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STATUS OF THE UVSOR FACILITY IN 1987

Katsumi KIMURA¥

The UVSOR light source with an electron energy of 750 MeV in
the Institute for Molecular Science, Okazaki, has been regularly
operated without serious trouble, and so far twelve beam lines
have been used for synchrotron radiation experiments under over
80 programs of molecular science. The whole UVSOR Facility and
its storage ring with the beam lines are schematically shown in
Figures 1 and 2, respectively. The main parameters of the
synchrotron light source and the characteristics of the beam
lines are summarized in Tables I and II, respectively. The
intensity distribution of the synchrotron radiation from the
UVSOR bending magnets is shown in Figure 3.

1. Light Source

The light source has been in regular operation during 1987:
the rate of the fault (the shut-down time/the prescribed time) is
less than 3%. The normal operating schedule in 1987 was
essentially the same as in 1986; namely, in every week, machine
studies were carried out on Monday, while user’s studies were
from Tuesday through Friday. Electron injections were performed
twice a day; the machine time was available in the periods 9:15 -
13:00 and 13:15 - 18:00. A total of 43 weeks were allotted to
users in the 1987 fiscal year. The initial current was normally
100 mA with a lifetime of about 3 hours. The single bunch
operation was performed at a rate of 1 week in 2 months. The
initial current at the single bunch operation was usually 10 mA,
the maximum current attained being 50 mA.

The electron beam dynamics associated with the excitation of
the superconducting wiggler as well as with the insertion of the
permanent magnet undulator have been studied by the machine
physics group. Some new devices to minimize the effects of the
wiggler and the undulator have been developed.

A total machine time of 3 weeks was allocated to the wiggler
users. The undulator at the S3 straight section has often been

inserted during the normal operating conditions.



The multi-bunch instability has been suppressed successfully
with a newly developed longitudinal active damper. Concerning
the free electron laser, some basic studies including gain
measurements have been continuing.

2. Beam Lines

Gas-phase experiments have been carried out on Beam Lines
2A, 2B2 and 3B; and solid-state experiments have been primarily
on Beam Lines 3Al1, 6A1, 6A2, TA, 7B, 8A and 8B2. Some other
experiments with liquids have been performed on Beam Lines 6Al
and 7B. Furthermore, some irradiation experiments with solid
surfaces under gas atmosphere have been made on Beam Line B8A.

On the Beam Line 7A, it has been found that the wiggler
produces a flux of 108 - 10 photons/s (a band width of 1073) in
the wavelength region down to 2 Angstrom (6 keV). In 1987 two
new beam lines have been completed} one is BLIB with a 1-m Seya-
Namioka monochromator, and the other is BL8B1 with a
monochromator of 2.2-m Rowland circle grazing incidence.

In October 1988 two more beam lines will be available to
users; one is BL2Bl with a 2-m Grasshopper monochromator, and the
other is BL3AZ2 with a 2.2-m constant-deviation grazing incidence
monochromator. Beam Line 5B is now under construction, which is
the calibration port for plasma diagnostics devices, belonging to
the Institute of Plasma Physics, Nagoya University.

Focused beams at the entrance slits on Beam Lines 1B.and 7
were found to move by the temperature change of mirrors during
measurements. In order to fix the focused beams, the pre-mirror
holders have been improved so as to keep the temperature of the
mirrors constant. At present, the pre-mirrors are cooled only by
air, the position of the focused beam being essentially
unchanged. Two-photon preliminary experiments on solids have
been carried out with a combination of mode-locked laser and a
visible part of synchrotron radiation.

3. Joint Studies

In the 1987 fiscal year, various synchrotron radiation
studies were scheduled under the following; 5 programs of
"Special Project", 12 programs of "Cooperative Research", and 76
programs of "Use of Facility"”. Furthermore, the four groups of
the Department of Molecular Assemblies had their own programs.
Two kinds of meetings have been held; one was a users’ meeting,



and the other was a workshop on beam dynamics and the free
electron laser. The scientists who visited the UVSOR Facility
for long term in 1987 are listed in the Appendix.

I would like to thank all other UVSOR staff members for
their great efforts and contributions to the recent development
of the Facility. I would also like to express my thanks to many

in-house staff and outside users for their excellent cooperation.
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Figure 1. Plan view of the basement of the UVSOR Facility.
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Figure 3. Intensity distribution of the UVSOR radiation.
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Table I.

Main Parameters of UVSOR

Designed Achieved
Linac
Energy 15 MeV 20 MeV
Frequency 2.856 GHz
Synchrotron
Energy 600 MeV 600 MeV
Current 50 mA 20 mA
Circumference 26.6 m
Periodicity 6
Bending Radius 1.8 m
Tune (Q., Q) (2:25; 1:25)
Harmonic Number 8
Radio Frequency 90.1 MHz
Repetition Rate 1-3 Hz 2.5 Hz
Storage Ring
Energy 600 MeV 750 MeV
(max. 750 MeV)
Critical Wavelength 56.9 A
Current 500 mA 500 ma
Lifetime 1 hr 3 hr
(500 mA) (100 mAa)
Circumference 53.2 m
Periodicity 4
Bending Radius 2.2 m
Bending Field 0.91 T
Tune (QH, QV) (3.25; 2.758)
Harmonic¢ Number 16
Radio Frequency 90.1 MHz
RF Voltage 75 kv
Radiation Damping Time
Horizontal 45.4 ms
Vertical 40.9 ms
Longitudinal 19.5 ms
Emittance _8 _8
Horizontal 8wx10_9 m.rad <167x10 m.rad
Vertical 8mx10 m.rad*
Beam Size (at the Center of Bending Section)
Horizontal (ZUH) 0.64 mm
Vertical (20V) 0.46 mm*
Bunch Length (ZOT) 017 ns 0.4 ns

*10% coupling is assumed.



Table II. Beam Lines at UVSOR
Beam Monochromator, Wavelength Acceptance Experiment
Line Spectrometer Region Angle(mrad)
Horiz. Vert.
BL1B 1 m Seya-Namioka 6500-300 & 60 6 Gas & Solid
BL24 1 m Seya-Namioka 4000-300 A 40 6 Gas
BL2B1* 2 m Grasshopper 600-15 A 10 1.7  Gas & Solid
BL2B2 1 m Seya-Namioka 2000-300 A 20 6 Gas
BL3A1 None (Filter, Mirror) (U) 0.3 0.3 Gas & Solid
BL3A2* 2.2 m Constant Deviation 1000-100 A 10 4 Gas & Solid
Grazing Incidence (U) 0.3 0.3
BL3B 3 m Normal Incidence 4000-300 i 20 6 Gas
BL5B*  Plane Grating 2000- 20 & 10 2.2  Calibration#
BL6A1  Martin-Pupplet 5 mm-50 um 80 60 Solid
BL6A2 Plane Grating 6500-80 A 10 Solid
BL7A  Double Crystal 15-4 B 2 0.3  Solid
15-2 & (W) 1 0.15
BL7B 1 m Seya-Namioka 6500-300 A 40 Solid
BL8A None (Filter) 25 Irradiation,
User's Instr.
BL8B1 2.2 m Rowland Circle 440-20 A 10 2 Solid
Grazing Incidence
BL8B2 Plane Grating 6500-80 A 10 6 Solid
# : under construction. # : Institute of Plasma Physics, Nagoya University.

U : with an undulator, W

with a wiggler.
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Longitudinal Active Damper for Storage Ring

T.Kasuga, M.Hasumoto, T.Kinoshita and H.Yonehara

A  longitudinal coupled-bunch instability had already
observed when the routine operation of the UVSOR storage ring
was started. It was also found that a coupling element of the
instability was the RF acceleration cavity. Two methods to
cure this kind of instability have been reported : damping of
cavity higher-order-mode resonances and a feedback method. It
is difficult for us to adopt the former because there is no
port for antennas of the higher-order-mode damper in the
cavity. Therefore, we installed a feedback system which is
called the longitudinal active damper. The blockdiagram of the
feedback system is shown in Fig. 1. A signal from a button
monitor 1is distributed to 16 channels with a gate circuit in
order that a signal in a channel corresponds to a certain
bunch. The phase oscillation of the bunch is detected by means
of a DBM and an active bandpass filters. After the phase of
the signal is shifted to indicate the energy deviation of the
bunch, it is gated not to affect other bunch. These 16 signals
are combined again and modulate the RF signal from the
acceleration cavity. The phase oscillation of each bunch is
corrected through a wideband acceleration gap. The phase
oscillations without and with the feedback system at the beam
current of 100 mA in the full bunch mode are shown in Fig. 2.
A signal from a button monitor was displayed on a oscilloscope
triggered by a signal synchronized to a certain bucket. The
oscillogram is widened by the phase oscillation : the width of

4._7_



the trace corresponds to the double of the amplitude of the

oscillation. The instability of which amplitude was about

400 ps (Fig. 2a) was completely suppressed with this

system
(Fig. 2b).
\f WIDEBAND
ACCELERATION
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Fig. 1 Block-diagram of feedback system.

Fig. 2 Phase oscillation. (a) Feedback off,

(b) feedback on.
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TUNE SHIFT DUE TO UVSOR UNDULATOR

Hiroto YONEHARA, Toshio KASUGA, Toshio KINOSHITA
and Masami HASUMOTO

Institute for Molecular Science, Myodaiji, Okazaki 444

Undulators have been installed in many electron storage
ring in order to provide high brilliance, tunable, quasi-
monochromatic synchrotron radiation. 1In the UVSOR, there are
two undulators, one of them is used for the fundamental study
of free-electron laser (FEL) and the other supplies the users
with the radiation. We studied the insertion effect of the
undulator for the FEL on the horizontal and vertical tune
shifts.

Considering tune shifts due to field error of the
undulator magn?g, we estimated not only a quadratic term of the
magnetic field but also radial displacement errors of the

magnetic centerz). The horizontal and vertical tune shifts,
AQh and AQV, can be written as
-1 0.32 aB’L 1 0.3 )
2Q, =—( )<Bh> 9+ )(Bh>aBD<851n(qs)>L (1)
41 E ik 21 E
and
1 0.3 _B?’L <B_> (2)
AQ =—=<B >( ] & )
Vo4aq Vv E 2 <Bn> h
(q —] 2Tf/A0}

where E is the electron energy in GeV, B, and B. the horizontal
and vertical betatron functions, B, the peak field, a the
coefficient of the gquadratic term, L the undulator length, ¢
the horizontal displacement of the magnetic center from the
undulator axis, s the distance along the beam axis, and A. the
complete period of the undulator. Measugiments of the magnetic
field yield the gquadratic tgﬁm a of 54 m and the average
value <esin(gs)> of 1.54x10 m. The contribution of the
second term in eq. (1), which is reduced from the displacement
errors of the magnetic center, is found to be larger by about
one order of magnitude than the first. The undulator field and
the beam-energy dependences of the actual tune shifts are shown
in Figs. 1 and 2 with the calculated values as described above.
These values are in good agreement with each other and we
conclude that the tune shifts by the undulator originate mainly
in the small displacement of the magnetic center of magnet
blocks in the radial direction.

References
1) M. W. Poole and R. P. Walker: IEEE Trans. Nucl. Sci. NS32
(1985)3374.

2) H. Yonehara et.al.:Jap. J. Appl. Phy. 26 (1987)1939.
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Construction of a 1 m Seya-Namioka Monochromator for BLI1B

0. Matsudo, E. Nakamura, J. Yamazaki, K. Sakai, K. Fukui,

E.Ishiguro* and M. Watanabe

UVSOR, Institute for Molecular Science, Myodaiji, Okazaki 444,
*Department of Applied Physics, Osaka City University,
Sumiyoshi-ku, Osaka 558

At BL1B a 1 m Seya-Namioka monochromator was installed. It
is used for both solid state and gas phase experiments. Figure 1
shows the side view of the monochromator. Synchrotron radiation
is gathered by a pre-mirror M1 and deflected vertically upward by
40. The light which passes through the entrance slit S_I
irradiates one of three gratings G, the groove densities of which
are 600/mm, 1200/mm and 2400/mm. The monochromatized light
passing through the exit slit 32 is deflected by one of two post-
mirrors M, so that its axis lies on horizontal plane, and is
focused at the sample position Q. The surface of one of the
post-mirrors is coated with gold and the surface of the other,
aluminum. The beam size at Q is less than 3 mm x 2 mm (WxH). The
monochromator was designed to be usable under ultrahigh vacuum.
The grating chamber is evacuated by a 500 1/s sputter ion pump
and a titanium sublimation pump. At present the pressure is 5 x
1072 Torr.

Figure 2 shows the output signals from the monochromator,
which were detected by a photomultiplier coated with sodium
salycilate. By the use of three gratings, one can utilize the
monochromatic radiation with good quality between 2 and 40 eV.
With the entrance and exit slits with 100 m width, the
resolution of 1less than 2 A is achieved by the use of 1200/mm
grating. At 2000 A, the photon flux is 109/5 with the above-

mentioned slits at the stored current of 50 mA.
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Luminescence Observation System at BL3A1

M. Watanabe, T. Deguchi?®’, H. Fujii®), M. Fujita®’, K. Fukui,
E. Ishigurob), T Katod) 0. Matsudo, T. Miyanagae), T Momosed),
Lo Munrof), H. Nakagawaa), E. Nakamura, K. Sakai, M. Suzui and
J.Yamazaki

a) Fukui Univ., b) Osaka City Univ., c¢) Marine Satefy

Academy, d) Kyoto Univ., e) Wakayama Univ. and £f) Daresbury
Lab.

The beam line BL3A1 is the undulator beam line without a
monochromator. One of the main experiments is observation of
luminescence from solid, which can be detected only by the use of
intense exciting light. The first order harmonic of wundulator
radiation is used. The wavelength is chosen by changing the gap
of the undulator and the first order harmonic is selected by the
use of thin film filters. Typical spectrum of the first order
harmonic is given in the report, "2.2 m Constant Deviation Type
Grazing Incidence Monochromator at BL3A2" in this issue. Figure 1
shows the plan view of the luminescence observation system at
BL3A1. The undulator radiation is focused by a pre-mirror on a
sample through a pin-hole of 1 mm diameter. The photon flux after
the pin-hole was measured by an aluminum diode, which consists of
an aluminum photo cathode and a stainless steel collector. The

flux was 'IO14

photons/s, when the wavelength of the first order
harmonic was about 300 A. The monochromator which analyzes the
luminescence is a 0.5 m normal incidence VUV-visible
monochromator without an entrance slit. The source point of the
luminescence acts as the entrance slit. The groove density of the
grating is 1200/mm and its ruled area is 100 mm x 100 mm. The

experiments by the use of this system are reported in this issue.
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Figure 1. Plan view of luminescence observation system at BL3A1.



