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Isotope Effect on the Fluorescence Cross Section for the
Dissociative Exctation Processes. I. CHgCN and CDgCN.
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The relative cross section and guantum yield of fluorescence
from the nascent CN*(B,A) formed by photodissociative excitation
of acetonitrile-hy and -d3 were determined in the wave length
region of exciting photon between 105 and 150 nm on the fluores-
cence apparatus for vapor phase photochemistry using UVSOR syn-
chrotron radiation as a light source. Figure la and 1b show the
absortion and the fluorescence cross section againt the excita-
tion photon wave length for CD3CN and CHZCN, respectively. The
quantum yield for emission from the excited photofragment
cN*(B,A) formed by the reaction:l:2)

CXgCN + hy —3 CXgCN™

—> CX3 + CN"(B,A) (X =H, D)

has been found to increase gradually with photon energy. We have
also found that the fluorescence gquantum yields for two isotopic
compounds are almost identical in the wvalence band region above
130 nm, while that for the CD3CN is about a factor of two larger
than the one for CH3CN in the Rydberg transition region below 125
nm. The present findings are explained in light of the isotope
effect of competing dissociation channels involving the motion
of hydrogen atoms in the methyl group, such as formation of CH,CN
+ H, CHCN + Hy, CH, + HCN. Preliminary measurements of the
fluorescence excitation spectra of HCN and DCN show that the
guantum yields for CN*(B——ax) emission from the photofragments
are almost identical for two hydrogen isotopic compunds except
for some isotopic shifts in vibrational frequencies, which

makes a contrast to the findings on the CX53CN system.
1) H. Okabe and V. H. Dibeler, J. Chem. Phys. 59, 2430 (1973).

2) M. N. R. Ashfold and J. P. Simons, J. Chem. Soc. Faraday
II174, 1263 (1978).
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Figure 1. Absorption and fluorescence cross section versus
wave length of the exciting photons for CD5CN (upper) and CHZCN
(lower) in the gas phase. The fluorescence cross section was
put on an absolute scale by scaling the fluorescence intensity
to that of H,0 whose absolute fluorescence cross section is
determined by Lee et al. (J. Phys. B_11,47 (1978)). The
resolution of the dispersed synchrotron light was about 5.0 ;.



FLUORESCENCE FROM ION-PAIR AND RYDBERG STATES OF I,
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West Mains Road, Edinburgh EH9 3JJ, U.K.
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Absorption and emission excitation spectra of-iz vapor
have been recorded in the wavelength region 105-210 nm using
synchrotron radiation from UVSOR. Transparent light intensity
was measured by a combination of a sodium salicylate coated
window and a photomultiplier. The absorption cross section was
determined from the attenuation of 1light intensity in a cell
with an optical path length of 10.9 cm. Fluorescence was
viewed at right angle to the incident light and observed at
wavelengths longer than the air cut-off (ca. 180 nm).

The measured absorption cross section as a function of
wavelength, in the region 105-210 nm, is shown in figure 1.
Three broadly different regions in the absorption spectrum are
distinguished: the broad feature between 173-205 nm is due to
ion-pair absorption assigned as D(OE) <« X(O;)l, and the sharp
bands between 132-176 nm are due mainly to Rydberg transitions,
and the broad continuous absorption is due to photoionization.

As shown in figure 1, the strongest fluorescence band is
observed in the region 173-205 nm associated with the D(OG)
ion-pair state. It is striking that fluorescence is not
observed from the Cg Rydberg system (175 nm)z. Because of low
sensitivity of the fluorescence measurement system in this
wavelength region, it can not be said whether Ceg Rydberg state
fluoresce or not. But, it was strongly suggested3 that there
is a fast dissociation channel from Cg Rydberg system.

An interesting feature of this band is the structure
observed 175-182 nm, composed of several dips. The location of
the first member of these dips in 173-178 nm coincides with
those of the strong Ceg Rydberg absorption system. From the
appearance of these dips in the fluorescence band associated
with the D(0) ion-pair state, it is concluded that this ion-



pair state is strongly mixed with sparse vibrational levels of
non-fluorescent Cg Rydberg state. Another strong fluorescence
dip is observed at 182nm. Although no assignment is attempted
here for the state which is responsible for this dip, it would
appear that the D(OG) ion-pair state is strongly perturbed in
this region and is probably predissociated.

Intense fluorescence is again observed for shorter wave-
length than 151 nm. From the dispersed fluorescence spectra3
it is found that the excitation to the Cy Rydberg system (150

r

nm) gives rise to the emission from an ion-pair state. This is
another evidence for perturbation between the Rydberg and ion-
pair states. Below 149 nm, predissociation can yield
electronically excited iodine atom. Actually, emission from

both 6s 4P5/2 and 6s 2P3/2 states of atomic iodine have been
observed3.
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Fig. 1. Absorption (lower) and fluorescence excitation (upper)
spectra of I, vapor (11 mtorr).

