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Energy of the So-called “ Third Transition’ and Intensity of Spin-
forbidden Band in Chromium (l11) complex of diethylamino-ethanethiol*

Summary

The electronic spectra of chromium (III) complex of diethylamino-
ethanethiol have been recorded. The value of Racah’s interelectronic
repulsion parameter (B) has been evaluated and employed for the
theoretical calculation of extra bands. The oscillator strength ratio
of spin-forbidden to spin-allowed bands with “intensity stealing”
has also been calculated.

Several recent reviews of chromium (III) spectral
datal=3 lead to the general belief that the three ligand
field parameters (10 Dq, Band C) are unable to repro-

* Received February 2, 1974.

duce adequately the energy of the so-called “third
transition” in octahedral complexes of d® configura-
tion. In order to test the correctness of this statement
the spectra of chromium (III) complex of diethyl-
amino-ethanethiol-hydrochloride (DEAET) which has
been characterized and described earlier! have been
recorded in dimethyl formamide on a Hilger Uvispek
spectrophotometer and the methods have been applied
which may be useful to obtain a numerical fit to the
relevant experimental data.
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Formation of Print-Out images on Large Crystals of Lead Chloride*

Summary

The presence of oxygen during exposure influences the formation of
print-out images obtained on large crystals of lead chloride. The
photolysis of these crystals can be divided into three different steps
as a function of the exposure time:

1) Short exposure times corresponding to the latent image,

2) longer exposures lead to a print-out image if they are made in
the absence of oxygen, and to an invisible one in the presence of
oxygen,

3) very long exposures give a print-out image (in the presence as
well as in the absence of oxygen).

For the same crystal and equally long exposure times, the visible
image obtained in the presence of oxygen penetrates deeper into the
crystal bulk than in the absence of oxygen. If an exposure in air
follows an exposure in the absence of oxygen, a bleaching of the
print-out occurs. These phenomena are interpreted as resulting from
the photo-oxidation of lead nuclei by the oxygen molecules adsorbed
at the crystal surface. As shown by diffuse reflectance measurements,
the reflectance of exposed crystal surfaces of PbCl, varies with the
square root of the exposure time up to certain saturation limit.

Introduction

In previous works!™* concerning the formation of
latent images on large crystals of lead halides, we have
shown that it is possible to develop latent images by
two different techniques. These methods allow us to
develop two types of latent images having different
properties. The photochemical behaviour of lead halides
is strongly depending on the presence of oxygen during
exposure to light 174,

The image obtained in the absence of oxygen is formed
by lead nuclei and can be developed by means of a
physical developer? acting by the selective reduction
of silver ions on lead nuclei. The image obtained in the
presence of oxygen is not possible to be developed by
this technique, but it can be developed by etching
with a solvent. We have assumed that in this latter
case, the latent image was formed by lead oxyhalides
resulting from the photo-oxidation of the lead halide
by the oxygen molecules adsorbed at the crystal sur-
face. We have shown that this photo-oxidation depends
on the pressure of oxygen, the light intensity, the exposure
time and the photosensitivity of the PbCl, crystal.
Based on these results, we have proposed a mechanism
for the photolysis of lead halides in which the reducing
action of the photoelectrons at the crystal surface plays
an important role.

The formation of the print-out image in lead halides
has already been studied by several authors®-1°, but
only little attention was given to the influence of oxygen
during exposure. Particularly, Kaldor and Somorjai®
have observed that no image is produced on PbCI,
exposed in air. Verwey?® noticed that the subsequent
illumination of a PbCl, crystal at 365 nm in presence
of oxygen and previously exposed under vacuum prod-
uced a bleaching of the print-out image.

* Received May 5, 1974.

In this work, we describe some new observations con-
cerning the influence of oxygen on the print-out image.
The photochemical decomposition of large crystals of
PbCl, is also followed by diffuse reflectance measure-
ments.

Experimental

The preparation of PbCl, crystals from the melt by the method of
Bridgman-Stockbarger!!, their polishing and their characterization
is described elsewhere!: ¢, Chemically polished crystals of PbCl, were
then exposed at room temperature to a polychromatic beam of light
coming from a mercury lamp. The intensity absorbed by the PbCl,
is in the order of 10* to 10'® quanta-s~'-cm™2 Exposures were made
either in air or under vacuum (10~ torr)!. The exposure time varied
between 15 min and 24 h.

Diffuse reflectance measurements were made with a spectrophoto-
meter «Zeiss» (model PMQ II with double monochromator MM 12
and with reflectance device KA). PbCl, crystals, mechanically pol-
ished to increase their reflecting power, were placed on an aperture
(4X5 mm) made in an Ulbricht sphere interiorly covered with
magnesium oxyde. The intensity of the light reflected by the crystal
surface was measured with a photomultiplier. A plate of magnesium
oxyde was used as a reference. Crystals are illuminated in air directly
in the reflectance device (without objective).

Results

Influence of oxygen on the print-out image

Table I gives a qualitative description of our results
obtained from the photolysis of large crystals of PbCl,.

