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TABLE 1. Pair-correlation function at contact.

por a £o) glor
0.1 1.086 1.137 1.14
0.2 1.181 1.307 1.31
0.3 1.275 1.524 1.52
0.4 1.366 1.805 1.80
0.5 1.451 2.179 2.18
0.6 1.532 2.693 2.70
0.7 1.608 } 3.433 345
0.8 1.680 4.568 4.61
09 1.749 6.478 6.55

* Numerical solution of the PY equation (Ref. 6).

S''(r) = 1 exactly and ¢(r) is determined by Eq. (3), where ¢(0)
and ¢(1) can be calculated from Eq. (4) and Eq. (3) for r = 1.

A simple Ansatz for S (7} is

S'(r) = (1 — a?P/4)d— 12 (5)
which is exact not only in one but also in three dimensions.
Furthermore, in the low density limit, if = 1, the Ansatz is
exact for all d. The pressure of the fluid is related to the pair
distribution function at contact g(1) = — ¢(1) by the virial
theorem P/pkyT =1+ pV, -g(1)/2. In odd dimensions
the pressure, as given by the PY approximation, diverges at
the packing fraction 7 = p¥,/2¢ = 1. Assuming this to be
the case also in even dimensions the Ansatz (5) is exact in the
high density limit 77— 1 for all 4 also, if @ = 2. Ford > 1 the
parameter a can be determined by calculating the third deri-
vative of ¢(r) at r = 0 yielding

s70) = -4+ ..___dil
X {Le(D)]? = 2(1)e"(1)
— (d = 1))} /e(1). ©)

For d = 3, solving Egs. (6), (4), and (3) for » = 1, one finds the
exact result a(n) = (1 + 2%)/(1 + /2). For d = 2, integra-
tion of Eq. (5) yields

. far\ . ar ar\?]'?
St = Z)+ 21— (2] e 7
n [ms'n(z)+2[ (2 ¢ @)
Solving Egs. (6), (4), and (3) for » = 1 the parameter a is found
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FIG. 1. Direct correlation function ¢{r) for various densities po 2. The dots
are the numerical solution to the PY equation.

to increase monotoneously froma=1atp=0toa =2 at
7 = 1. As can be seen from Table I the resulting pair correla-
tion function at contact g(1) is in good agreement with the
numerical exact solution to the PY equation.® Also, in the
high density limit, »— 1, the Ansatz (5) implies that g(1) di-
verges as (1 — 77) ~“+ 2 which is consistent with known
results in odd dimensions.’

Although the Ansatz (5) does not reproduce the next to
leading term in the virial expansion of §'(r) exactly, which is
expressible by elliptic integrals in even dimensions, the re-
sulting direct correlation function is a good approximation
to the numerical exact solution of the PY equation in the
whole density regime as is demonstrated in Fig. 1. Thus the
simple analytical expressions (3) and (7) for the direct corre-
lation function c(r) of a hard disk fluid may be helpful in
applications involving the structure of two-dimensional sys-
tems.
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Negative ion photoelectron spectroscopy of TeH™
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The tellurium hydride diatomic radical has been studied
by paramagnetic resonance,’ by flash photolysis with flash
spectroscopy in the ultraviolet,?* and indirectly by electron
impact ionization* of H,Te to yield HTe*. Here, we report
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the recording of the photodetachment spectrum of TeH ™ by
negative ion photoelectron spectroscopy. In the past, photo-
detachment spectroscopies have been employed by several
investigators®” to study the electronically analogous nega-
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tive ion hydrides OH~, SH™, and SeH™. Our work on
TeH ™ adds a fourth ion to the list of diatomic group VI B
hydride negative ions which have been studied by photode-
tachment techniques. )

