and the T,/T, ratios for
several (J,K) states in the ground vibrational state of 1E'NH3.
Single standard deviations are given,

1 T.
o {(MHz/mTorr) TL (MHz/mTorr)  —%*
1 2

W,K) T,

t,1 0.20+0.01 0.141 0,003 1.420.1
2,1) 0,11+0.01 0.097 + 0. 003 1.1+0.1
2,2) 0.22+0,01 0,155+ 0, 003 1.4+0.1
(3,2) 0.19+0, 01 0.120+90.003 1.6+0.1
3,3) 0.28+ 0,02 0,157 +0.003 1.8+0.2
4,3) 0.23+0,01 0.134 + 0,003 1.7+0.1
4,4) 0.29+0, 02 0.157+ 0,003 1.8+0.2
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