Table I. Description of print-out images obtained on PbCl,

Exposure Print-out image Observations
time

Under vacuum Oto 2h None

Under vacuum 2to24h Black image Superficial, not

homogeneous,
fading of devel-
opable image

In air Oto 6h None

In air 6to24h Brown image Homogeneous,
internal, stable
developable
image

Under vacuum, >2h (vacuum) Clearer band in  Cannot be phys-

then in air 0to 6 h (air) thezone exposed ically developed
in air (fig.1)

Under vacuum, >2h (vacuum) Bronw band in  Internal, phys-

then in air > 6 h (air) air ically develop-

able

In air, then <6 h (air) Darker band in  Physically de-

under vacuum >2h (vacuum) the zone exposed velopable image
in air

Study of the photolysis by diffuse reflectance measurements

Fig.2 shows reflectance spectra obtained on four differ-
ent non illuminated crystals of lead chloride. These
measurements were influenced by the surface roughness
of the crystals.
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The photolysis of polished crystals of PbCl, shows three
distinct steps, each depending on the quality of the
crystal, the oxygen pressure during exposure, and the
light intensity.

1) During the first step, no print-out image is observed.
This is the range of the so called “latent image”.

— In presence of oxygen, lead oxychloride
(xPbO-yPbCl,) is formed by trapping of the
photoelectrons by oxygen molecules adsorbed at
the crystal surface. In this case, an image can only
be developed by etching!.

— In absence of oxygen, the latent image is formed
with lead particles, developable by means of a
physical developer? 3.

2) Inthe second step, the exposure in absence of oxygen *
gives a visible image. This image, developable by
etching, can also be developed by physical develop-
ment. The presence of lead nuclei is probably due
to the photodecomposition of surface aggregates of
lead oxide according to the reaction?® 4

PbO % Pb + 1)20,.

3) During the third step, a print-out image js observed,
whether exposures are made in presence or in ab-
sence of oxygen.

In the case of exposures in air, the brown surface image
is probably composed of lead oxide and metallic lead.
The internal part of this image is black and has the
same width as the beam of light. Our observations that
light contributes to the effect of penetration of the
image, although the largest part of the absorbed light
does not penetrate deeper than approximately 0,3 u 20,
may suggest that photons which are not absorbed by
lead chloride participate to the effect of penetration
of the image. As the presence of oxygen is necessary
during exposure to obtain an internal image, oxygen
must produce a surface modification such that the
photolytic properties of the crystal are changed.

The bleaching of the print-out image if the exposure in
air follows the exposure under vacuum corresponds to
the disappearance of the image also observed in the
range of the latent image® under the same exposure
conditions. The regression of the print-out image is
attributed to the photo-oxidation of a part of the lead
particles by the oxygen molecules adsorbed at the
crystal surface. This regression may be explained by
two complementary mechanisms:

1) The absorption of photons by lead nuclei produces
the excitation of conduction electrons of lead into
the conduction band of the crystal. These electrons
move towards the crystal surface where they are
trapped by adsorbed oxygen molecules. This mech-
anism is supported by the effect of secondary photo-
oxidation described in 3.

* No print-out image is observed if the exposure is made in presence
of cxygen.
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2) The photogenerated holes produced in the crystal
can be trapped by the lead nuclei while the photo-
electrons can react with the oxygen molecules ad-
sorbed at the crystal surface to form O~2 ions.

The observed bleaching of the print-out image results

from a decrease of the concentration of lead nuclei

associated with the surface oxidation.

The variation of the photolysis with the square root of

the exposure time could be due, according to Morantz

et al.l% and to Dawood et al.18:1% to the diffusion of
positive holes through a surface layer enriched in lead
particles. Fig.4 shows that the decrease of the reflec-
tance stops after a certain exposure time. As already
observed by Morantz et al.1°, the saturation effect
obtained for long exposure times is very pronounced
in the case of our crystals where photolysis seems to
stop completely. That observation may be related to
the penetration of the image in the crystal. The stop-
ping of the photolysis observed by diffuse reflectance
may only be apparent. It is eventually due to an equi-
librium between the formation of surface lead nuclei
and their oxidation by the holes coming from the bulk.

The presence of an internal image if exposures are made

in air suggests that lead nuclei can form in deeper layers

of PbCl, crystals, without changing the reflecting power
of the surface.
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symmetrischer N;-Valenzschwingung in beiden spek-
troskopischen Effekten (IR, Raman). Fiir die Abwei-
chung von der Planaritdt der Ringe sind vermutlich die
Packungsverhiiltnisse im kristallinen Zustand verant-
wortlich.

Die Raman-Spektren wurden mit Hilfe eines Laserstrahl-Gerits
(5145 A) des Typs Cary 83 registriert, die IR-Spektren wurden als
Nujolverreibungen zwischen CsJ-Scheiben am Perkin-Elmer-Gerit
457 erhalten. Fiir die Massenspektren stand ein CH-4-Gerit der

Atlas-Werke zur Verfiigung, fiir die Kernresonanzspektren das
Varian-Gerat XL 100.

Dem Fonds der Deutschen Chemischen Industrie danken wir fiir die
groBziigige Unterstiitzung.
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