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Ionization energies of Lirt(OH)n-i (n = 2-5) clusters are reported. Photoionization time-of-

flight mass spectrometry of a jet-cooled cluster beam are applied to the determination of the ionization

energies of these clusters, varying the photon energy. Clusters are generated by laser ablation of

lithium metal in the presence of water vapor. The ionization energies are determined as 4.32, 4.10,

3.29, and 3.58 eV for the clusters with n = 2-5 respectively. Ab initio molecular orbital theory and

density functional theory calculations are carried out to obtain theoretical ionization energies and

structures of stable isomers. Good agreement has been found between experimental and theoretical

values for the most stable structural isomer in each cluster size. In particular, measured ionization

energy suggests that symmetry breaking occur in the most stable Li3(OH)2 isomer, indicating a loss of

metallic character as seen in Li2OH.
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1. Introduction

Metal-rich non-stoichiometric binary clusters are studied extensively in this decade because

those clusters are expected to show transitional character between metal and insulating nanocrystal.

For example, LirtO (n = 2-70) clusters consist of metallic Lirt-2 and ionic Li2O [1], while BartO/n (n =

2-13, m < n) clusters are not segregated into metallic and ionic part well [2]. For non-stoichiometric

alkali halide clusters, such as NanFrt-i [3], the excess electron localizes in a specific site; one type of

segregation. Here, metallic part is quite limited to a small portion of clusters. On the other hand,

hyperlithiated molecules [4] like CLig, Li3O, and Li2CN have totally delocalized excess electrons

which can be regarded as free electrons in metal, because such electrons can move freely within

cluster's frame. It is not clear how large cluster size can maintain metallic character like hyperlithiated

molecules.

Ionization energies quite largely depend on the location of the excess electron in Lirt(OH)n-i

clusters. We performed extensive theoretical calculations on structure of isomers and their ionization

energies to elucidate a relation between ionization energy and structure [5]. As a result, number of

terminal lithium atoms (connecting to only one oxygen) was found to correlate strongly to the vertical

ionization energy. Using this relation, we can depict cluster structures from ionization energies.
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2. Experiment

Jet-cooled cluster beam were generated by an ablation source originally developed by

Smally's group [6]. Lithium-excess lithium hydroxide clusters were produced by laser ablation of

lithium metal in the presence of water vapor which were injected into a clustering channel by a pulse

valve synchronized with ablation laser pulse. Frequency doubled Nd:YAG laser pulses were used for

ablation. The pulse width was 6 ns. The pulse energy was 8 mJ. After 25 cm field-free flight, jet-

cooled clusters were ionized by another Nd:YAG laser pulse through two frequency doubling crystals;

fourth harmonic wave generation system. The pulse width was 6 ns and the pulse energy was 1-2 mJ.

Cations generated were accelerated by Wiley-Mclaren type ion accelerator and detected by a micro

channel plate located 1 m away from the accelerator. The ion signals were recorded in a digital

oscilloscope as a function of flight time. To obtain threshold ionization energy for each species, the

photon energy of ionizing laser pulse was varied from 3.5 to 5.0 eV.

3. Results and discussion

Ion signals from Li r t(OH)M-i+ (n - 2-7) were

detected at rn/z = 31, 55, 79, and so forth. The assignment

were confirmed by the isotopic pattern coefficients calculated

from the natural abundance of ^Li and 7Li. A recurrence of

intense peaks with 24-mass interval were observed in mass

spectra as shown in Fig. l(a), indicating the presence of LiOH

units in the cluster system. The mass spectral pattern

observed here shows photon-energy dependence, that is,

lower-energy photons give weaker signal intensity for the

smaller clusters but unchanged intensity for larger clusters.

For example, peaks for n = 2 and 3 vanished as shown in Fig.

l(b). We can determine the ionization energy of each species

by measuring the photon energy from which signals begin to

appear. The ionization energy of Lirt(OH)rt-i (n = 2-5)

determined in this manner are listed in Table 1 together with

theoretical ionization energies for the most stable

isomers. Apparently, the measured ionization

energies agree well with the calculated vertical

ionization energies of the most stable isomers except

for the case of n = 3.

As reported in Ref. [5], calculated most stable

isomer has an electronic structure segregated into

ionic part and metallic part in the case of n = 4 and 5.
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Fig. 1. Typical mass spectra measured
at 275 and 332.5 nm.

Table 1 Ionization energies of L\n(0W)n.\ clusters

Species Ionization energy
Expt. Calc.

Vertical Adiabatic

Li2OH
Li3(OH)2

Li4(OH)3
Li5(OH)4

4.32
4.10

3.29
3.58

±0.10
±0.10

±0.20
+ 0.10

4.49
3.65
4.18a
3.40
3.55

4.07
3.65
4.18a
3.38
3.50

On the Other hand, most Stable Structure for n = 2 a location enegies for the second most stable isomer
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shows totally delocalized excess electron distribution; hypermetallic electronic structure. The

ionization energies measured in the present study confirm these theoretical results.

For n = 3, the second most stable isomer has the closest ionization energy to the measured

value and has virtually the same stability as the most stable isomer. The potential energy difference is

calculated as only 0.6 kJ/mol between these two isomers. Figure 2 shows typical isosurfaces of the

singly occupied molecular orbitals (SOMO) accommodating the excess electron of these two isomers.

The most stable isomer 1 has a SOMO spread

over the all lithiums as can be seen in other - ^ . . H i . £i

hyperlithiated molecules. The second most "

isomer 2 has a SOMO localizing around the

terminal lithium, exhibiting segregation. The

present experimental ionization energy - . - '

indicates that the real most stable structure is i 2

electronically segregated isomer 2. Fig. 2. Singly occupied molecular orbitals of the two
lowest isomers of Li3(OH)2-

4. Conclusion

The present experiment elucidated the transition from metallic electronic structure to ionic one

with increasing cluster size of non-stoichiometric clusters. The transition has been found to occur at n

= 3 in the Lirt(OH)rt-i cluster system from the measured ionization energies with the aid of ab initio

molecular orbital theory calculations.
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