2.2 m Constant-Deviation Grazing Incidence Monochromator at BL3A2

M. Suzui, J. Yamazaki, E. Nakamura, K. Sakai, 0. Matsudo,

N. Mizutani, E. Ishiguro* and M. Watanabe

Institute for Molecular Science, Myodaiji, Okazaki 444

*Department of Applied Physics, Osaka City University,Osaka 558

A 2.2 m constant-deviation grazing incidence monochromator
can utilize the undulator radiation and the synchrotron radiation
from B3 bending section. It covers the wavelength region of 1000-
100 A using three gratings, the groove densities of which are
600/mm, 1200/mm and 2400/mm and their radii of which are 2217.6
mm. The beam line optics is shown in Figure 1. The positions of
the entrance and the exit slits, and the directions of incident
and monochromatized lights are fixed. The wavelength is scanned
by the rotation of the grating with the translation of the
combination of the grating and the plane mirror along the
incident 1light direction. The relative position of the grating
and the mirror is unchanged. Figure 2 shows the side view of the
monochromator. The distance between the M3 pre-mirror and the MS
post-mirror is about 2.9 m. The height of the output beam 1is
about 1.9 m. The grating chamber accommodating the plane mirror
moves on a bed inclined by 14°. The entrance and exit slits are
connected to the grating chamber with the bellows. Figure 3 shows
the spectrum of the first harmonic of the wundulator radiation
around 250 A obtained with the 100U m slits. The higher harmonics
were cut with an aluminum filter. The photon numbers behind the
exit slit was 10 T2/5.

ke

e
M,

Figure 1. Beam line optics of BL3AZ equipped with a 2.2 m

constant-deviation grazing incidence monochromator.
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Figure 2. 8Side view of the 2.2 m constant-deviation grazing
incidence monochromator.
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Figure 3. Spectrum of the first harmonic emitted from the
undulator at S5 straight section measured with the 2.2 m constant—
deviation grazing incidence monochromator. The higher harmonics
were cut by an aluminum filter.



2.2 m Rowland Circle Grazing Incidence Monochromator at BL8BI1

K. Sakai, E. Nakamura, J. Yamazaki, 0. Matsudo, K. Fukui,
E. Ishiguro*, S. Mitani** and M. Watanabe
Institute for Molecular Science, Myodaiji, Okazaki 444
*Department of Applied Physics, Osaka City University,
Sumiyoshi-ku, Osaka 558
**Research Institute for Atomic Energy, Osaka City University,

Sumiyoshi-ku, Osaka 558

The beam line BL8B1 has been equipped with a Rowland circle
grazing incidence monochromator. The radius of the grating is
2217.6 mm. Figure 1 shows the beam 1line optics. Synchrotron
radiation is focused on to the entrance slit S1 by the pre-
mirrors M.I and M2. The entrance slit S1 and the grating G is
fixed. The exit slit 52 moves along the Rowland circle. The
direction of the monochromatized 1light is made fixed on
horizontal plane by the two-post mirrors M3 and M,. Figure 2
shows the side view of the monochromator. One of two gratings can
be chosen with keeping the vacuum, the groove densities of which
are 1200/mm and 2400/mm. The scanning range is 200-20 A with the
2400/mm grating. Three M4 mirrors are provided. One of them 1is
chosen, the monochromator chamber being opened. Figure 3 shows
the photoelectron vyield spectrum of KCl obtained by the
monochromator using the grating with 2400/mm grooves. The slit
widths were 10 pm. The resolution A/AN of 103 was achieved with

the grating. The photon numbers behind the exit was 10°/s.

Figure 1. Schematic diagram of the optical system on BL8BI
equipped with a 2.2 m Rowland circle grazing incidence

monochromator.
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Cooling of Pre-Mirrors at BL1B and BL7B

K. Sakai, E. Nakamura, J. Yamazaki, 0. Matsudo,
K. Fukui and M. Watanabe

UVSOR,Institute for Molecular Science, Myodaiji, Okazaki 444

At BL1B and BL7B have been equipped the 1 m Seya-Namioka
monochromators. Their beam line optics are similar and that of
BL1B is shown in Figure 1. The synchrotron radiation is gathered

by the pre-mirror M, made of fused quartz and focused on the

entrance slit S1. It ;ad been very annoying that the focused beam
got out of position during the experiments wunder the usual
operation condition of 750 MeV and 100-40 mA. It seemed due to
the deformation of the mirror and/or mirror holder caused by the
heat load of the synchrotron radiation. Then new holders were
designed and fabricated, so that the heat can escape easily.
Figure 2 shows the front and side views of the mirror holder
at BL7B. The holders are made of copper. The mirror contacts the
holder very well through the gallium layer, which becomes liquid
even at 35°. The copper block of the holder can be cooled by
water. After the use of new holders the beam position has been
kept still, even when the holder is cooled only by air. The
mirror holders of other beam lines will be improved likewise, as

occasion arises.

SR

Figure 1. Schematic diagram of the optical system on BL1B

equipped with a 1 m Seya-Namioka monochromator.



Jo3em AQ PoTO00 8g ued YOTuM
g.79 3 J9pToy Joaatuw—aad JO SMSTA SPIS (Q pue juoll (e g aandtj

B
i

15 T “M~
SS= N

s

AN TR E“ .

)

Pl S
|

=
=
|

i

!

I
|
r

I

Il

J

i
Hl
ol

i

Jaddo
J3PIOH JOJI




CONSTRUCTION OF A SUPERSONIC FREE-JET APPARATUS
FOR ABSORPTION AND FLUORESCENCE SPECTROSCOPY OF
SUPERCOOLED MOLECULES AND MOLECULAR COMPLEXES

Atsunari HIRAYA, Kiyohiko TABAYASHI, and Kosuke SHOBATAKE
Institute for Molecular Science, Myodaiji, Okazaki, 444 Japan

A supersonic free-jet apparatus for absorption and
fluorescence spectroscopy of molecules, molecular complexes, and
clusters has been constructed on BLZA. Figure 1 shows a
schematic side view of the apparatus. The apparatus consists of
4 parts, a 1-m Seya-Namioka monochromator, a differential pumping
section, a vacuum chamber, and a main pumping section. The main
vacuum chamber is evacuated through a liquid nitrogen trap by an
0il diffusion pump (Varian VHS-10, 50001/s) backed by a
mechanical booster pump (ULVAC YM600-AS, 600m3/h). The liquid
nitrogen trap can be isolated both from the main chamber and the
diffusion pump by an upper and a lower gate valves, and can be
evacuated through a chemical trap. This isolatable liquid
nitrogen trap enables us to use corrosive or toxic sample.

Sample gas is expanded into the chamber through an orifice (0.3mm
diam.) attached on a pulsed valve that is modified from a
commercial fuel injector. Typical operating conditions of the
pulsed valve are 10Hz repetition rate and 40ms duration. Gaseous
sample used is either a pure gas or a gas mixture with a carrier
gas. A solid or liquid sample is vaporized into a carrier gas at
an appropriate temperature.

The monochromatized SOR light is focused on the free-jet 5mm
downstream and the transmitted light is monitored by the
combination of sodium salicylate coated on the inner surface of
the exit window of the main chamber and a photomultiplier tube
(PMT). Photon signals of the transmitted light are fed in
parallel to two counters each of which is enabled by a gate with
a different timing, one corresponding to the free-jet on and the
other to the jet off period. In this manner, reliable
transmissivity of a sample in a free-jet at a given wavelength
can be obtained as an intensity ratio Ion/Ioff regardless of the

fluctuations of incident light intensity. Fluorescence is viewed



through a quartz lens perpendicular to both the incident light
and the free-jet stream line, and focused on a PMT window.
Fluorescence signals are counted in the same manner as the
transmitted light signals in order to obtain net fluorescence
signals by subtracting the back ground signals (scattering, dark
counts etc.) that are counted during the jet off. Accumulating
for several on-off cycles of the pulsed valve at each wavelength,
absorption and fluorescence excitation spectra are obtained
simultaneously by scanning the wavelength of SOR light.

At present, the

short wavelength limit
is 105 nm because a
LiF window is used to
isolate the vacuum

chamber from mono-

chromator. So far

direct absorption and
emission excitation
spectra in the wave-
length longer than

105nm are measured

successfully for HZO’
Dzo, Nzo, Xe(er, « ey

Xen), Kr(Krz, v iy Krn),

12' and 12/Xe mixture.

Replacing the LiF

window by a capillary

array plate and
removing the higher
order light by means of
noble gas filter filled

| ~ N

in the post-mirror
chamber, the short Figure 1. A schematic side view of a
wavelength limit can be gupersonic free-jet apparatus. From top
to bottom, M: main chamber; V: shutoff
valve; D: differential pumping port; T:
turbomolecular pump; L: liquid nitrogen
trap; P: post-mirror chamber; DP: oil
diffusion pump; G: grating chamber.

extended to 30 nm.



CONSTRUCTION OF A NEW APPARATUS FOR ANGLE AND ENERGY RESOLVED
MEASUREMENTS OF PHOTOELECTRONS AND PHOTOIONS

T. MASUOKA,* T. HORIGOME, and I. KOYANO

X
Research Institute for Atomic Energy, Osaka City University,
Sumiyoshi, Osaka 558

Institute for Molecular Science, Myodaiji, Okazaki, Aichi 444

A new apparatus for the study of photoionization processes
of gaseous molecules has been designed and constructed. Main
objectives of the study include measurements of angle resolved
photoelectrons as well as time-of-flight measurements of
photoions in coincidence with total or threshold electrons. A
constant-deviation grazing incidence monochromator on the beam
line BL3A2 provides monochromatic radiation (AL = 0.6-2.5 A with
300 um wide entrance and exit slits) in the region 100-1000 A.

A schematic drawing of the apparatus is shown in Fig. 1.
Section A is the pumping section consisting of a main turbo-
molecular pump (1000 1/s) for the experimental chamber C and a 3-
stage differential pumping system. Novel design is incorporated
to attain a pressure reducing factor of 1079 in this short range
without interfering with the photon beam. Section B is the
mechanism for rotating the experimental chamber around the
incident photon beam. With this mechanism, the deviation of the
center of ionization region from the beam axis can be maintained
within 0.1 mm through 180' rotation of the chamber.

' Several types of ion- and electron-detection systems can be
set in the experimental chamber. For photoelectrons, the
detection of total electrons, as well as the threshold and other

energy~-selected electrons, are possible. For photoions, both a

quadrupole and & time-of-flight mass spectrometer are provided.



The latter is 1 meter long and has three forcussing lenses in
order to detect all photoions with kinetic energies up to 20 eV.
The flight time of ions can be varied by changing voltages for
ion acceleration and/or the position of ion detector in the drift
tube. With this variety of detection systems, much more detailed
information than before is expected to be obtained on the

photoionization processes.

:
—Ty
|
I
N
/Y
>

s
=]
il
=3

411

[=-]
wn
o

b
o]
N

__295 12 320 105 90 380 293 L02

150

e | H?%Eﬁ % ‘.__?d” T%E%]
1
|
=

1900
4
i -
’/
/
E}M\‘
-]

Fig. 1 New Apparatus on BL3A2
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PHOTOFRAGMENT POLARIZATION SPECTRUM OF HCN

Takashi NAGATA, Tamotsu KONDOW, and Kozo KUCHITSU
Department of Chemistry, Faculty of Science, The University of

Tokyo, Bunkyoku, Tokyo 113, Japan

Atsunari HIRAYA and Kosuke SHOBATAKE

Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

Polarization of the fluorescence from the excited fragments
produced by molecular photodissociation process provides valuable
information as follows, 1) the sign of polarization reveals the
symmetry of the photo-excited, the precursor, and/or the fragment
emitting state, 2) the magnitude of polarization reflects the
nature of the dissociation process such as the branching ratio of
the direct to the predissociation process and/or the lifetime of
the precursor state. A photofragment polarization spectrum of
HCN has been measured in the wavelength region of 105-125nm by
means of SOR light as a polarized, tunable VUV light source.

Figure 1 shows a schematic drawing of the present setup of
the polarimeter and the timing chart of the photon counting
system. The monochromatized SOR

a 4
light, linearly polarized along the

X axis, is incident along the Z axis PNT
into a sample cell. Partially . 4
polarized fluorescence from the .

excited photofragment is viewed £ e T
along the Y axis through the optics v Ermn

of the polarimeter. A photoelastic

modulator (PEM) is oriented with its d Aps

optical axis 45° relative to the X %] ///’\\\\ ///,\\\

axis. In this setup the PEM rotates %L/ \\\\,///

the plane of polarization of X- or EC&NER&

Z- polarized light by 90° about Y I I TL__

axis, at maxima and minima of the GPRNIER 2 TS ﬂ

retardance curve, while transmits

light without such effect at zero- Figure 1. A schematic
drawing of experimental

crossings points of that curve. As setup and timing chart.

the passing axis of the polarizer



after PEM is parallel to the Z axis, counter 1 gated at maxima
and minima of retardation counts only the photons of the X-
polarized light. Inversely, counter 2 only counts the photons of
the Z-polarized light. In this manner, intensities of the
parallel (I,} and the perpendicular (I,) component, with respect
to the polarization axis of the excitation light, are measured
separately for the partially polarized fluorescence. The degree
of polarization (P) given as (IX—IZ)/(IX+IZ) is recorded as a
function of the excitation wavelength.

Figure 2 shows the absorption, fluorescence excitation, and
photofragment polarization spectra (PPS) of HCN at 105-125 nm.
A filled circle in the figure represents the degree of the
fluorescence polarization measured by Nagata et al.l at 121.6 nm
by means of an unpolarized Lyman-« radiation. The degree of
polarization at 121.6 nm in the present work (0.046 + 0.005) is
in very good agreement with the previous value (0.045 + 0.010).
According to Nagata et al. the excited state should be 1ot of
bent geometry in this wavelength region, since P is always
positive in this region. Regarding the absolute value, P varies
slowly with the excitation wavelength between 105 and 116 nm with
maximum value (0.077) at around 112.5 nm. This implies that the
photodissociation in this region is predissociative as P is lower

than the limiting value (1/7) for direct dissociation.

Above 116 nm two minima = sf ¥ ' '
ove " :° ———POLARIZATION
are clearly observed at 5 ——ABSORPTION 1{0.08
s . BN e FLUORESCENCE
119.0 nm and 112.4 nm, ~ 47 7 T :
> =z
the former coincides = 0.06 =
= -
with an absorption g 3 %
maximum, while the % Uj4§
(] o =]
latter does not coincide - w
o o
with any absorption peak 2 _002§
-1} .
but with a peak of the 3
fluorescence excitation &
2 ot ) 0.00

spectrum. The:origin of 105 110 115 120 125

NAVELENGTH /
this behavior of P is m

Figure 2. Absorption, fluorescence
excitation, and photofragment
polarization spectra of HCN.

now being examined.

1) T. Nagata, T. Kondow, Y. Ozaki and K. Kuchitsu, Chem. Phys.
Lett. 81 (1981) 391.