In negative ion photoelectron spectroscopy a mass-se-
lected negative ion beam is crossed with a fixed-frequency
laser beam, and the resulting photodetached electrons are
subjected to energy analysis. Our apparatus, which has been
described previously,® employs a Wien velocity filter for
mass selection, an argon ion laser operated intracavity in the
ion—photon interaction region, and a magnetically shielded,
hemispherical electron energy analyzer. The ion source'used
in this work was a cold cathode Penning discharge source of
the type originally developed by Heinicke e al.? This source
consists of a cylindrical anode, two button cathodes located
near opposite ends of the anode, an oven for supplying va-
pors to the anode, and an electromagnet for generating a
magnetic field along the axis of the anode cylinder. Negative
ions were extracted radially through an aperture in the side
of the anode into the photoelectron spectrometer. To gener-
ate tellurium-containing negative ions, elemental tellurium
was heated in the oven to ~ 500 °C to provide ~1 Torr of
vapor pressure to the anode, and argon was added as the
discharge support gas. Mass spectra of the negative ions pro-
duced in this fashion showed the presence of Te,_,,
TeO™, and TeO; . TeH ™ was concealed by Te™ in these
mass spectra both because of our available mass resolution
and because it was masked by the wide isotopic pattern of
tellurium. Since Te ™ and TeH ~ were not separated from one
another by our mass selector, they were photodetached si-
multaneously in the photoelectron spectrometer thereby re-
vealing the presence of TeH ™ spectroscopically. The Pen-
ning source has a propensity for forming oxide and hydride
negative ions even when there is no evident supply of 6xygen
or hydrogen available. We suspect that water baked off the
oven and the discharge electrodes may be the source of the
necessary ingredients.

A photoelectron spectrum recorded with 2.540 eV pho-
tons and containing both the well-known spectrum of Te™
and the heretofore unknown spectrum of TeH ~ is presented
in Fig. 1. Under peaks A and B reside the atomic photode-
tachment transitions'® of Te™. Peak C is the sole spectral
feature in this spectrum corresponding to TeH™ (TeH™,
X3+ TeH, X I1,,,). Several such photoelectron spectra
were recorded with the mass selector alternately tuned to the
low, the middle, and the high mass sides of the unresolved
Te™/TeH™ mass peak. While the ratio of the height of peak
A to that of peak B remained constant at all three mass posi-
tions, the ratio of the height of peak C to that of peak A (or B)
was largest on the high mass side and lowest on the low mass
side. This is consistent with peak C deriving from a negative
ion species with the same wide isotope pattern as Te™ but
with a slightly higher mass. Furthermore, the addition of H,
gas into the source had the effect of increasing the ratio of
peak C to peak B (or A) by as much as a factor of 2.

The photoelectron spectrum of TeH™ (peak C) is self-
calibrated by the Te™ transitions in the same $pectrum and
these also provide an energy scale compression factor of

1.026 and an electronic temperature for ions produced in

this source of 1700 4+ 200 K if a Boltzmann distribution is
assumed. The adiabatic electron affinity of TeH was calcu-
lated from the following equation:

E.A.(TeH) = E.A.(Te) + y[Q(Te ™) — Q(TeH)]

+m W[ L _ L ], (1)
M(Te) M (TeH)

where E.A.(Te) is the electron affinity of tellurium, y is the
energy scale compression factor, {)(Te™) is the laboratory
electron kinetic energy position for the Te ™, 2P,,, —Te, *P,
transition, }(TeH ) is the laboratory electron energy for the
TeH ™ transition, m is the mass of an electron, W is the beam
energy (500 eV), and M (Te) and M (TeH) are the respective
masses of Te and TeH. From this the electron affinity of TeH
was found to be 2.102 + 0.015 eV. Using this determination
in conjunction with the dissociation energy for TeH reported
by Balkis et al.* gives an estimate for the dissociation energy
of TeH™ into Te™ and H of 2.0 eV.

