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From the point of view of the electronic structure
of their constituents, solid hydrogen and deuterium
are the simplest molecular solids and the under-
standing of exciton states and interband transitions
in these systems is of interest. The energy levels
of solid deuterium in the range 11-14 eV was
studied by optical SpectrOSCOpy1 and by electron
energy loss.? We present the results of a spectro-
scopic study of solid hydrogen and deuterium in
the region 900-650 A (14-20 eV).

Our light source was a windowless helium dis-
charge lamp operated at 40 torr spanning the spec-
tral region 900-600 A. The lamp was attached
through a differential slit assembly o a normal
incidence 1 m vacuum monochromator (McPherson
225) equipped with a gold coated grating (1200 lines
per mm) blazed at 800 A. Photoelectric detection
was employed. Thin (~200 A for the pure solids
and ~2000 A for the mixed solid) films of solid hy-
drogen, deuterium and of neon-deuterium mixtures
(2% D,) were prepared by depositing the gases
(Matheson research grade) on a LiF window, coated
with liumogen® or with sodium salycilate convertor.
The window was attached to a helium flow cryostat
and cooled to 61 °K.

The absorption spectra of pure solid hydrogen
and deuterium (Fig. 1) in the range 14-20 eV are
practically identical. The prominent features of
these spectra are two broad bands peaking at about
930 A (13.4 eV) and at 710 A (17.4 eV). The ab-
sorption of deuterium impurity in solid Ne (Fig. 1)
in the range 14-17 eV (the upper energy limit being
determined by the absorption of the matrix) exhibit
just one band peaking at 890 A (13.9 eV) and no
analogue of the 710 A (17.4 eV) high energy band in
the pure solid is exhibited by the impurity spec-
trum.

The broad bands exhibited by the pure solids at
930 A (13.4 eV) and at 890 A (13.9 eV) in D, /Ne
are assigned to the n=1 Wannier exciton and im-
purity states, including large central cell correc-
tion, or alternatively, they can be described in
terms of a Frenkel state originating from the
X'3,-C'I, molecular Werner bands subjected to
large nonorthogonality corrections. The large
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bandwidth originates from a long vibrational pro-
gression which should be also exhibited by a Wan-
nier state.* The onset of the band—band transition
in the pure solids is given by’ E¢=1,+P,+Vy+E,
where I,=15.43 eV 8 is the gas phase ionization po-
tential, P, is the polarization energy, V, is the en-
ergy of the bottom of the conduction band, while E
is the half-width of the valence band. From the
study of Xe/H, and Xe/D, spectra P, +V ~—1--2
eV, " so that setting E,~0, E;~-13.5--14.5 eV
in the pure solids. The guess of E;=14.5 eV
seems to be reasonable in view of the weak absorp-
tion band observed in solid H, and D, around 860 A
(14. 4 eV) which may be due to high members of the
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FIG. 1. Absorption spectra of (1) solid H,, (2) solid
D,, and of (3) 2% D, in solid Ne. The absorption spec-
trum of (4) solid Ne is presented for the sake of compari-
son with (3). Films deposited and measured at 6 °K.
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Wannier series. For the D, /Ne impurity states we
have the matrix ionization potential Eg=I1,+P,+V,,
as for Ne(s) V,=+0.5° we expect Eq=I,=15.5 eV.
This high onset for the direct transition in the
solid Ne is consistent with the blue shift of the n=1
state (0.5 eV) of D, /Ne relative to the pure solids.
The absorption spectra of solid H,, D,, and D, /Ne
in the range 14.5-20 eV have no parentage in the
electronic excitations of the isolated molecule. ®
The high molecular Rydberg states and the ioniza-
tion continuum are replaced in the dense medium
by high Wannier states followed by the interband
transitions. *®

The broad band(width ~2.5 eV) peaking at 710 A
(17.4 eV) in the pure solids is assigned to the in-
terband transition. The alternative interpretations
are rejected. We do not assign this transition to
saddle point excitons® in view of previous objec-
tions raised in the interpretation of the spectra of
solid rare gases.'® Also, metastable excitons
originating from two electron excitations are ex-
pected to be located at higher energies. Our in-
terpretation is consistent with the absence of the
corresponding transition in D, /Ne.

The absorption coefficient A(%w) for the direct
transition from the valence band |v, k) to the con-
duction band lc, k’) (where k=k’) is® A(%w)
=34 g oK) I2[E (k) — E (k) — #w]. Assuming that
the transition moment p,(k) is reasonably constant

throughout the Brillouin zone A(%w) monitors

% OLE (k) ~ E,(K) - #w], i.e., the joint density of
states (JDOS). We propose that the broad optical
absorption in the range 14.5-18 eV monitors the
JDOS of solid H, and D, and as the valence band is
expected to be narrow the major contribution origi-
nates from the conduction band. These pure solids
are unique as in view of their simple electronic
structure no interference from the metastable ex-
citon originating from one electron transition from
lower lying conduction bands will be encountered.
Thus, the density of states in the conduction band
can be directly monitored from optical spectros-
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