VUV ABSORPTION AND FLUORESCENCE EXCITATION SPECTRA OF
DIMERS AND CLUSTERS OF Xe IN A SUPERSONIC FREE JET

Atsunari HIRAYA and Kosuke SHOBATAKE
Institute for Molecular Science, Myodaiji, Okazaki 444, Japan

In contrast to the electronic structure of rare gas dimers
which have been extensively studied, potential curves of rare
gas clusters are not well known especially in those excited
states. As a first step of the studies on rare gas clusters,
direct absorption and fluorescence excitation spectra have been
measured in a supersonic free jet of Xe. Figure 1 shows the
absorption spectra measured in a supersonic free jet of neat Xe
gas, at stagnation pressures of 460 and 760 torr, in the
wavelength region 105 - 160 nm. In addition to the atomic
lines and Xez bands which are already known, several new features
are seen in the spectra. A most conspicuous feature is an
intense and broad band observed at the longer wavelength side of
the lowest allowed atomic line 3P1 (146.96 nm). Figure 2 shows

the absorption and fluorescence excitation spectra measured in

the wavelength region

near this atomic line,

201 .
at several stagnation o
pressures. Absorption ?
bands at 146.4nm and g
ot

148.2nm (in the
spectra at 200torr)
are due to the Xe

dimer, and are

assigned respectively

=)
.

as the transitions to

ABSORPTION [NTENSITY
[==]

the 1, (repulsive) and
Oz(bound) excited
states, both of which 0

correlate to °Pj+1S,. 110 20 130 140 150 160
WAVELENGTH / nm

With increasing

Stagnation pressure, Figure 1. AbSDrptiOn spectra of a

. supersonic free-jet of Xe.
the peak position of



the red-side band shifts toward the blue side and reaches 147.8
nm at 770 torr. A stagnation pressure dependence of the
absorption intensity at 147.8nm was found nearly cubic, while
those at the atomic line and at the 1, band of Xey are
approximately linear and square, respectively. These findings
lead us to the assignment that the broad absorption band at 147.8
nm is due to the Xe clusters. In the fluorescence excitation
spectra monitored at longer wavelengths than 180 nm, one can find
only one broad band which almost exactly follows the broad
absorption profile. Because the wavelengths of the monitored
light is longer than 180 nm, only the excitation transitions to
the state which form the emitting states in the longer wavelength
than 180 nm contribute to the fluorescence excitation spectra.
Although the simplest assignment for the emitting state is given
as the bound excited states of the Xe clusters, an alternative
assignment as the bound excited states of Xeoy formed by the

dissociation of Xe

clusters is also probable. 40+ —ABSORPTION
————— EMISSION

For both emitting states,
however, the initially 770torr
prepared states are those

of Xe clusters.

Therefore, present a
(8]
fluorescence excitation ~
spectra can be regarded as E
3 A . 028 L Sﬂﬁtorr LG
the excitation function of < o
Xe cluster(s). As a —;lﬂv =
= 5
conclusion, the absorption — =
> 0F g
band which extends from gzg- %
144nm to 151nm peaking at it
147.8nm (at 770 torr) is
assigned as the cluster 18?
band(s). The location of
this cluster band is in Lo .
145 148 150 152
good agreement with the WAVELENGTH / nm
lowest energy absorption Figure 2. Absorption and
band at L48.8nm obeerved fluorescence excitation spectra of

) a supersonic free-jet of Xe.
for solid Xe.



VUV ABSORPTION AND FLUORESCENCE EXCITATION SPECTRA
OF JET-COOLED I2

Atsunari HIRAYA, Kosuke SHOBATAKE, and Robert J. DONOVAN*

Institute for Molecular Science, Myodaiji, Okazaki 444, Japan
*Department of Chemistry, University of Edinburgh, West Mains
Road, Edinburgh EH9 3JJ, UK

Direct absorption and fluorescence excitation spectra of I,
seeded in a supersonic free jet of He have been measured
simultaneously in the wavelength region of 174.5 - 193nm as shown
in Figure 1(a). Comparing with the spectra (b) obtained for room
temperature vapor, vibrational cooling in free jet is indicated
as: 1) decreasing in intensity of vibrational hot-band in the Cg
Rydberg system, ii) narrowing of the vibrational envelope in the
D ion-pair system. Comparing these spectra, it can be concluded
for the fluorescence dips in D ion-pair system that: 1) The dip
at 185nm, which appeared only for vapor phase spectra, results

from an overlap of Franck-Condon patterns of each transitions

 — T T T

from v"=0, 1, 2, +«+« in the (b)

ground state, 2) The dip at VAPOR
182.5nm, observed for both
spectra, results from a

crossing of the dissociative

potential curve with that of D E
ion-pair state, 3) Since the e e | @
dips at 174-178nm fade out for i i
the spectrum in a jet, the (a) FREE JET %

&

contribution of the hot-band

transitions for these dips is

RELATIYE ABSORPTION CROSS SECTION

found to be fairly large. This
finding confirms our previous

proposal that the isoenergetic

perturbations between the ﬁS 1% @5 ]ﬁ
vibronic levels of the Cg4 HAVELENGTH / nm

Rydberg state and those of the Figure 1. Absorppion.and
fluorescence excitation spectra

D ion-pair state are the origin of I, in a supersonic free-jet
of the dips at 174-178nm. (a), and in a gas cell (b).



ABSORPTION AND FLUORESCENCE EXCITATION SPECTRA OF
N,O AND CS, IN SUPERSONIC FREE JET

Ikuo TOKUE, Atsunari HIRAYA*, and Kosuke SHOBRATAKE*

Department of Chemistry, Niigata University, Niigata 950-21
*Institute for Molecular Science, Myodaiji, Okazaki 444

Photoabsorption and photochemical processes of CS, and N>O in the VUV
region have been the subject of numerous investigations during the past half
century. Despite these efforts,the Rydberg state assignments of CS, by
various investigators are not consistent. As for N,0, fluorescence excita-
tion spectra are affected by the NO B band which was produced by secondary
reactions[1]. In the gas phase, a supersonic free jet technique combining
with SOR as a light source provides rotationally and/or vibrationally cooled
spectra in the VUV region.

We report here preliminary results of the measurement of absorption
cross section (c.s.) and fluorescence excitation spectra (e.s.) of N20 and
CS; in a free jet. In the present measurement, CS, vapor at room tempera-
ture was mixed with He carrier gas and expanded at a stagnation pressure of
220 torr through an orifice. Although expansion conditions and diluent gas
composition were not adjusted, jet-cooling effects were recognized on com-
paring with the spectra reported by Hemley et al.[2] N,0 gas was expanded
at a stagnation pressure of 200-780 torr. The light transmitted by the
sample was monitored in the 105-210 nm region at an instrumental resolution
of 0.1nm,

In the absorption c.s. of CS,, vibrational progressions are observed in
the 138-146, 158-163 and 180-183 nm

T T T T T T T T T
3 | ¢syintree jer " '8sq &V=370cm’ |, regions. However, they are fairly
Lt .
= N -~ irregular probably because of stro
2 3d\  AV=480-550 cm’! 6 3 ™ g ¥ 9
E»,- 5 7 | < interactions among several upper
) 15
o 5 states including 3d orbitals. Fig,
12}
o 142 . . . .
« w1 shows vibrational progressions in
z
3= ¢
& .. the absorption c.s. and fluorescence
o 22
o (%]
o o)
o | =
-z wi
TN TP i S T S 0 M’-l&.
105 1a 115 120 Absorption c.s.(—) and fluorescnce

WAVELENGTHInm)
e.s.(---) of CS, in a free jet.



e.s. in the 106-120 nm region. A strong absorption band at 111.7 nm and a
band at 112.6 nm are assigned to the 5s¢ and 3d) Rydberg states, respective-
ly, converging to the C82+(A2H) state[3]. The virational separation for the
111.7 nm band is found to be 370 cm_] ;, while that for the 112.6 nm band is
estimated to be 480-550 cm™!. This result is inconsistent with the publish-
ed datal[3].

In the absorption c.s. of N,O, we have not observed the structure in
the 122-135 nm region.

The absorption spectra of N,O0 in the 138-152 nm region, which is as-
signed to the 1H(bent)€-1z+ transition, is known to show strong progres-
-1, we
consider that this irreqularity results from strong interactions among the

sions. Its vibrational spacing is found to varies from 440 to 590 cm

vibrational levels of two active mocdes.

Fig. 2. shows the fluorescence e.s. of jet-cooled N-O in the 105-139 nm
region. The emission below 118 nm consists of the NZ(B3 m_-a3y +) and NO(BA
-%?ll) bands, while that above 120 nm is attributed to the NO(B-X) band. The
NZ(B) state is produced through the direct dissocation, N20—>N2(B)+O(3P),
while the NO(B) state is produced via secondary reactions such as Ny,0—
o(18)+N,(X), N,040('S)>NO(B)+NO(X)[1]. Thus, the NO(B-X) emission is known
to be suppressed by foreign gas as quenchers. The fluorescence e.s. in the
125-133 nm region at a stagnation pressure of 220 torr are very similar to
that at 760 torr. This suggests that the precursor for the NO(B-X) band is
highly quenched by N,O in a free jet.

o teeeet B
. 8 ,\'.
Fig. 2.
=6 Fluorescence e.s. of jet-cooled N,0
% normalized at 109 nm: the solid
tz:b line, at a stagnation pressure of
éz_ 760 torr and with a resolution of
% 0.2 nm; the broken line, 220 torr
of! and 0.5 nm.
WAVELENGTH (nm)
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Synch;etron Rad}ation Meafurements of gppearance Potentials of
(H20)2 . (HZO)3 . (H2012H and (H20)3H

Haruo Shiromaru,® Hisancri Shinchara, Nobuaki Washida,b
Hee-Soo Yoo,€ and Katsumi Kimura

Institute for Molecular Science, Okazaki 444

(a Department of Chemistry, Tokyo Metropolitan University.)
(k The National Institute for Environmental Studies.)

(c Department of Chemistry, Chungbuk National University.)

The ppotoionization of water clusters gives rise to

[(H 0), ] vip =2 (H O)n KH Bt + o + I)HZO, where vip means the
vertlcally ionized p01nt. Ng et al have reported the
appearance potentials for H,0" and (H O) *. For water

clusters larger than the 81mer, the parent 1ons (Hzo) * have not
been observed. Recently, such unprotonated water c uster ions
have been observed successfully by Shinohara et al.“ in the
photoionization of mixed clusters Ar (H,0), with ArI resonance
lines. 1In the present work, we have used synchrotron radiation
to measure appearance potentials of water cluster ions.

Photoionization experiments of water-Ar mixed clusters in
supersonic jets were _carried out with a molecular-beam apparatus
on Beam Line BL2-B2. Mass peaks which were observed here by a
guadrupole mass spectrometer at different stagnation pressures at
a wavelength of 85 nm are due to Arm+ (m =1-3), iH O) *(n=1-
6), (H,O H (n=1-6), Ar H20 (m =1,2), Ar H30 m 1,2),
Ar(H,0), (n = 1,2). Photoibnization efficiency (PIE) curves
were measured for several cluster ions.

The PIE curves of (H,0), " (H,0)5 t, (H O)2H and (H20)
obtained at the 7.0-atm stagnatlon pressure are shown in Fig. 1,
together with some results of further signal accumulations
performed near the onsets. The PIE curves of HZO) * and
(H, 0) +, obtained at 4.0 atm at which the formatlon of water-Ar
mlxe cluster ions is negllglbly small, are also shown in Fig. 1.

The E values of + (Hy0)37, (H0),H BT and (H50)
were determined to be 10 7 + 0. 06, 10. 92 + 0.04, 11.18 + 0.02,
respectively. From our results, we may deduce the following
interesting tendencies. 1) The, E5 of (H50), Y is considerably
lower than that of H,0%, whereas éh of (H 0).HT is onl
slightly lower than that of 20) gt ?} The E . of (HZO)
almost the same as that (H20}2 3) The E,, of ?H 0) is lower
by 0.26 eV than that of (H;0),H". 4) The PI% curve o% (H50),H
does not depend on the stagnatlon pressure.

For water clusters the direct photoicnization process is
expected to be dominant, since the PIE curve of H20+ shows no
distinct autoionization structure. In the water dimer, its E,
is much higher than the corresponding adiabatic ionization ap
energy. The Ej, of H ot correeponds most likely to the adiabatic
energy of the é%rmatlon of H,0" from (H,O0)

The {H20) * ion is not obServed from the water trimer,

because of the Franck-Condon restriction. The E ap of (H20)2H is



more or less higher than its adiabatic energy. At the high
stagnation pressure, however, (1120)3+ can be observed due to the
process Ar (H,0), + h -> (H,0) + mAr + e . This process may
be explained 1n terms of two ePfects: (a) the perturbation of the
potential curve by the attachment of Ar atoms, and (b) the
internal excess energy dissipation by the evaporation of the Ar
atoms as translational energies.
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Fig. 1. The PIE curves for produ- Fig. 2. Energy level dia-
producing cluster ions at a stag- gram of water cluster and
nation pressure of 7.0 atm. The pronotnated ions, showing
results at a lower stagnation proton solvation energies,
pressure (4.0 atm are also shown in eV units.

on the top of (a) and (b).

E, [{H20)3+] is lower than E_ [(H20)2H+] by 0.26 eV,
suggest?ng that the Franck-Condon r%gion covers a smaller part of
the potential minimum for the water trimer ion compared to that
for the dimer ion. This is one of the reasons for the small
appearance potential difference between (H,0),T and (H,0),".

Since the A_ of the protonated ion (H,O pi’ may be regarded
as the adiabatig energy, thermochemical properties of the water
clusters can be derived from the present results. A schematic
energy level diagram relevant to the present work is shown in
Fig. 2.

1) C. ¥. Ng, D. J. Trevor, P. W. Tiedemann, S. T. Ceyer, P.
L. Kronebusch, B. H. Mahan and Y. T. Lee, J. Chem. Phys., 67,

4235 (1977).
2) H. Shinohara, N. Nishi and N. Washida, J. Chem. Phys. 84
5561 (1982).

3) Shiromaru, Y. Achiba, K. Kimura and Y. T. Lee, J. Phys.



EVAPORATION PROCESSES OF WATER CLUSTER IONS AND
CO,-WATER MIXED CLUSTER IONS PRODUCED BY SYNCHROTRON RADIATION

Haruo SHIROMARU,? Hideyuki SUZUKI,b Masahiro KAWASAKI,
Hiroyasu SATO,b Shin-ichi NAGAOKA and Katsumi KIMURA

Institute for Molecular Science, Okazaki 444
(a Department of Chemistry, Tokyo Metropolitan Univ.
(b Department of Chemistry, Mie Univ.)

In the event of photoionization of water clusters, as is well
known, various protonated ions are mainly produced.

