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Abstract. The negative ion photoelectron spectrum of
"Li; is reported at 488 nm (2.540 eV). Three electronic
bands are observed in this spectrum and are assigned to
the following photodetachment transitions: ’Li,,
X'Zr+e <TLiy, X?X7; TLi,, &Xf+4e «'Liy,
X2X;;and 'Li,, A ZF +e” «Liy, X227 The electron
affinity of "Li, is determined to be 0.4374+0.009 eV, lead-
ing to an anion dissociation energy, D,, of
0.865+0.022 eV for the ground state of 'Li; . A Franck-
Condon analysis of the "Li,, X' X +e~«'Liy, X?2}
band yields the following spectroscopic constants for the
ground state of “Li;: B,=0.50240.005cm~},
r,=3.094+0015 A, and w,=232+35cm™".

PACS: 33.60.—q; 35.20.Dp; 35.20.Gs; 35.20.VL

1. Introduction

Lithium dimer is the smallest homonuclear diatomic
molecule capable of forming a stable negative ion. Al-
though H, is isoelectronic to Li,, the X2X state of
H; is not stable with respect to autodetachment and
thus exists only as a resonance [1]. In addition, He,
has been observed only as a high-lying metastable in
a *II, state [2-4]. Due to its fundamental nature, Li;
has been the subject of numerous theoretical studies,
nearly all of which predict a bound ground state of 2%}
symmetry [ 5—-13]. Despite this theoretical interest, exper-
imental information regarding the bound nature of this
species has thus far been limited to mass spectrometric
observations of Li; [14, 15]. Other information regard-
ing the interaction of electrons with Li, has been pro-
vided by dissociative electron attachment studies and
the observation of electron scattering resonances [16,
17]. Here, we present the photoelectron spectrum of Li;
along with spectroscopic constants for the X 2%, Liy
ground state which were extracted from a Franck-Con-
don analysis of the photoelectron spectrum.

2. Experimental

Negative ion photoelectron spectroscopy is conducted
by crossing a mass selected beam of negative ions with
a fixed-frequency photon beam and energy analyzing the
resultant photodetached electrons. Our negative ion
photoelectron spectrometer has been described previous-
ly [18]. Briefly, anions arc generated in a supersonic
expansion cluster ion source, skimmed, and transported
through a series of ion optical components on through
an ExB Wien velocity filter where they are mass se-
lected. After being focused into the field-free, collision-
free ion/photon interaction region, the mass seclected
cluster ion beam is crossed with the intracavity photon
beam of an argon ion laser operated at visible wave-
lengths. A small solid angle of the resulting photode-
tached electrons is accepted into the input optics of a
magnetically shielded, hemispherical electron energy an-
alyzer, where the electrons are energy analyzed and
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Fig. 1. Schematic diagram of our high temperature supersonic ex-
pansion ion source. The components of the source are: (A) oven
reservoir, (B) oven reservoir heaters, (C) nozzle, (D) nozzle heaters,
(E) high temperature skimmer, (F) skimmer heaters, {G) magnets,
(H) ionizing filament, (T) radiation shields, and (J) copper cold shield
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counted. The photoelectron spectra of lithium dimer an-
ion were recorded with an instrumental resolution of
30 meV at photon energies of 2.540 ¢V and 2.707 eV.
Beams of lithium dimer anion were produced using
a specially designed high temperature seeded beam su-
personic expansion ion source. A schematic diagram of
the source is presented in Fig. 1. The main portion of
the source is a high temperature oven consisting of sepa-
rately heated reservoir and nozzle sections. Both sections
are constructed of stainless steel (type 304) with evenly
spaced holes in each for inserting heaters. The heaters
consist of tantalum wires (0.5 mm diameter) insulated
using high purity multi-hole ceramic rods (99.8% Al,O,,
McDanel). High purity lithium metal (99.9% Aldrich)
is heated in the reservoir to 1300 K, yielding approxi-
mately 50 torr of lithium vapor which is coexpanded
into high vacuum with 50-150 torr of preheated high
purity argon (99.99%) through a 0.15 mm diameter ori-
fice in the nozzle section (maintained at 1350 K). The
use of higher carrier gas pressures was found to induce
severe beam instabilities and to drastically reduce ion
currents. A negatively biased hot thoriated iridium fila-
ment injects low energy electrons directly into the ex-
panding lithium-argon jet in the presence of a predomi-
nantly axial magnetic field which is used to enhance ion
production. The beam is skimmed by a high temperature
conical skimmer and ions are extracted into the spec-
trometer. The stainless steel skimmer is heated in a simi-
lar mannper to the oven, and its design allows for temper-
atures of 1000 K to be maintained at the tip. This was
found to be a necessary condition for preventing occlu-
sion of the skimmer hole. Under these conditions, typical
currents measured downstream of the ion-photon inter-
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Fig. 2. A mass spectrum of Li,_, ;. This spectrum was recorded
under high ion transmission conditions using a relatively low Wien
filter electric field setting