The formation of the negative ions of the group VI B
diatomic hydrides is thought to involve the addition of elec-
trons into nonbonding orbitals of the neutral hydrides. Pho-
todetachment studies of OH —, SH™, and SeH ~ indicate that
the structures of these negative ions are very close to those of
their corresponding neutrals.>” The single peak observed in
our photoelectron spectrum of TeH ™ leads to the same con-
clusion. As predicted by Cade,'! the magnitudes of the elec-
tron affinities of the group VI B diatomic hydrides are closer
to those of their constituent group VI B atoms than they are
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FIG. 1. The photoelectron spectrum of Te~ and TeH ™ recorded simulta-
neously with 2.540 eV photons and presented in terms of center of mass
(c.m.) electron kinetic energies. Peak A corresponds to the Te ™, 2P, ,, —»Te,
3p, transition. Under peak B reside the Te™, 2P;,,—Te, *P,, *P,, and the
Te~, 2P,,—Te, P, transitions. Peak C corresponds to the TeH™,
X '3+>TeH, X *,,, transition. The TeH ™, X '2+—>TeH, X *I1,, tran-
sition is energetically inaccessible in this spectrum (Ref. 3).
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TABLE L. Electron affinities (eV) of the group VI B atoms, their diatomic hydrides, and the halogen atoms.

Group VI B atoms (Ref. 12) Group VI B hydrides (Ref. 13)

Halogen atoms (Ref. 12)

0] (1.462) OH (1.828)
s (2.077) SH (2.317)
Se (2.021) SeH (2.21)

Te (1.971) TeH  (2.102)

F
Cl
Br
I

(3.399)
(3.615)
(3.364)
(3.059)

to those of their halogen atom isoelectronic analogs. The
hydride electron affinities also approach those of their group
VI B atoms more closely as one proceeds to the heavier spe-
cies. Table I summarizes these periodic trends. Each of its
columns exhibits the same pattern in which the electron af-
finity increases in going from the first to the second rows and
then decreases in going to the third and fourth rows. The
electron affinity of TeH determined in this work fits nicely
into these periodic trends.
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Multiphoton ionization spectra of trans-1,3-butadiene: Reassignment
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A new Rydberg series of trans-1,3-butadiene has been
recently observed using two-photon resonant, three-photon
ionization in the 330-269 nm wavelength region.! The rate-
limiting step in the multiphoton ionization process is the
two-photon transition from the ground state. For this transi-
tion, either an s or a d final state is optically allowed. An ns
assignment was originally made due to the spectral similar-
ity of the proposed 4s and 5s origins and associated vibronic
structure with that of the 3s origin region.? Subsequently, we
have learned that the same Rydberg series has been observed
by Otis and Whetten and that their results on the polariza-
tion behavior are not consistent with an s series assignment.?
Therefore, we have reexamined the butadiene multiphoton
ionization spectrum using both linearly and circularly polar-
ized light.

The theoretical basis for classifying the symmetry of
electronic states based on the polarization dependence of
their two-photon transition rates has been developed by
Monson and McClain* and generalized by McClain.® Nasci-
mento has extended the theory to open shell molecules and
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provided a simple set of rules for any two-photon transition
in the case of randomly oriented molecules.® These rules can
be expressed in terms of the ratio of the two-photon transi-
tion rate for excitation due to circularly polarized light to
that for excitation due to linearly polarized light,
Q) = O ircutar/ Tlinear - The results may be summarized as (1)
Q) < 1 for transitions between states of the same symmetry
and (2) Q2 = 3/2 for transitions between states of different
symmetry. Thus a study of the ratio of the ionization signal
for circular vs linear polarization should provide informa-
tion on the symmetry of the Rydberg states.

The trans-1,3-butadiene molecule belongs to the C,,
symmetry group, and its ground state electronic configura-
tion is of 4, symmetry. Since the observed limit of this Ryd-
berg series is the lowest ionization potential of butadiene,'
the excitation must be from the highest occupied molecular
orbital (orbital symmetry b, ). For an electron promoted to
an ns Rydberg orbital, the resulting symmetry of the excited
stateis B, . For an electron promoted to an nd Rydberg orbi-
tal, the symmetry of the excited state is either 4, for the ndm
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