(Hy0), + hv = (Hy0),_ ) _¢H' + k(H,0) + OH + e~ (1)
For CO,- water mixed clusters, the ionization leaving unprotonated
water cluster ions also take place.

(COy)p(HZ0)y + hv = (H0),  * + k(H,0) + m(CO,) (2)
In these reactions, evaporation processes of k(H20) and/or m(COz}
play an important role for the dissipation of the internal
energy.

In the present work, the evaporation processes involved in the
reactions (1) and (2) were studied by measuring photoionization
efficiency (PIE) curves of the water cluster ions. The effect of
H,0 evaporation was examined by comparing the PIE curves obtained
with various stagnation pressures (Ps) of Ar, because the size
distribution of neutral water clusters largely depends on Ps.
Since large size water clusters were hardly produced for low Ps,
the PIE curve shown in 1a should be purely due to the ionization
of (H;0);. The contribution of larger cluster is important for
higher Ps and is observed as the extra signals in shorter
wavelength region of Fig. 1b,c,d.

The PIE curves of water cluster ions produced from the CO,
seeded H,0 are shown in Fig. 2. The broad peaks at 76 nm and 88

nm are assigned to the ionization of the co, site of the mixed



cluster (CO5)(Ho0) . Therefore, the intra-cluster charge
transfer reactions before CO, evaporation should play an
important role for producing water cluster ions, especially for
unprotonated water cluster ions (reaction 3).

(CO5)(HO)y + hv — [(CO,) T :(HZ0) )

— (Hp0), ;% + m(Coy) + ... (3)
— (HZO)n_k_-lH“'" + m(COz) ¥ wenn (4)
al - fl -
.Lgo . (Hzoéh'

-
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Fig. 1. The PIE curves measured at various Ps,

Large size clusters are not produced by He seeding.
Ps = 0.4 atm (a, f); 2.2 atm (b, g); 3.5 atm (c, h);
7.8 atm (d, i) of Ar. 7.8 atm of He (e, j).



INTRAMOLECULE-TNTERMOLECULAR AUTOIONIZATION WITHIN A VAN DER WAALS MOLECULE
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Penning ionization processes by optically allowed rare gas atoms, being
one of the basically important chemical reactions, have not been studied
very extensively because of experimental difficulties owing to the short
lifetimes of the atoms. Very recently, our group has reported the studies
for some fundamental cases%)

Synchrotron radiation (SR) is one of the most powerful tools to study
atomic and molecular photoionization processes in the VUV region. It has
been pointed out that SR is also very advantageous to investigate inter-
molecular processes. Up until present, however, only a few studies have
been reported owing to lower intensity of SR in comparison with the conven-
tional excitation sources.

We would like to propose here an experimental investigation on Penning
ionization including optically allowed rare gas atoms. The rare gas site of
a van der Waals molecule, such as NeM, produced in a supersonic free expan-
sion would be excited by a slightly shifted resonance radiation of SR up to
L )?,3)

the resonance state of Ne(3s PI Because the excitation energy of Ne

resonance state is larger than the ionization potential of atoms and mole-
cules M, the molecular excited state of (NeM}* will undergo autoionization
to produce Ne++M or NeMT Figure 1 shows the preliminary photoionization
efficiency curve for NeAr+ around 73.7nm2) obtained at BL-2B2 of UVSOR, IMS,



by using a quadupole mass spectrometer. The peak around 73.7nm corresponds
to the autoionization structure due to intermolecular Penning ionization.

By analyzing the line shape of the spectrum, it would be possible to extract
the autoionization width for Penning ionization or the information on the
interaction potential for Ne*-Ar. For cases M is a molecule, we can obtain
partitioning probability of the resonance energy into various ionic frag-
ments if transferred from complex partner, which might offer not only cople-
mentary information on molecular photoionization by Nel but also new infor-

mation on specific fragmentation from another site.

1)M.Ukai et al, J.Chem.Phys.,84,
3199(1986);84,5575(1986);88(in|  NppRt
press).

2)P.M.Dehmer & §.T.Pratt,"Photo-
physics and Photochemistry in
the Vaccum Ultraviolet! NATO
ASI series C; Vol 142 (Reidel,
Dordrecht, 1985) p467.

3)B.Kamke et al,J.Chem.Phys.,86,
2525(1987).
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Figure 1. Photoionization efficiency curve
+
for NeAr



BINARY CLUSTER OF OIL AND WATER: ETHYLENE - WATER

Shin-ichi NAGAOKA, Haruo SHIROMARU, Takato HIRAYAMA and Katsumi
KIMURA

Institute for Molecular Science, Okazaki 444, Japan

0il and water will not blend. It is interesting to study
the properties of the interface between o0il and water. The
cluster can be regarded as a model of the interface. Hence, it

seems worthwhile to make a detailed investigation of oil-water
binary clusters in order to elucidate the properties of the
interface between o0il and water. Photoionization measurements
for ethylene-water binary clusters were performed by use of
synchrotron radiation from the beam line BL2B2.

Figure 1 shows the photoionization efficiency curves for
(C,H,) (Hy0)T (n=1-3) near the threshold. Addition of H,0 to
(CZH4)(H20) does not affect the appearance energy of the
corresponding ion. If the structure of (02H4)(H20)n (n=2,3) is
as follows, ...HZO...Czﬂz...Hzo(...Hzo), or if an electron
delocalized over the cluster is ejected in the photoionization,
the appearance energies of (02H4)(H20); (n=2,3) are considered to
be different from that of (02H4)(H20)+. Thus, one may suppose
that the structure of (02H4)(H20)n (n=2,3) is as follows,
C2H4...H20...HZO(...Hzo), and that in the photoionization of
(CZH4)(H20)n (n=1-3), an electron localized at CzH4 is ejected.

Ab initio SCF calculations of (CZH4)(H20) were carried out with
Gaussian 82 programs using the 4-31G double-zeta basis set. The
regult of the geometry optimization is shown in Fig. 2. The

dissociation energy of the optimized cluster was obtained to be



1.6 kcal/mol. This value is larger than the dissociation energy
of (CZH4)2 (0.5 kcal/mol), and is smaller than that of (H20)2
(5.5 kcal/mol). At the interface between o0il and water, Hzo
molecules form strong hydrogen-bonds among themselves. From the
calculation results described above, it seems that o0il is more
likely to link to water than to gather in a block. However, since

water is closely united, o0il cannot get into water phase. 1.

can form the pseud-hydrogen-bond with water only at the

interface.
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INVESTIGATION OF FRAGMENTATION PROCESSES FOLLOWING CORE
PHOTOEXCITATION OF TETRAMETHYLGALLIUM IN THE VAPOR PHASE

Shin-ichi NAGAOKA, Shinzo SUZUKI, Takashi IMAMURA and
Inosuke KOYANO

Institute for Molecular Science, Myodaiji, Okazaki 444

In recent years, dynamic processes following core level
excitation in molecules have been a topic of much interest. We
have investigated the dynamic processes of organometallic
molecules with group II-V elements fcllowing the core level
excitation by using the threshold electron — photoion
coincidence (TEPICO) method.l Here, we report the
fragmentation of trimethylgallium (TMGA). The experiments were
performed using the TEPSICO-II apparatu52 installed in BL3B
beam line of UVSOR.

Figure 1 shows the threshold electron spectrum of TMGA.
Sharp bands seen at 48.3 and 60.9 nm are assigned to the
photoionization from the Ga 3d core level and the Ga 3d=o*
transition, respectively. It is found that.a threshold
electron is ejected by way of autoionization following the Ga
3d»g* transition. Figure 2 shows the photoionization
efficiency curves for fragment ions from TMGA. The peak due to
the Ga 3d—g* transition is seen in those curves, and is the
highest in the Ga+ curve. Figure 3 shows an example of the
TEPICO spectrum. It is seen that sufficiently high
signal-to-noise ratio is attained with reasonable data
collecting time. Branching ratio of TMGA was determined by use
of TEPICO, and are given in Fig. 4. From these results, it is
considered that the Ga' ion is predominantly produced following
Ga 3d core photoexcitation, and that GaCH * ion is produced

3
following both 3d excitation and valence photoionization.

References

1. S. Nagaoka, S. Suzuki and I.Koyano, Phys. Rev. Lett., 58,
1524 (1987); Nucl. Instrum. Methods, in press.

2. S. Suzuki, S. Nagaocka, I. Koyano, K. Tanaka and T. Kato,
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STUDIES OF THE STATE SELECTED ION-MOLECULE REACTIONS
Ne*(2Py,,, %Py ) + OCS USING TEPSICO-II APPARATUS

Shinzo Suzuki, Takashi Imamura and Inosuke Koyano
Institute for Molecular Science, Myodaiji, Okazaki, 444

Toward the study of state-selected ion-molecule reactions,
the TEPSICO-II apparatusl) has been installed at the beam line
BL3B of UVSOR. This apparatus is suitable for the study of
reactions of ions whose ionizaton thresholds lie in the far VUV
region down to 30 nm. Ion-molecule reactions of Ne' are
favorable candidates for such a study because its first
ionization thresholds (2P3/2 and 2P1/2) lie in the above-
mentioned wavelength region.

Here we report a preliminary result on the ion-molecule
reaction Ne' + 0OCS, obtained using the TEPSICO-II apparatus but

without selecting reactant states. For this reaction system,
three reaction channels,
Net + 0CS - cot + S + Ne (1)
- S8t + CO + Ne (2)
»~cst + 0+ Ne (3)

have been reported using a selected ion flow tube (SIFT)
apparatus.z)

Figs. 1 and 2 show the threshold electron spectrum and the
photoionization efficiency curve of Ne, respectively, in the
wavelength region 55.5-58.0 nm. The threshold electron spectrum
clearly shows two peaks corresponding to the formation of the two
spin-orbit states, 2P1/2 and 2P3/2, of Ne+, although their
resolution is not complete. Fig. 3 shows the efficiency curve
for the reaction product CO+, which indicates that reaction (1)
opens above the first ionization threshold of Ne. The efficiency
curve for st ({reaction (2)) was also obtained but that for cs?t
(reaction(3)) was not obtained because of its extremely weak
intensity.

These results demonstrate the feasibility of the state-
selected studies of the Ne' reactions using coincidence
measurements. However, such experiments need further refinement
of the resolution of the threshold electron analyzer and the
increase in the intensity of the primary ions (or monochromatized
photons), which are now under way.
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Reflection Spectra of CuInSe2 from 2 to 198 eV
Kenichi TAKARABE
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We report reflectivity wup to 108 eV of the chalcopyrite
semiconductor CulnSe,. using synchrotron radiation for the first
time. P-like partial gensity of states in the conduction band are
identified from the sharp structures at 18 to 22 eV. These
structures originate due to the transitions from the In 4d5/,2
core level to the conduction band.

The chalcopyrite semiconductaor CulnSe is a promising
material for solar cells with excellent re?iability and high
power—conversion efficiency. Far further cell improvements
research has been started to gain a fundamental knowledge of
this material. Figure 1 shows the reflection spectra of CulnSe
in the photon energy from 2 to 100 eV measured by synchrutrog
radiation source(SR). The reflection spectra is classified into
three groups. The reflectian spectra fram 2 to 18 eV is
originated from the transitions from wvalence to conduction
band(CB). At about 20 eV the reflection feature corresponds to
the transitions from In 4d core level to CB. Also, at about 35 eV
the structures corresponding to the transitions from Se 3d core
level to the CB are observed. For further consideration on the
features around 20 eV the blowup of reflectivity is shown in Fig.
2. According to UPS studies the In 4d ,o core level is 17.0 eV
below the top of wvalence band. Thus t?e?e is no doubt that the
features in the reflectivity are the In 4d core reflectivity.
Optical dipole transitions originating from d states are only
allouwued to terminate at p-like states. Each three peaks thus
reveals a partial p-like density of states in the conduction
band. Observed each peaks is assigned to S, to S,. The locations
of energies are determined from a num%rica] derivative of
spactra.The temperature effect on each peak differs from each
others. Decreasing temperature S, peak shifts to a higher energy
location accompanied by a slight ;harpening. S~ peak shaws only a
slight sharpening but no energy shifts. S pgak shows a large
sharpening without energy shifts. These temperature wvariations of
spectral features are understood as electron transfer spectra in
local atomic arrangements in CulnSe, shown in Fig. 3. In a
general sense, for the case of intra?umic transition of electron
we may expect no energy shift and only sharpening af 1lifetime
broadening with decreasing temperature. The S, structure realizes
this situation, so the structure correspands ?D the transition an
In atom from 4d to S5p state. For the interatomic transition of
electron we may expect a blue shift of photon energy due to
shortening interatomic distance and sharpening of spectral shape
due to depressing of interatomic stretching wvibrations with
decreasing temperature. The S, structure realizes this feature
well, so the S structure &riginates from the interatomic
transition from IA 4d to Se S5p state. The copper and indium atoms
are coupled with the bending force. Due to a weaker force



constant than the force constant of stretching wvibration, the
degree of spectral feature sharpening with decreasing temperature
is larger than with the streching vibration. Also the shrinkage
of interatomic distance 1is smaller than the distance betuween
selenium and indium. The structure well reproduces this
anticipation, sao the tran51tla§ occurs from In 4d to Cu 4p state.
The identification including the spin-orbit splitting energy of

In 4d core electrons is excluded, because this splitting energy,
9.8 eV, 1is less than the energy difference between observed
reflection peaks(S, to S.) in Fig. 2. Next, we infer taht the

weak inflection a% abou% 17.4 eV is the transition from In 44 ta
the CB minimum.

This work was supported by the Joint Studies Program(1985-
1986) of the Institute for Molecular Science.
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OPTICAL ABSORPTION SPECTRA OF PbI2 SINGLE CRYSTALS
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Absorption spectra of PbI2 single crystals have been investigated between
2 and 100eV. The spectra were obtained from Kramers-Kronig analysis of
reflectivity data measured at 5K by using a plane grating monochromator at
BL6A. The incident light was near normal to the basal plane of the crystal.