action region ranged from 10-60 pA for Li; , and a re-
presentative mass spectrum of Li,_, ;5 is presented in
Fig. 2.

3. Results and discussion

The photoelectron spectrum of "Li;, recorded using
2.540 eV photons, is presented in Fig. 3. This spectrum
was recorded over about 3.5 hours with a "Li; current
of 1060 pA and a circulating laser power of 120 W.
The absolute kinetic energy scale was calibrated by re-
cording "Li~ spectra immediately before and after the
"Li; spectrum, and comparing the measured electron
binding energies to the established value for the electron
affinity of the lithium atom [19, 20]. The “Li; spectrum
is highly structured, with individual peaks arising due
to photodetachment transitions between the X2
ground state of "Li, and the ground and energetically
accessible low-lying excited electronic states of "Li,. All
of the features in this spectrum have been assigned, guid-
ance having been provided by available theoretical re-
sults and optical data [21-25]. Assignments of the pho-
todetachment transitions giving rise to each feature in
the photoelectron spectrum are given in Fig 3 above
each corresponding spectral feature. The lowest electron
binding energy (EBE) feature corresponds to the photo-
detachment transition from the X 2% ground state of
"Li; to the X'%' ground state of "Li,. The spectral
width of this feature is a consequence of a vibrational
progression, and the appearance of several distinct vibra-
tional features in this band has allowed a detailed analy-
sis to be carried out which will be discussed below. The
next highest EBE feature in the spectrum is due to the
"Liy, a2} +e” « "Li;, X?2} transition. A compari-
son of the determined spectroscopic constants for the
X253} state of "Li; with high level calculations [22]
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Fig. 3. The photoelectron spectrum of “Li; recorded using 2.540 eV
photons. Assignments for the photodetachment transitions giving
rise to each spectral feature are designated on the figure



on the a3%, state of "Li, suggests that the spectral shape
of this feature on its low EBE side reflects access of
the weakly bound portion of the a®Z," potential while
the shape of the high EBE side reflects access to the
repulsive portion of this potential at smaller internuclear
distances. The highest EBE feature in the spectrum arises
due to the "Li,, A X +e” « "Li;, X*X, transition.
The width of this feature implies that the equilibrium
bond distances of the X 2X,' state of "Li; and the 41,
state of "Li, are very similar. The photoelectron spec-
trum of 7Li; displays the same qualitative features as
the spectra of the heavier homonuclear alkali dimer an-
ions which we have reported previously [26], with one
exception. At the photon energies employed in this study
and in our previous work, the M,, b3l ,+e” « M7,
X227 transitions should be energetically accessible for
all the alkali dimer anions. The feature corresponding
to this transition appears clearly as a small shoulder
on the low EBE side of the M,, A'%Z +e” « M, ,
X257 transition in the spectra of Na; , K5, Rb;, and
Cs; . In the photoelectron spectrum of Li;, however,
no such feature is observed. Since the M,, b3II,+e~
«Mj;, X2%} transition is a two electron process, its
apparent absence in the spectrum of Li, may indicate
that contributions of = orbital-containing configurations
to the total ground state configuration of Li; are signifi-
cantly less than those to the total ground state configura-
tions of the heavier alkali dimer anions.