Figure 1 shows absorption spectra form 2 to 12eV for crystals having 2H
and 4H polytypes. The spectrum of the 2H crystal is almost similar to that
reported already.l) According to band structure calculation by Schluter et
al.,Z) the peaks 1, 2 and 3 are assigned to excitonic transitions at A-point
of the Brillouin zone from Pb++ fs-like valence band to 6p-like conduction
band, and the peaks 4, 5 and 6 are to those from I 5p-like valence band also
at A-point. These peaks as well as those labeled 9 to 11 are observed in 4H
crystal at almost the same energies, whereas some peaks or humps have shifts
of about 0.2 to 0.5eV from the 2H spectrum as denoted by arrows. Change of
the polytype from 2H to 4H induces a folding of bands along a direction of c-
axis of the Brillouin zone. Then a transition at A-point in 2H structure is
transferred to that at [-point in 4H structure, and similarly the one at L-
point to that at M-point. Band  °

Pblz  s5¥
kilc

structure calculations for the

similar layered compounds have
suggested that the change in the
transition energy due to the
folding of the band is negligi-
ble at the zone center, while a
noticeable change appears at the
zone boundary.s) It is, there-

fore, likely that the struc-
tures different among the two

ABSORPTLON COEFFICIENT { x107%cn™)

spectra are due to transitions 0L L . ; :

at the =zone boundary, at L or PHOTON ENERGY (eV)
M-points. Fig. 1



Sharp absorption structures appear between 18 and 24eV as shown in Fig.2.
1)

These have been attributed to transitions from Pb'’ 5d core states, Some of
the energy levels of a free pbtt ion are shown in the figure for a comparison,
which have been shifted 0.6eV from the true values so as to fit the 1Pl level
that the
structures are due to highly localized excitations on Pb"" ions from
5d core to 6p levels. According to the photoelectron
Azoulay et al.,4) the Pb'* 5d3",2 and 5d5/2 levels are located at 20.4eV and

17.8eV below the top of the valence band. The transition from 't 5 to

to the prominent peak. The fairly well correspondence suggests

observed

spectra reported by

d5/2
6p in a free jion is optically forbidden, but a small hump is seen at 19.5eV in

the figure. As the energy difference from the lPl peak is very close to the

spin-orbit splitting energy (dashed line), the hump may be assigned to the
RS
Pb

s /2
i 5d3/2 and 5d5/2 core excitons, respectively.

core exciton. The estimated binding energies are ~0.6eV and 0,9V

Figure 3 shows the absorption due to transitions from I 4d core states.
Addition of the band gap energy to the photoelectron emission data (4d
49.3eV and 4d

5/2
peaks having the splitting of 1.6eV as indicated in the figure.

- 47.TeV)4) gives the exact coincidence with the ogégrved
Therefore,

the spectrum is explained as the transitions from I  4d core levels to the
conduction band. The paired structures of 1.4eV shown in the figure

correspond to the splitting of the conduction band (two A4_).
2
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Ni Lz, s PHOTOELECTRIC YIELD SPECTRA OF SOME Ni(I1) COORDINATION COMPOUNDS
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Department of Physics, College of General Education, Osaka University
Machikaneyama, Toyonaka 560
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The photoelectric yield emitted by a sample is directly proportional to its
absorption coefficient. Therefore,the Ni Lz.; yield spectra of some nickel (II)
coordination compounds with different coordinations were measured at BL-74 in
order to study the influences of the chemical bonding and immediate surroundings
of the central nickel ion on these Ni Lz,s absorption spectra.

Samples studied here were as follows;(a)tris(ethylenediamine)nickel (IT)chloride
dihydrates ([Ni(en)3]Clz+2H20),(b) the brown room temperature phase of bis[N-(3-
methoxysalicylidene)iso-propylaminato]lnickel(II) ([Ni(3-MeO-sal-i-Pr)z1),(c) the
green room temperature phase of bis[N-(3-methoxysalicylidene)normal-propylami-
nato]nickel (IT) ([Ni(3-MeO-sal-n-Pr):]1) and (d)potassium tetracyano nickelate
(II)monohydrate (Kz[Ni(CN).] -+ H20). All yield spectra were measured in fine
powder form by using a high-resolution vacuum two-crystal monochromator with
beryl crystals.

Figure 1 shows the Ni Lz,s; absorption spectra of the present Ni(II)coordination
compounds. Table 1 shows the electron configurations and coordinations of the
nickel ion in the same compounds.

A1l Ni Lz, s absorption spectra (Ni2pi,z, s, 2—Ni3d transitions) consist of La(~
870 eV) and L3(~850 eV) edge structures split due to the spin-orbit interaction
in the 2pi1, 2 and 2ps, 2z hole respectively which are further split by other
interactions.This is a so-called multiplet splitting of the absorption spectrunm.
Structures in the spectra are designated by capital letters A through E. The
structures A of all the compounds, and the structures B and D of [Ni(3-MeO-sal-n
-Pr).] and K2[Ni(CN)4]-H20 are an extremely narrow absorption line.

According to chemistry,the covalency of [Ni(3-MeO-sal-i-Pr)z],[Ni(en)a]Clz-2H20
,[Ni(3-MeO-sal-n-Pr)z] and K2[Ni(CN)4]+H20 increases in the listed order. It is
noticeable that the energy positions of structures A and D of the above four

compounds shift toward higher energies in the same order respectively.



The similarity of [Ni(en)s]Clz+2H20 and [Ni(3-MeO-sal-i-Pr).] spectra may be
due to the similar crystal fields of the respective octahedral and tetrahedral
coordinations. Also the similarity of [Ni(3-HeO-sal-n-Pr).] and Ka[Ni(CN).]-H.0

spectra may be due to the same coordinations (square plannar).

s
Table 1. Electron configurations

and coordinations of nickel ion.

(a) [Ni(en)a]Clz-2H.0

(a)

A ™ d®,high spin type
__Tz/ \n,—\_.,*————“’/ octahedral

(b) [Ni(3-Me0-sal-i-Pr):z]

BF | E§ A
: X i
1l \M“aﬁv,_.——~—”/! \\‘*-*”‘“‘f. d®,high spin type
”'f/ ., tetrahedral
L
D
. £
L (c) [Ni(3-MeD-sal-n-Pr):]
(C) ;4 B K :

+ ¢ square plannar

E (d) K2[Ni(CN)4]-Hz0

; ‘vg\-...,———'——/' | a8 =
iz / 1 d®,low spin type
B
n

(d) A 3
i \J \\—H-_.,-—*/ 1 d®,low spin type

square plannar
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Fig.l. Ni L2,s absorption spectra of

Ni(II) coordination compounds.



Na K-XANES and EXAFS Studies in Kj_yxNa,Cl
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K-edge absorption specta of Na in Kj-yxNayCl were measured at BL-7A
soft x-ray beam line by using double crystal monochromatorl) with flat
beryls as monochromator crystals. Samples were prepared in the form of
ingots and were evaporated in situ onto polyester film of thickness of
about 0.5um. Measurements were made at room temperature and at about 35K.

Figure 1 shows the Na K-edge absorption spectra of pure NaCl at room
temperature (dashed curve) and at about 35K (solid curve). In Fig. 2 are
shown XANES spectra of Na K-edge of the solid solutions at about 35K, All
the spectra are normalized at the hieght of the first peak at 1076.6eV.
The characteristic behavior of the small structure A strongly suggests that

this is attributed to the forbidden transition. A reasonable assignment of

the structure A may be the "forbidden I'{ exciton", which has been observed

in Li K-absorption specturm in + + 4 + : : +
© B p
LiF2), The peaks B and D are very (g C NaCI
Q
prominent and persistent in all the jg
—
spectra. The peak B can be as- !
~— :
signed as exciton associated with
o]
the transition to the conduction ?i
s
state with p-character. The origin 8
0 A:
of the peak D is not clear at the ;ﬁ

moment, but might be assigned as a 1070 ' 1OBO ' HjSO # T{OO
Photon Energy /eV
Fig. 1 Na K-edge spectra of

tering of the excited electron3), NaCl at room temperature
and at about 35K.

structure due to multiple scat-



The magnitudes of the Fourier transforms of k3 weighted EXAFS for each
spectrum are shown in Fig. 3. The first shell distance of a Na® ion is not
sensitive to the concentration of NaCl. This means that Cl~ ions around a
Na' ion are coordinated conserving the inter-ionc distance of the pure NaCl

in KCl matrix.
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Fig. 2 Na K-XANES spectra of Fig. 3 Magnitude of Fourier trans-
K1-xNayCl at 35K, form of k° weighted Na K-EXAFS of
Kj-xNayCl at 35K,
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EXAFS Study on Dehydration Process in Mg(OH)j
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Magnesium hydroxide Mg(OH)2 is dehydrated to magnesium oxide MgO
at high temperature. The system Df(Mgi?H}Z)l—x(Mgo)x has been
studied by x-ray diffraction technique®’. The characteristic
reflections of Mg{OH), disappear above the critical concentration
x .(=0.68). Here we report the local structure around Mg atoms to
cfarify the microscopic mechanisms of the dehydration of Mg(OH),.

Fine powder samples of Mg(OH), were dehydrated in vacuum. The
degree of dehydration was determined from the weight 1loss of
Mg (OH) by means of vacuum electro-balance. The samples of

Mg({OH) 5 _9,0y with x=0.000, 0.220, 0.490, 0.681, 0.733, 0.896 and
1.000 were prepared by controlling temperature. The samples put on
the first dinode of photo-multiplier. X-ray photo-electron yield
spectra were taken near the Mg K edge by use of the EXAFS facility
installed at the UVSOR BL-7A (beryl double crystal monochromator).
Synchrotron energy was 750 MeV., The obtained spectra are shown in
Fig.l. These spectra were analyzed by the same method as described
in ref. 3. For the precise analysis, the nonlinear least square
parameter-fitting method was applied.

The dehydration dependence of interatomic distance 1is shown in
Fig.2. No significant point is seen in the figure. Since the
structure of Mg(OH)z is CdIZ type, and that of MgO is NaCl type,
the coordination number of the first neighbor shells in Mg(OH)2
and MgO are 6, while that of the second neighbor shell in Mg(OH)z
is 6, and that of the second neighbor shell in MgO is 12. The
ratio of coordination number No/N; is shown in Fig.3. The coor-
dination number of first neighbor shell is decreased, while that
of second neighbor shell is constant. The ratio N2/N1 increases
from 1 to 2, as seen in the region 0<x<0.68. When we consider the
destruction of the Mg(OH)5 layer structure in dehydration process
in the region 0.68<x<1. The coordination numbers of first and
second neighbor shells increase, and the ratio N2/N1 is nearly
constant. This result is consistent with the previous x-ray dif-
fraction experiment.

We are indebted to all staffs of the UVSOR facility, especially to

M.Watanabe, O.Matsudo, K.Fukui, J.Yamazaki and E.Nakamura for
their continuous support and encouragement through the work.
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AUGER-FREE LUMINESCENCE FROM CsF, CsCl., CsBr, AND RbF AT RT
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We report the first direct evidence of the luminescence due to
interatomic radiative transition of valence band electrons to
outermost-core-hole states in alkali halides in which the band gap energy
Eg is larger than the energy difference Evc between the tops of the valence
band and the outermost-core-hole state(Eg > Euc). This condition is
fulfilled in CsF, CsCl, CsBr, RbF, and KF. We propose the term "Auger-free
luminescence", emphasizing that this transition emits photons without
ejecting Auger electrons.

Visible luminescence in CsF (2.5 - 5.6 eV), CsCl (3.9 - 6.0 eV), CsBr
(4.4 - 6.2 eV), and RbF (2.6 - 6.2 eV) are observed at RT under 21.4 eV
photon-excitation, corresponding to the interband transition from the
outermost-core band to the conduction band. Fig.1 shows the luminescence
yield excitation spectra for the 3.2 eV band(CsF), 4.5 eV band(CsCl), 4.8
eV band(CsBr) and 5.3 eV band(RbF). The most outstanding feature of the
excitation spectra is that the threshold energies do not depend on halogen
elements, but on alkali elements; the threshold energy E«¢n of CsF, CsCl,
and CsBr is 14.1 £ 0.2 eV, and that of RbF is 17.0 = 0.1 eV. These values
are in good agreement with the outermost-core ionization energies of
respective positive ions.

The observed threshold energies strongly suggest that the mechanism
for the luminescence interested here is due to an interatomic Auger free
transitions of electrons from X- np halogen valence bands (n = 2, 3, and 4
for X = F, Cl, and Br, respectively) to the Cs-5p or Rb"4p holes.

By using band parameters determined by photoelectron spectroscopy,!:?
the energy ranges of emitted photons due to Auger-free luminescence are
calculated to be 2.6 - 4.3, 4.0 - 5.8, 4.4 - 6.2, and 4.3 -7.4 eV for CsF,
CsCl, CsBr, and RbF, respectively. The agreement between measured and
calculated values is good for three Cs-halides. We thus believe that thé
radiative transition occurs through the same band structure as determined
by photoelectron spectroscopy. In RbF, the Auger-free luminescence is
located approximately 1.7 eV lower than the calculated one. In order to
explain this lovw-energy shift, it will be necessary to introduce some
relaxation of the outermost-core-hole state. and/or the valence band state.
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Fig. 1. Excitation spectra for the 3.2
eV band (CsF), 4.5 eV band (CsCl), 4.9
eV band (CsBr), and 5.3 eV band (RbF).

[ indicates the peak positions of the
valence excitons, and A and B correspond
to the core excitons of j = 3/2 and

J = 1/2, respectively.
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The defect production by radiation in alkali halide crys-
tals has been studied extensively for many years. There is no
report, however, on the production of defects under the wave-
length selective and high-density excitation of inner core
levels. It would be expected with such excitation to find
out new defect centers and new production mechanisms. Semi -
monochromatic and high-density excitation is now possible to
be realized by using XUV-light from an undulator installed in
an electron storage ring.

In the present study, KCl single crystals were irradiated
with the undulator light which has the fundamental peak at 30
nm and the spectral width of about 5nm. On the irradiated
crystals were performed measurements of absorption spectra
from 180 nm to 900 nm and of emission spectra from 160 nm to
600 nm. Details of these experiments will be presented in
another place.

In Fig. 1 is shown a typical example of the emission
spectra measured at RT on the KCl crystals irradiated suffi-
ciently with the above described undulator light. The emis-
sion spectrum consists of six or seven rather sharp bands lo-
cated in the energy region from 4 to 6 eV. Each peak is
situated with an equi-
interval of 0.23 eV which is
much larger than the typical
phonon energies of KC1.
These structures may be con-
nected to the local vibration
at the defect centers for-
mated in the crystal. No
discernible luminescence was
observed at RT in the non-
irradiated KCl crystals. i . .

Figure 2 shows the depen- 4 5] B
dence of the intensity of PHOTON ENERGY (eV)
luminescence on the irradia-

tion dose of undulator light, Fig. 1 Emission spectrum of KCI
wiieh was uobbained af RT irradiated for several hours with
unduletor light.
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without changing all ex-
perimental set-up. The in-
tensities of luminescence (L)
are normalized with the
values of electron beam cur-

rent in the storage ring (IB)
which decrease gradually with
time elapsing. The values of
the irradiation dose repre-
sent those of the integrated

area under the beam current
vVs. irradiation time curve.
The normalized intensity of

luminescence increases in
proportion to the irradiation
dose. Therefore, the
luminescence shown in Fig.l
is reasonably associated to
the defect centers created in
the crystal by the wundulator
light irradiation.
The luminescence

temperature region between 280 and
both side above and below the region.

decreases rapidly in
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Fig. 2 Dependence of 5eV Tumi-
nescence of KC1 on the irradia-
tion dose of undulator light.

is observed rather strongly only in the

350 K. The intensity

This temperature dependence is difficult to understand, espe-

cially disappearance at low temperature,

some temperature dependent
processes of energy transfer
from the host lattice to the
defect center.

Absorption spectra ob-
served at RT in the crystals
irradiated for 30 and 205 min
are shown in Fig. 3. A band
at 2.3 eV is due to F-centers
and one arorund 6.2 eV is a
new absorption band which is
associated with the above
described luminescence. The
F-center production finishes
in the early stage of
irradiation, while the new
defect centers go on growing
with increasing the irradia-
tion dose. The new center is
supposed to be of the
molecular type, though
details not revealed at
present.
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Luminescence of Localized Excitons in KC1l:Br

Ken-ichi KAN'NO, Koichiro TANAKA, Hideo KOSAKA, Osamu ARIHOTOA
and Yoshio NAKAI
Department of Physics, Kyoto University, Kyoto 606, Japan

Luminescence due to Br ions in KC1 has been investigated at LHeT

under excitation with UV light, by varying the amount of Br ions from

-4
1.8x10

due to an isolated Br ion, which is known to locate at 7.46 eV,

to 6.8x10_2 mole fraction. Excitation into the absorption band
1 does not
induce any definite emission band. However, it was found that excitation
into the low energy side of the Br band produces two distinct emission

bands at 3.60 eV and 4.88 eV, as shown in Fig.l.

EMISSION EXCITATION

KC1:Br{1.85mol%)
LHeT

INTENSITY (a.u.)
=

Ok . . ; :
5 6
PHOTON ENERGY (eV)

Fig.l. Emission (left side) and excitation (right side) spectra of KCl:Br
at LHeT. The arrow shows the peak position of the localized exciton ab-
sorption due to an isolated Br ion.

These emission bands have been observed also by Wakita and Hirai under
X-ray irradiation.Z) They assigned tentatively these bands to originate
from localized excitons created at isolated Br ions. However, the fact
that these emission bands are both stimulated strongly at the low energy
tail of the impurity band suggests that they originate from impurity dimer
centers.3) Moreover, it has been confirmed that their intensities are both
proportional to the square of Br contents over two orders up to 2x1073
mole Eraction.4) This gives clear evidence that both emission bands derive

from the dimers of bromine impurity.

* present address: Department of Physics, Okayama University, Okayama 700.



In order to clarify the nature of the initial states responsible for
these emission bands, their decay characteristics have been measured under
the single bunch operation of UVSOR by using the combination of a Seya-
Namioka type monochromator at BLIB and a time-correlated single-photon
counting system. An appareﬁt time duration of the exciting light, measured
by the present system, was 550 ps, and the interval of successive pulses
was 177.6 ns. In Fig.2 is shown the decay behavior of the 4.88 eV
emission, along with a pulse shape of exciting light at 7.25 eV. By a
convolution analysis it was definitely determined that the emission decay
obeys a single exponential function with the time constant 1.2 ns in more
than 2 orders. This reveals that the 4.88 eV emission is the fluorescence
from a singlet state. On the other hand, the 3.60 eV emission should be
attributed to the phosphorescence from a triplet state because its life

time is too long (of the order of us) to be determined by the present

measurements.

20
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Fig.2. Decay curve of the 4,88 eV emission of KCl:Br at LHeT (dots), and
pulse shape of the exciting light from UVSOR (broken curve). Fitting by
the convolution analysis with time constant 1.2 ns is shown by solid curve.

On the analogy of m and ¢ emission from self-trapped excitons in
pure alkali halides, it is supposed that the 3.60 eV emission originates
from the lowest triplet state and the 4.88 eV emission from the higher
singlet state of the IBrz_(Vk) + e]-relaxed excitons in the matrix of KC1.
It is noteworthy that in KCl:Br excitons created at isolated Br 1ions decay

non-radiatively even at LHeT, unlike the other halogen impurity systems.

1) D.Hinks and S.Susman: phys.stat.sol.(b)52 (1972), K53
2) S.Wakita and M.Hirai: J. Phys. Soc. Jpn. 24 (1968), 1177.
3) H.Nakagawa, M.Itoh and Y.Nakai: J. Phys. Soc. Jpn., 32 (1972), 1037.

4) K.Tanaka et al.: to be submitted.



TIME-RESOLVED FLUORESCENCE STUDIES ON LANGMUIR-BLODGETT
FILMS OF BENZENE

Naoto TAMAI, Takaya YAMANAKA, Tomoko YAMAZAKI, Tadaoki MITANI,
and Iwao YAMAZAKI

Institute for Molecular Science, Myodaiji, Okazaki 444

Photophysical and photochemical properties of benzene in
ordered molecular assemblies such as Langmuir-Blodgett (LB) films
are quite interesting in relation to the excited electronic and
vibrational states. One can expect new aspects of photophysical
processes in LB films different from those in gas phases,
homogenious solutions, or crystals. LB multilayer films (Fig. 1)
containing benzene chromophore, 15-phenylpentadecanoic acid
(PPA), were deposited on CaF, or quartz plates at a surface
pressure of 25 mN =1 Polystyrene films with different
thickness were prepared for the comparison with LB films.
Fluorescence spectra, lifetimes, and quantum yields were measured
by the time-correlated, single-photon counting system equiped
with Seya-Namioka monochromator in BL7B beam line of UVSOR. 1)

As shown in Fig. 2, the LB film shows only a monomer-like
fluorescence with a peak at 283 nm, while the polystyrene film
shows an excimer fluorescence with a peak at 325 nm.

Contribution of the monomer-like fluorescence increase in
polystyrene film at 77K. Fluorescence spectral shapes were
independent on the excitation wavelength from 170 nm to 250 nm.
Fig. 3 shows a fluorescence decay curve of LB film excited at 190
nm, which is approximately single-exponential with a lifetime of
22 ns. This value is close to that of PPA in n-hexane solution.
Above results indicate that, in LB film, ground-state geometry
of benzene molecule is not a sandwich-type structure but may be
L-shape or T-shape geometry, and further dynamical motion in the
excited state is relatively restricted to form excimer. Fig. 4
shows excitation-energy dependence of fluorescence guantum yield
(¢p). As the excitation energy is increased, ¢p value is
decreased sharply at 235 nm in polystyrene and 200 nm in LB film
and has a minimum value at 190 nm (6.5 eV). The ¢p value is

recovered in higher energy region, indicating that the S, state



or the excimer state is produced directly through a benzene CT

state in high energy excitation.?2)
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Investigation of Energy Transfer in Tetracene-doped Anthracenec

Crystal by Photon-photon Coincidence Method
Tatsuhisa KATO, Takamasa MOMOSE and Tadamasa SHIDA
Department of Chemistry, Kyoto University, Kyoto 606

Energy transfer processes in organic molecular crystals have
been investigated by coincidence method between the different wave
length photons of luminescence signals at the temperature of 3ZK.
The tetracene-doped anthracene microcrystalline layers were prepared
by allowing a drop of benzene solution of anthracene and tetracene
to evaporate on clean quartz disc.

The luminescence spectrum shown in Fig.l was obtained under the
illumination of the unfiltered SR 1light. The luminescence bands at
470nm and 680nm were assigned to fluorescence and phosphorescence of
anthracene, respectively. The signal of tail of the spectrum around
550nm was due to the fluorescence of tetracene. Fig.Z shows the
coincidence spectrum between the photon signals at the wave length
of =470nm and the greater wave length than 480nm, two coincidence
peaks were shown definitely. In contrast to Fig.2Z, little time
correlation between A = 470nm photon and 2 >620nm photon was
obtained as shown in Fig.3.

It is evident that two coincidence peak in Fig.2 correspond to
the rise and decay fluorescence of anthracene and tetracene,
respectively. It has been shown by Rojansky et al. ¢ '' that the
fluorescence lifetime of anthracene in tetracene-doped crystals
decreased by orders of magnitude with increasing tetracene
concentration, and the result was explained by the combined theory
of exciton diffusion and long-range resonance energy transfer. The
decay time of the first peak 1in Fig.2Z is estimated about 900ps by
the convolution of exponential function, and in agreement with their
result of anthracene fluorescence decay. The slow rise and decay
component of second coincidence peak in Fig.2 seems to correspond to
the tetracene fluorescence, but the rise and decay time estimated of
this component 1is much longer than expected by the direct energy
transfer from anthracene to tetracene.

1) D.Huppert and D.Rojansky, Chem. Phys. Lett., 114(2), 149(1985).
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PHOTOCONDUCTIVITY THRESHOLD FOR ANTHRACENE 1IN SUPERCRITICAL
XENON FLUIDS MEASURED AS A FUNCTION OF FLUID DENSITY

Kazumichi Nakagawa, Arisato Ejiri, Kengo Itoh
and Masaru Nishikawa

Department of Pure and Applied Sciences, University of Tokyo,
3-8-1 Komaba, Meguro—ku, Tokyo 153, Japan

Photoconductivity spectra of anthracene molecules were
measured 1in supercritical xenon fluids as a function of fluid
density. The purpose of the study is to gather informations on
the solute—-solvent interaction involved in photoionization
processes. VUV light beam from a lm Seya—-Namioka monochromator
was used with a wavelength resolution of about 0.8 onm.
Photocurrent was measured by a Keithley 602 electrometer and
was analyzed by a computer.

It has been shown that the photoconductivity spectrum near
the threshold IF can be fitted to the empirical formula[l],
(i/I):B(E—IF)5/2, where E is the photon energy, I the intensity
of incident light, i the measured photocurrent. Fig. 1 shows a
plot of (1/1)2/5 vs E. Straight portion of the (i,/I)z/5 curve
was extrapolated and the value of IF was determined from its
intercept on the base line. Fig. 2 shows a comparison of IF
obtained in this work with the result of calculation (curve A)

according to the eq. 1;

= = ol N
Ip = Ip + Vg + P, P = -e“/2R(1-1/¢), (1)
where Ig is the gas phase ionization potential of anthracene,
VO the conduction band energy in xenon fluids, P the
polarization energy. P values were estimated by Born’s formula

with the dielectric constant & calculated by the Clausius-—
Mossotti relation and with the radius R of anthracene’ ion
(0.325 nm) determined by Holroyd et al[l] from the Photo-
conductivity measurement in nonpolar hydrocarbon liquids. VO

values are taken from experimental results by HReininger et



al. 2] Ig was reported to be 7.47 eV from the photoemission
experiment. [3]

There 1is a clear difference between the calculated values
of IF (curve A) and observed IF’ especially at low densities.
Validity of Born’s formula was examined with the plot of ionic
radii R estimated by eq. 1 wutilizing VO data obtained by
Reininger et al (Fig. 2(b)). Values of R at low densities
decrease drastically with decrease in density, which may imply
that there 1is stronger polarization than that estimated by
Born’s formula using the bulk dielectric constant. It is to be
noted that R values at higher densities seem to converge at
0.325 nm, i.e. the value in nonpolar liquids. It seems to
indicate that the local dielectric constant is higher than that
of the bulk, hence the presence of clusters.

References: [1]R.A.Holroyd,J.M.Preses and N.Zevos, J.Chem.Phys.
79,483(1983).(2]R.Reininger,A.Asaf,I.T.Steinberger and S.Basak,

Phys.Rev.B28,4426(1983). [3]R.Bosci,J.W.Murrell and W.Schmidt,
Faraday Disc.Chem.Soc.54,116(1972).
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Angle-resolved Photoemission from Oriented Thin Films

of Stearone with Synchrotron Radiation

X XX %
N. Ueno, K. Seki , N. Sato , H. Fujimoto , K. Sugita

and

. Inokuohi "

Department of Image Science and Technology,
Faculty of Engineering, Chiba University, Yayoi-cho, Chiba 260

b
Department of Materials Science, Faculty of Science,
Hiroshima University, Hiroshima 730

**Department of Chemistry, College of Arts and Sciences,
The University of Tokyo, Komaba, Meguro, Tokyo 153

X
**Institute for Molecular Science, Myodaiji, Okazaki 444

The angle-resolved photoemission spectroscopy (ARUPS)is an
unique tool in investigating the energy band dispersion of
gsolids in wide energy range. Further, using this technique, we
can obtain the information of molecular orientation in very thin
film of molecular solids with little radiation damage.

Our purpose of this study is (i) to clarify the existence
of the energy band dispersion EzE(k) in a long chain molecule
and (ii) to study the molecular length which is necessary for
the appearance of the dispersion. In this direction, w?)
determined E=E(k) relation in a repeating -(CH,)- chain using
hexatriacontane thin films and LB-films of cadmium arachidate.

Here, we report the results of the angle-resolved
photoemission experiment on thin films of stearone,
CH,(CH,) 6CO(CH },.CH,, using synchrotron radiation as a
tunablé Iight source.  This molecule has shorter 'effective chain
1eng§h', that is (CHZ)IG, than those used in the previous
work':

The thin films of about 9nm thickness were prepared on Mo
substrates by vacuum evaporation in the preparation chamber and
subsequently transferred to the measurement chamber. The
molecular orientation of the thin films was studied by measuring
ARUPS spectrum as a function of emission angle of photoelectrons,
and we found that the molecules stand as their long axes
perpendicular to the substrate surface.

Figure 1 displays an example of the photon energy dependence

of the normal emission spectrum in the photon energy range 40 -
120 eV. Using these results, E vs k curves were calculated in



accordance with the previous work,l) and shown in Fig. 2. Here
the curves are plotted in the extended zone scheme, since an
unclarified energy shift exists depending on the photon energy
for hv {70eV and hr2105eV. A modified result of an

ab-initio b??d calculation for an_}dealized E?lyethylene chain
is compared in the range 3.72cm "<k¢{4.96cm ~, where the

hy -dependence of the unclarified energy shift is small.
Excellent agreement was obtained between observed and theoretical
dispersion relations. We note that all valence band dispersion
was clearly observed for (CHZ)1 chain and especially the upper
B.band near the top of wvalence gands, which was not observed in

the previous work?

was clearly found.

References

1) K. Seki, N. Ueno, U. O. Karlsson, R. Engelhardt, and E. E.
Koch, Chem. Phys. 105, 247 (1986), and references therein.
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ULTRAVIOLET PHOTOEMISSION STUDY OF POLYTHIOPHENE OLIGOMERS (1I)
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Conducting polymers are the subject of recent active
researches. However, structural characterization is quite
limited by their amorphous nature and by their insolubility to
solvents. By use of oligomers these problems are overcome,
although the end effect arises. Polythiophene belongs to the
class of conducting polymers with non-degenerate ground state
and its electronic structure is of great interest.

We will report here on the ultraviolet photoelectron
spectroscopic (UPS) study of several polythiophene oligomers;
2,2"' 35" 27BN, 2 p gt | DWHLEI SN . GEAT QNN _wanti thiophene
(aq), 2,2"':5',2":56",3™ 4™ ,2"":5"",2""" :5""',2"""—geptithiophene
(xgBx3), and (E)-1,2-bis(2,2':5",2"-terthiophene-5-yl)ethylene
(&3‘/&'3 ).