The adiabatic electron affinity of lithium dimer was
determined by two approaches, both of which were
found to yield the same result. In one approach, an accu-
rate determination of the adiabatic electron affinity of
"Li, was made by subtracting the energy of the
AZF (' =0)—> X2} (v'=0) optical transition [25] in
"Li, from the EBE of the center of the spectral feature
corresponding to the "Li,, A% +e” « "Li;, X2Z}
transition in the photoelectron spectrum of "Lis . This
band appears as a single narrow feature in the photoelec-
tron spectrum. A consideration of the vibrational fre-
quency of the A%, state of "Li, [24, 25] implies that
this band must be dominated by a single vibrational
feature corresponding to the "Li,, A'% (=0)+e"
« iy, X?*X ("=0) photodetachment transition
(along with much smaller contributions from other
Av==0 photodetachment transitions). Thus, subtracting
the 4127 ('=0)— X% (v"=0) transition energy for
"Li,, from our measured Li,, A'Z} (' =0)+e”
«Liy, X 2%} (v"=0) transition energy (EBE) gives the
energy difference between the X 2%, (v =0) state of "Li;
and the X ' (v' =0) state of "Li,, i.e. the adiabatic elec-
tron affinity. In order to ascertain that our measurement
of the "Li,, A% ('=0)+e  «7Li;, X?5'(v'=0)
transition energy was not affected by the electron trans-
mission function of our energy analyzer, we also re-
corded the spectrum of "Li; at 457.9 nm (2.707 eV}. The
measured EBE’s of the peak centers for this transition
measured using 2.707 eV and 2.540 ¢V photons agreed
to within 1 meV, which lies well within the error limits
for determining absolute electron binding energies in this
experiment. The rotational energy correction [27] to the
"Liy, A2 (' =0)+e” «"Liy, X 22 (v =0) transition
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Fig. 4. A long integration time scan over the "Li,, X' 5 4¢”
«TLiy, X% electronic band recorded using 2.540 eV photons.
The assignments of several vibrational features in this band are
designated on the figure, where ("} denotes an anion vibrational
level and (') denotes a neutral vibrational level

energy was also considered. Due to the very similar equi-
librium bond distances, and thus similar rotational con-
stants of the X 2%, state of "Li; and the A%, state
of "Li,, the rotational energy correction here is negligi-
ble. In fact, using the spectroscopic constants determined
in this study for the X 2% state of "Li; (see below)
we estimate this correction to be less than 1 meV. Thus,
the value for the adiabatic electron affinity of "Li, deter-
mined here is 0.43740.009 eV. The stated uncertainty
is chosen to account for all possible efrors in absolute
kinetic energy scale calibrations, errors in determining
the energy scale compression factor, and errors in the
peak fitting procedure. Our experimental value for the
adiabatic electron affinity of "Li, is in good agreement
with several theoretical values [7-11]. Of course, the
adiabatic electron affinity corresponds to the EBE of
the "Li,, X ' (' =0)+e™ « "Li; , X 27 (v =0) transi-
tion,

Spectroscopic constants for the ground state of "Liy
were obtained by performing anharmonic Franck-Con-
don spectral simulations of the "Li,, X ' + e~ « "Li;,
X 2% band. In order to facilitate this procedure, a long
integration time scan was performed on this band using
2.540 eV photons, and this spectrum is shown in Fig. 4,
along with assignments for several vibrational features.
Simulations were gencrated using the known values of
w,, w,X,, and ¥, for "Li, [24] and by varying the origin
band position, the vibrational frequency, vibrational an-
harmonicity, equilibrium bond distance, and vibrational
temperature of the anion. The simulated spectra were
then compared to the empirical spectrum in a least
squares sense. This procedure yielded an assignment of
the vibrational features in this band as well as the spec-
troscopic constants for the ground state of "Li; . The
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EBE of the (t'=0+«1"=0) feature gave the adiabatic
electron affinity by a second approach confirming that
determined by the first method. The spectroscopic con-
stants determined for "Li; are: B,=0.502+0.005 cm™*,
r,=3.094+0.015 A, and w,=232435cm™'. The anion
vibrational anharmonicity was not determined here since
this quantity had no significant effect on the fit. In addi-
tion, a vibrational temperature of 280 K was determined
for 7Li; . Finally, using our experimentally determined
value for the electron affinity of "Li,, the dissociation
energy of "Li; was determined via the following thermo-
chemical cycle:

Do[Li; , X2%,"]
=Do["Li,, X 2]+ E.A.['Li,] — E.A.[Li] (1)

Using the recommended value for the dissociation ener-
gy of "Li, [28] and the established literature value for
the electron affinity of Li [19, 20], a value of
0.865+0.022 ¢V was obtained for Do[7Li;, X231
This value along with the other spectroscopic constants
for the X 25" state of "Li; are in good agreement with
those determined in several theoretical investigations.
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