Thin films of 30-50 nm thickness were prepared by in situ
vacuum evaporation in the preparation chamber and subsequently
transferred to the main chamber.l) UPS spectra were measured for
the normal emission from the sample surface with the incident angle
of the light beam of 60°.

Figure 1 shows the photon energy (hv)-dependent UPS spectra
of a7. In the low-binding-energy region (E, = 2 - 4 eV) the =x-
bands are observed, while the peak located at around E, = 7.5 eV
has a o-character. The ionization cross section of the p
electron is almost constant in this region and that of the s
electron decreases gradually with increasing hv. As the result,
the relative intensity of x bands increases with hv.

Figure 2 shows UPS spectra of a3Ea3 and azVeg and the
orbital energy calculated by the semiempirical MNDO method. The
agreement between UPS spectra and the calculated energy is good.
It should be mentioned that from the optimized geometry by MNDO
a3B«3 consists of the two planar «g parts and the 8 ring, which
the o5 and [ parts are perpendicular to each other.
Correspondingly, the x-band spectrum of «q0xg can be reproduced
by adding the spectra of two trimers and a monomer.



These results clearly indicates that the way of
polymerization significantly affects the electronic and electric
properties of polythiophene, and the controll of the
polymerization process is important for achieving good
conductivity.

Further investigation is in progress on other oligomers
containing 3-8 thiophene rings.

Reference

1) K. Seki, H. Fujimoto, T. Mori, and H. Inokuchi, UVSOR Activity
Report, 14, 11 (1986).

—
hv =45 eV¥

U3V l’:l.3

L 1 gt 1 PRI B " " 1 y P T |
< bttt —————
hv =45 eV
55
° aypay
65
70
80
| . , T T TY Y B A
35 o 25 20 15 0 5 EF:D ' ) ) ) ) ; . ) . . \ ) . ) . ;
fo e 15 10 5 Eg=0
EbIEV

Fig. 1 hv-dependent UPS Spectra Fig. 2 UPS spectra of agflag
of . and agVag, Vertical
.lines show the orbital
energy calculated by
MNDO.



SYNCHROTRON RADIATION EXCITED CHEMICAL VAPOR DEPOSITION
OF THE CARBON FILMS
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* Toyohashi University of Technology
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Photo-chemical wvapor deposition (Photo CVD) is a promising
method of new fabricating processes and selective growth at low
temperature. Synchrotron radiation (SR) is a suitable light
source for photo CVD process, because many reactant gases have
large dissociation and ionization cross sections in the VUV
region. In this study, hydrogenated carbon (C:H) films were
deposited on Si substrates by SR-CVD using CyHq1p gas at room
temperature. The mechanism of the deposition and the optical
properties of the films are investigated.

Electric field ranged from -120 V/cm to +170 V/cm was applied
during the deposition as illustrated in Fig.1, where a Ni mesh
was fixed at 0.7 cm upstream from the substrate. A direction
of the positive electric field was defined from mesh to
substrate. The gas pressure was kept below 1 Torr. The
accumulated light intensity was upto 500 mA hr.

Optical emission from excited CyHqg gas was observed in the

visible region (Fig.2). It is found that CH, C, radicals and
H atoms exist.

Fig.3 shows SEM image of the sample. The film was
selectively grown on the SR irradiated region. The

dependence of thickness on the applied electric field is shown
in Fig. 4. When a positive bias is applied, thickness of the
film is proportional to the applied voltages. However the
thickness of the films keep a fixed value independent of the
negative electric field. Therefore, not only the positive ions

but also the neutral species contribute to the deposition of the

films. Infrared (IR) absorption spectra of the film was
shown in Fig. 5. The observed peaks correspond to sp3 CHy at
2960 cm™!, sp3 CH, at 2920 cm™', sp3 CHy at 2880 cm™!, sp? CH at
3000 cm™ 1. It is evident that the films were sp3 rich: €:H
films.
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WAVELENGTH DEPENDENCE OF SELF DEVELOPMENT OF POLYMETHYLMETHACRYLATF

HITOMT YAMADA, SATOSHT TTOH, MAKOTO NAKAMURA, HISATO KATOH, SHINZO MORITA
and SHUZO HATTORT
Department of Electronics, Nagoya University

Fro-cho, Chikusa-ku, Nagoya 464 ( Japan ).

Polymethylmethacrylate (PMMA) was exposed to synchrotron radiation (SR)
directly or through Be film as an X-ray filter. The typical wavelength was
ranged in 3-1000A for the direct exposure and in 3-20A for the exposure th-
rough Be film. The SR exposure was performed at an electron energy of 750MeV.
The substrate temperature could be controlled from RT to 300°C by using a tem-
perature controller. The molecular structure before and after exposure was in-
vestigated by IR and UV measurements.

Self development characteristics of PMMA are shown in Fig.l as a function of
exposure dose., It was found that the self development was remarkably affected by
substrate temperature. Self developing thickness increased with increasing the
exposure dose at a small dose, while it saturated at a large dose without sub-
strate heating. However, the self development vas reached to the bottom by sub-
strate heating. Then, it was found that the self developing rate was dependent
on substrate temperature. With increasing the substrate temperature, the self
developing rate was enhanced. For the direct exposure, the self development to
the bottom was obtained at the temperature over 100°C near the glass transition
temperature. On the other hand, it was attained below 100°C. Therefore, it is
considered to be possible that the pattern fabrication can be easily obtained by
SR exposure with the substrate heating.

The IR spectra before and after SR exposure are shown in Fig.Z for both ex-
posure conditions at the substrate temperature of RT. The absorption peaks at
1730 and 1140cm™* due to ester and carbonyl structure decreased with increasing
the exposure dose for both conditions. For the direct exposure, the hydrocarbon
film vas finally formed as a residue. Then, the nev peaks around 1700cm ' due to
the oxidized C=C structure vas observed[1]. However, it was not clearly observed
for the exposure through Be film. From the results of UV measurement, it wvas
found for the direct exposure that the residual film resembled a graphite carbon
film.

References

[11 %. Shen, "Plasma Chemistry of Polymer” ( Marcel Dekker, New York., 1376 ),



Transmittance

(=)
T

B

o
[<2)

o
~
T

Normalized Removal Thickness
o
o

o

o

g

T=20°C

/‘opﬁ Direct

-close- BelSpm

104 105

Exposure Dose (mucm2 )

102

Fig.1l. Dependence of self development on substrate temperature.

Wave Number (cm-1)

Fig.2(a). IR spectra before and

after SR direct exposure.

PMMA ( Direct Exposure )
PMMA ( Exposure Through Be )
As=-depo As - depo
8 \T’T
£ Residual
Residual = Thickness 100%.
Thickness 100% E
e
o
M’r-—-w_—_——-‘- ¥ 65.[
50% ’
W—/
47 43
S0 3200 2000 150 1000 50 500 30 200 150 1

Wave Number (cm™! )

Fig.2(b). TR spectra before and

after SR cxposure through Be.




RADIATION-INDUCED DEGRADATION OF MOS DEVICES
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Synchrotron radiation (SR) lithography ~has attracted much
attention recently. Replication of high-resolution patterns
is possible due to the high collimation of SR. In the next
semiconductor technology,SR lithography will be widely used.
Mask and resist materials for this process have been reported.
But SR irradiation effect in the semiconductor devices have not
been investigated. In this report, we show SR irradiation
effect for Au/SiOzlsi MOS diodes, and its annealing effect.

The thickness of Sioz layer on n-type (100) Si wafer was
20nm. Metal electrode of Au was deposited on the SiO, layer.
(Fig.1). Fig.2 represent the typical Capacitance-Voltage
characteristics before and after irradiation. Hysteresis and
flat-band voltage shift were observed in the C-V
characteristics after SR irradiation. Interface states
density (Nss) of MOS diocde increased by SR irradiation.
Electron-hole pairs are formed in the SiO, layer by SR
irradiation and the holes would be trapped near the interface
between SiO, and Si,making up the space-charge.

The MOS diodes after SR irradiation were annealed at 50C-
250C during 60 minutes in the N, atmosphere. Fig.3 shows the
relationship between annealing temperature (Tp) and flat-band

voltage shift ( 4Vgg). The 4 Vpg almost disappeared at 250C.



Fig.4 shows the relationships between Ngg and Tp. The
hysteresis width also disappeared at 250C. The Ran almost
went back to the original value of MOS diodes before SR
irradiation at 250C.

In summary, the damages are produced by SR irradiation in

the semiconductor devices, but they are easily removed at 250C.
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Many efforts have been done for the development of X-ray
microscopy in the wavelength between 2.37 and 4.47 (nm)
(absorption edges of oxygen and carbon, respectively), because
of high contrast of biological materials against water. In
longer wavelength region, however, relatively less efforts
heve been paid. We have studied feasibility to sort out the
importance of the development of X-ray microscopy in longer
wavelength region, and pointed out possible effectiveness of
the utilization of VUV light, such as the use of phosphor
absorption edge [1,2].

To develop the X-ray microscope at the wavelength of VUV
region, the use of a free-standing zone plate is inevitable,
Thus, we have fabricated a free-standing zone plate, and tested
its focal and magnifying features at the Institute for Molecular
Sciences (Okazaki). The test system was applied for the
observation of mesh and hard tissues (bones and teeth).

Fabrication procedure of zone plate

Original fabrication procedure was reported elsewhere [1]. It
was improved in several points. The present characteristics are:
n=312, £=150 (mm) at 8 (nm) of the light, dr,=0.98 (pm), and
thickness of Au = 2 (pm) with a central mask of 0.2(mmg¢) was
employed.

Test system of zone plate

Focal and magnifying features of the fabricated free-standing
zone plate have been tested at the beam line 6A2 of UVSOR at the
Institute for Molecular Sciences. The zone plate was placed at
the downstream of a plane-grating monochromator through which
monochromatized lights from 8 (nm) to visible region are
utilized. Beam from the monochromator was focused with 1 (mm)
square, and diverged with 10 (mm¢ rad). Photons passing through
a pinhole were used for the experiments. Samples (meshes or hard
tissues) were fixed directly on a pinhole with silver-paste.
Magnifying ratio was changed by removing distances between the
zone plate and detectors. To detect the focused images,
multichannel plate (Hamamatsu Photonics, MCP-F2222) [3] or



photographic films (MEM, Mitsubishi) were used.
Results

In Fig. 1, a photograph of an image of Cu 25 (um) mesh (TAAE
Lab. Equip.) is shown. The mesh was mounted on 0.4 (mmg)
pinhole. MEM films were used to detect images focused by the
zone plate. The observed wavelength was 10.5 nm. Magnifying
power was set at 10. The dark parts on the upper left are due to
O-order diffraction, and a mesh image at the center is due to
first-order diffraction. Judging from the sharpness of mesh
edges, resolution of a few microns is attained, which is
comparable to grain size of the film. The mesh images were
defocused with the increase of the wavelength of the incident
beam.

Hard tissues (bones and teeth) were observed. An example
of a human thigh bone with many small holes (bone cavities) is
shown in Fig. 2. The area other than cavities gave scarce
information, probably because of its thickness (c.a. 40 p). A
technique to prepare thinner specimen is necessary.
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The photoacoustic method is originated to the finding by A. G.
Bell and detects the heat generation accompanied by the electro-

magnet wave absorptionj)

In addition to the normal wave range
such as UV, wvisible and near- and mid-IR regions, X-ray
photoacoustic effect was recently observed using synchrotron
radiation source.z) Photoacoustic method detects the pressure wave
which was generated by heat expansion of the surrounding gas close
to the surface of materials. Thus, this indirect detection
principle enables us to apply this method to any range of
wavelength with a same detector. Far-IR is the longer end of
these region with a lot of interesting research fields.

Air-tight photoacoustic cell was made of stainless steel and set
at the focus point of far-infrared facility(sample point) at beam
line 6A1. Chopping frequency was set at 40Hz for photoacoustic
detection and 20 Hz for Goley cell detection. Soft springs were
used for the insulation of the surrounding acoustic noise. Figure
1(a) shows one of the strongly contributed noise from the turbo-
molecular pump and this 120 Hz noise was disappeared when the pump
was stopped as seen in the usual noise level of Fig. 1(b). The
spiked noise whose source is still unclear was cut off by low-pass
filter. Figure 2 shows a photoacoustic signal of silver black
with 32 scan average. The convex triangular rise-up of
photoacoustic signal is the typical for solid materials to show
integrated rising up of the temperature at the surface of the
sample. The signal by Goley cell(Cathodeon Ltd. England)(Fig.3)
shows quite different and smooth shape which may due to some



modification through electronics and showed better S/N ratio than
that for photoacoustics at this stage. The improvement of the

sensitivity of this detection system is under the the progress in
our group. -
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Effect of temperature on the far-infrared optical constants

of liquid acetonitrile
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The far-infrared optical constants of liquid acetonitrile
were measured in the temperature range 238K - 343K by use of
a far-infrared spectrometer at BL6AI.
The ligquid sample was sealed in a ligquid cell with O-rings.
An aluminium spacer of 30um thickness and silicon windows of
25mm diameter and 3mm thickness were used. The cell was
attached to a copper block whose temperature was controlled
by use of an electric heater and a cooled nitrogen gas.
The observed transmission spectra of liguid acetonitrile at
temperatures 238K to 343K are shown in Fig.l. The periodic
waves on the spectra are interference fringes due to the multiple
internal reflection. For an analysis of these 'deformed’
spectra, we have developed a computer simulaticn program based
on the optical theory allowing for the multiple internal
reflection and the Kramers-Kronig relation.l) An example of
the best fits obtained by the simulation is shown in Fig.2.
The temperature dependence of the absorption coefficients

of liquid acetonitrile is shown in Fig.3. According to
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Fig.l. Observed transmission Fig.2. Observed and calculated
spectra of liquid acetonitrile. transmittances at 238K.



caused by relaxation of
the cage in which the
liguid molecule performs
the librational motion.
The increase of the lump
with temperature
indicates the faster
decay of the cage at

the higher temperature.
Fig.4 shows the
rotational velocity
correlation function
given by the Fourier
transform of the
absorption spectrum.
With increasing

the

oscilation amplitude of

temperature,

the correlation fuction
decreas=zs. This fact
is also explained by
loosening of the cage
at the higher

temperature.
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Kondo states of Ce-compounds : Ce%a, CeTe and Celn
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Department of Physics, Nagoya University, 464, Nagoya Japan™

CeBG, CeTe and CeIn3 among Ce compound show anomaly on the Fermi
surface which is due to an localized electron existing in the 4f-shell.
This phenomenon is called the dense Kondo effect. These are many reports
on the anomaly in electric and magnetic behaviors on the Kondo substance.
However the research of low energy optical properties have been rare.

We measured the far infrared optical reflectivity of the single crystals of

CeBS, CeTe and CeIn3 to obtain more detailed informations of the Kondo
state, that is the electron structure of near Fermi surface.
The double reflection of 45° incidence on sample surface for the photon

energy from 10 to 200cm_1 has been measured on single crystals of CeB CeTe

6’
and CeIn3 at 10K and 300K (Fig. 1).

Fig. 2 shows the experimental results of the reflectivity at 10 and 300K for
CeInB. There are simple Drude reflection due to the free electron appeared
at 300K. An absorption, however, occured at about 6 meV at 10K. This ab-
sorption seems to correspond to the similar absorption already observed by
us in Yb4Asa[1} and CeBi[2]. This absorption differs from an optical

phonon which appears at 20 meV from neutron scattering of LaInS[S]. The

temperature of maximum (TM) electric resistivity of Celn, is about 50K14].

Therefore, this absorption seems to correspond to the Koido Lattice forma-
tion. Fig. 3 shows the experimental results of the reflectivity at 10 and
300K for CeTe. In this case as CeIn3 it can be seen only the Drude reflec-
tion due to the free electron alsoc at 300K. An wide absorption centered at
14 meV, however, appears at 10K. TM from electric resistivity of CeTe is
30K[5] . The ordered magnetic moment per Ce atom is only O.EUB[S]. It is
suggested that CeTe at 10K has been already formed the Kondo Lattice.
Therefore, this absorption seems to correspond to the Kondo Lattice forma-
tion. Fig. 4 shows the experimental results of the reflectivity at 10 and
300K for CeBG. An absorption appears about 11 meV in the reflectivity at
10K comparing with that at 300K. Optical phonons from neutron scattering
result appears above 23 meV[6]. The Kondo temperature (TK) of CeB6 seems to
be about 1K[7] . Even if CeB. at 10K is not yet formed the Kondo Lattice,

6
this absorption seems to connect with Kondo effect. The absorption due to



Kondo peak near Fermi level is discovered in the far infrared optical
reflectivity.
The detailed assignment needs more experimental studies, that is measure-

3 .
ment under lower temperature (temperature of He”) and high magnatic field.
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FAR-INFRARED ABSORPTION SPECTRUM OF SUPER IONIC
CONDUCTOR RbAg4I5
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The alkali silver iodide super ionic conductor RbAg 15
has the hjghest room-temperature §pecfific conductivi%y,
0.27(Q cm) ~, of any ionic crystal. Crystals of RbAg415
belongs to P4132 or P4,32 at temperatures above Z208K(a -
phase). They belong to"R32 between 121. 8K and 208K. Below
121. 8K, they do not have high conductivity, and belong to
trigonal, but details are not clear.

In the @-phase, the crystgl contains four formura units
per unit cell with 16 Ag ijons distributed over 5
interstitial sites forming two equivalent sets. These Ag

ijons are in slightly distorted iodine tetrahedra.

The diffusive motion of Ag+ ion is expected to give light
scattering or_labsorption with energies of the order
of a few cm . The Raman spectrum of RbAg,I_. has been
studied by Gallager and Klein? But far—infrareé gbsorption
spectrum has not been sgudied in detail because of the
experimental difficulties.

We have measured reflectivity in region from 7 to 200cm 1
and calculated dielectric constants by the Kramers—Kronig
transformation. Samples are prepired in iodide hydroacid
solution saturated by Rbl and Agl.

Fig.1 shows the reflectivity spectrum and Fig.2 the

imaginary part of dielectric constant._1 At g?OK there are

three main absorption bands near 80cm -, 18cm and 6cm -1
At T7TK, under the phase transition temperature, the 6cm
absorption has disappeared, although the 18cm pe@k, which

is thought to be due to the diffusjve motion of Ag ion, has
remained. This suggests that 6cm absorption is due to the
diffusive motion of Ag ion. At 15K many peaks has begun to
separate. Most of them seem to be doublets. This seems to be
due to the tunng}ing effect among the equivalent sites. The
peaks near 80cm are similar and slightly shifted to those
of Raman spectrum and seems as TO-LO splitting. The
assignment of these fine structures is left as a future
problem. Also the the temperature dependence of the
reflectivity nearby the phase transition temperature
should be studied.
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MEASUREMENTS OF FAR-INFRARED SPECTRA OF MOLECULAR CRYSTALS
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Department of Chemistry, Gakushuin University,

Mijiro, Toshimaku, Tokyo 171

The far-infrared measuring system which has been installed
at the beam-line BL6A by Namba et al.l) was used for the meas-
urement of the lattice-vibrational spectra of molecular crystals.
The small spot-size of the measuring light as well as its polar-
ization have been expected to be useful for the far-infrared
measurement on solid state samples.

The cryostat was used with a small modification for the
transmission measurement. Other equipments was used without
modification. Thin single crystals cut from the Bridgman ingots
were mounted on sample holders with 4mm apertures.

[1] Carbazole

Figure 1 shows {(a) light intensity through the reference
aperture, (b) light intensity transmitted through a carbazole
crystal at liquid nitrogen temperature with the crystal a-axis
parallel with the light polarization, and (c} the transmittance.
The dips indicated by arrows at 73 and 128cm~1 in (a) arise from
the absorption by the polyethylene window of the sample chamber
and by the quartz window of the detector, respectively. Spectrum
(c) almost agrees with the literature.?2) However, the intensity
normalization by the reference is not perfect, since there
remains a dip of absorption at 128cm-1 (arrow in (c¢)) where a
single broad band is considered to exist. Thus, one must be
careful in interpreting the fine structure of the spectrum.

[2] Phenothiazine

Phenothiazine has a ferroelastic transition at 248.8K, and
Raman spectra in the lattice-vibrational region have been studied
in detail.3) Figure 2 shows the transmission spectra at room
temperature (R.T.) and liquid nitrogen temperature (L.N.T.) with
the polarization along a- and b-axes. Group theoretical analy-
gis indicates that two lattice vibrational modes are infrared-
active along these axes at room temperature, while four and five
modes are active along a- and b-axes in the low-temperature

phase, respectively. We recognize some prominent absorptions in



both the phases, but the noise of the base line prevent the

identification of the weak bands.

1) T. Nanba et al., Int. J. Infrared and Millimeter Waves 7
(1986) 1769. 2) A. Bree and R. Zwarich, J. Chem. Phys. 49 (1968)
3344. 3) H. Nakayama and K. Ishii, Chem. Phys. 114 (1987) 431.

Fig. 2 Transmission -4
spectra of RT #a
phenothiazine B
2
Fig. 1 Carbazole (a-axis)
at liquid nitrogen -
temperature
I | | 1
.4 6
L.N.T. 7a
s L
e
-
g . st
]
=
=
- e L
Q
o
@
'E‘l | I ] !
I R.T. /
i b s | B
B [>
o
)
o .14 b 0.6
Q
o
=]
(= i L
1 1 1 1 | 1 1 1
1.0 d 2.4
L.N.T. /b
<) s =
(=]
ot
@ \
.ﬂOJ— 1.2 -
E
: }
7 C i
|3l
! 1 i 1 | 1 1 1
0 100 200 ) 100 200
Wavenumber/cm~1 Wavenumber/cm~!






APPENDIX




ORGANIZATION

Staff
Director Katsumi
Light Source Group
Toshio
Hiroto
Toshio
Masami
Beam Line Group
Makoto
Kazutoshi
Kusuo
Osamu
Jun-ichiro
Eiken
Secretary Kayoko
Guest Scientists

Shun-ichi

Ian

Xilin

Chaoyin

Dikui

KIMURA

KASUGA
YONEHARA
KINOSHITA
HASUMOTO

WATANABE
FUKUI
SAKAT
MATSUDO
YAMAZAKI
NAKAMURA
MATSUDA

NAOE

MUNRO

XU

XU

JIANG

Professor

Associate Professor
Research Associate
Engineer

Engineer

Associate Professor
Research Associate
Section Chief Engineer
Unit Chief Engineer
Engineer

Engineer

Adjunct Associate Professor
from Kanazawa Univ.
(April 1987 - )

JSPS Visiting Scientist
from Daresbury Lab., U.K.
(January 1987 - May 1987)
Visiting Scientist

from Hefei Synchrotron
Radiation Lab., China
(June 1987 - August 1987)
Visiting Scientist

from Hefei Synchrotron
Radiation Lab., China
(June 1987 - August 1987)
Visiting Scientist

from Hefei Synchrotron
Radiation Lab., China

(June 1987 - August 1987)



Representative of Beam Lines

BL2A Kosuke SHOBATAKE Dept. Molecular Assemblies
BL2B2 Katsumi KIMURA Dept. Molecular Assemblies
BL3B Inosuke KOYANO Dept. Molecular Assemblies
BL8B2 Hiroo INOKUCHI IMS

Others Makoto WATANABE UVSOR

Steering Committee (June 1986 - March 1988)

Toshio KASUGA IMS

Katsumi KIMURA IMS Chairman
Inosuke KOYANO IMS

Tadayoshi SAKATA IMS

Kosuke SHOBATAKE IMS (April 1987-)
Yasuo UDAGAWA IMS

Makoto WATANABE IMS

Shun-ichi NAOE IMS and Kanazawa Univ.(April 1987-)
Yoshihiko HATANO Tokyo Inst. Tech.
Takehiko ISHII Univ. of Tokyo
Yoshio NAKAI Kyoto Univ.

Takeshi NAMIOKA Tohoku Univ.

Shunsuke OHTANI Nagoya Univ.

Tadashi OKADA Osaka Univ.

Taizo SASAKI Osaka Univ.



LIST OF PUBLICATIONS ( 1987 )

1)"A Double Crystal Monochromator for Soft X-Ray Beam Line of
UVSOR"
T.Murata, T.Matsukawa, M.Mori, M.Obashi, S.Nao-e,
H.Terauchi, Y.Nishihata, O.Matsudo and J.Yamazaki
J.de Phys. C8 (1986) 135.
2)"Polarized Reflection Spectra of Orthorhombic Indium Bromide
2-30eV Region"
K.Nakamura, Y.Sasaki, M.Watanabe and M.Fujita
Physica Scripta 35 (1987) 557.
3)"Synchrotron Radiation-Assisted Etching of Silicon Surface"
N.Hayasaka, A.Hiraya and K.Shobatake
Jpn. J. Appl. Phys. 26 (1987) L1110.
4)"Rare-Earth N
Compounds"

4,5 Absorption Spectra of Some Rare-Earth
O.Aita, K.Ichikawa, M.Kamada, M.Okusawa, H.Nakamura and
K.Tsutsumi
J. Phys. Soc. Jpn. 56 (1987) 649.

5)"Primary Processes in the 121.6 nm Photolysis of Gas Phase

Ethyl Bromide"
K.H.Jung, D.K.Oh and K.Shobatake
J. Photochem. 39 (1987) 217.
6)"Plasma-Polymerized Dry-Developable Resist for Synchrotron
Radiation Lithography"
M.Hori, H.Yamada, T.Yoneda, S.Morita and S.Hattori
J. Electrochem. Soc.134 (1987) 707.
7)"Optical Properties of Polycrystalline YBa,Cu

395"
¥.L.Wang, T.Nanba, M.Ikezawa, Y.Isikawa, K.Mori,
K.Kobayashi, K.Kasai, K.Sato and T.Fukase
Jpn. J. Appl. Phys. 26 (1987) L1391.

8)"Beam Lines at the UVSOR Facility"

M.Watanabe
Physica Scripta 36 (1987) 59.
9)"Photoexcitation and Photofragment Fluorescence Studies of
Methanethiol in Vacuum Ultraviolet"
I.Tokue, A.Hiraya and K.Shobatake
Chem. Phys. 116 (1987) 449.

in



10)"Photoexcitation of CHBNCO, CH3NCS and CH3SCN in the Vacuum
Ultraviolet: Rydberg States and Photofragment Emission"
I.Tokue, A.Hiraya and K.Shobatake
Chem. Phys. 117 (1987) 315.
11)"Synchrotron Radiation Measurements of Appearance Potentials
for (H20)2+, (H20)3+, (H20)2H+ and (HZO)H+ in Supersonic Jets"
H.Shiromaru, H.Shinohara, N.Washida, H.S.Yoo and K.Kimura
Chem. Phys. Lett. 141 (1987) 7.
12)"Determination of the C-H Bond Dissociation Energies of
Ethylene and Acetylene by Observation of the Threshold
Energies of H' Formation by Synchrotron Radiation"
H.Shiromaru, Y.Achiba, K.Kimura and Y.T.Lee
J. Phys. Chem. 91 (1987) 17.
13)"Production of Pb' Ions Following 5d Core Photoionization of
Tetramethyl Lead as Revealed by a Coincidence Experiment"
S.Nagaoka, S.Suzuki and I.Koyano
Phys. Rev. Lett. 58 (1987) 1524.
14)"The Effect of Field Error of an Undulator Magnet on the Tune"
H.Yonehara, T.Kasuga, T.Kinoshita and M.Hasumoto
Jpn. J. Appl. Phys. 26 (1987) 1939.
15)"Absorption Spectra of Amorphous and Crystalline SnTe Thin
Films in the 2-120 eV Region"
K.Fukui, J.Yamazaki, T.Saito, S.Kondo and M.Watanabe
J. Phys. Soc. Jpn. 56 (1987) 4196.
16)"Intramolecular Band Mapping of n—CH3(CH2)34CH3 over the Whole
Brillouin Zone by Angle-Resolved Photoemission"
H.Fujimoto, T.Mori, H.Inokuchi, N.Ueno, K.Sugita and K.Seki
Chem. Phys. Lett. 141 (1987) 485.
17)"Reflection Spectra of CulnSe, from 2 to 100 ev"
K.Takarabe and T.Irie
Jpn. J. Appl. Phys. 26 (1987) L1828.
18)"Kondo States of Yb4Sb3 and Yb4As3"
Y.S.Kwon, A.Ochiai, H.Kitazawa, N.Sato, H.Abe, T.Nanba,
M.Ikezawa, K.Takegahara, O.Sakai, T.Suzuki and T.Kasuya
J. Mag. Mag. Mater. 70 (1987) 397.



LOCATION

Ultraviolet Synchrotron Orbital Radiation (UVSOR) Facility,
Institute for Molecular Science (IMS) is located at Okazaki.
Okazaki (population 280,000) is 260 km southwest of Tokyo, and
can be reached by train in about 3 hours from Tokyo via New
Tokaido Line (Shinkansen) and Meitetsu Line.

Niipata

®/Sendai

Address is as follows.
UVSOR Facility
Institute for Molecular Science

Myodaiji, Okazaki 444, JAPAN

Telephone : 0564-54-1111 (IMS), ex. 400-409 (UVSOR)
Fax : 0564-54-2254 (IMS)
Telex : 4537475 KOKKEN J (IMS)
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