1. R.S. Mulliken, J.Chem.Phys., 55, 288 (1971)

2. P. Venkateswarlu, Can. J.Phys., 48 1055 (1970)

3. Emission spectra of I, excited in Rydberg region, next paper.



EMISSION SPECTRA OF I, EXCITED IN RYDBERG REGION
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From the fluorescence excitation spectrum of I, vapor
(105-210 nm) obtained by monitoring longer wavelengths than ca.
180 nm, it was suggested that some emitting states other than
optically prepared state are formed following the excitation to
the Rydberg systems higher than the C; Rydberg system. In an
attempt to identify such emitting states, emission spectra of
I, vapor have been measured in the region above 180 nm.

The emission spectrum excited at the peak position (150 nm)
of the Cy Rydberg absorption system is shown in figure 1(a).

The strongest emission band is observed at 183 nm. Following

this band at longer wavelength region weak continuous emission

band system with maxima at 216, 236, T T
2r a) 150nm

and 270 nm is observed. Further weak e

bands are also observed at 304, 323, X10

and 340 nm. In the emission spectrum

—
T

excited at 137 nm, where several
Rydberg absorption systems are
overlapped, is shown in figure 1(b).

Two strong emission bands at 183 and

o

206 nm, and very weak bands at 323 b)
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and 340 nm are observed. The general
feature of the emission spectra
excited in the Rydberg systems higher
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than the C, Rydberg system is the
same as that excited at 137 nm.

In these emission bands, two emission X10
bands at 323 and 340 nm appear more ”Wwww&“dxx

prominently under higher pressure zdg

300
conditions. These two emission bands WAVELENGTH / nm

can be assigned as the D — X (323nm)l Figure. 1. Emission
and D' — A' (340nm)2 ion-pair spectra of I,



emission bands in which the emitting states are formed by
collisions.

On the other hand, five emission bands located at shorter
wavelength than 310 nm are not affected by the sample gas
pressure. Two of these primary emission bands, 183 and 206 nm,
can be assigned as the 6s 4P5/2 - 5p5 2P3/2 and 6s 2P3/2 —>
5p5 2P1/2 transitions of iodine atom, respectively. From the
excitation spectra monitored at both 183 and 206 nm emission,
the onset for the formation of 6s 4P5/2 and that of 6s 2P3/2
states were found to lie at 150 + 0.5 nm and 146 + 1 nm,
respectively.

The 270 nm band was observed in the emission spectrum
under high pressure conditions, and assigned as the emission
from the F ion-pair state3
state of I,. It should be noted that the 270 nm band observed
here, following the excitation to the Cy Rydberg system, is not

formed by collisions to the ground

the collision induced emission band. And it has been suggested
from the absorption spectrum that the C; Rydberg system is
quite strongly perturbed4. From these observations, it is
concluded that the C; Rydberg system is strongly mixed with the
F ion-pair state and thus the excitation to the C; Rydberg
state results in the emission from F ion-pair state.

So far the emitting states produced following the
excitation to the Rydberg states under low pressure condition
are identified as two excited states of iodine atom (6s P5/2
and 6s 2P3/2) and the F jion-pair state. When Xe is added as a
buffer gas, emission from xe1r” excimer become dominant
irrespective of excitation wavelengths shorter than 192 nm,
except for the Cg Rydberg state which does not fluoresce even
under low I, pressure without Xe. From these results, it is
strongly suggested that a very fast dissociation to the ground
state atoms takes place from the Cg Rydberg state.

1. R.S. Mulliken, J.Chem.Phys., 55, 288 (1971).

2. K.P. Lawley, M.A. MacDonald, R.J. Donovan and Agust Kvaran,
Chem.Phys.Lett., 92, 322 (1982).

3. H.Hemmati and G.J. Collins, Chem.Phys.Lett., 75, 488 (1980)

4. R.J. Donovan, B.V.0'grady, K.Shobatake and A.Hiraya,
Chem.Phys.Lett., 122, 612 (1985).



CClp (KIBl) RADICAL FORMATION IN THE VUV PHOTOLYSES OF CCly AND CBrCls
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Gas-phase CCl: radical has been generated in various ways. Laser indu-
ced fluorescence(LIF) bands have been detected in the 500-560 nm range1 and
band structures have been partially resolved.? The LIF method also has
shown that the radiative lifetime of the electronically excited KIB1 state
is 3.81 * 0.30 psec.? In the present work CCl,(A'B;) radical is formed by
the direct photodecomposition of CCly and CBrCls; molecules using Lyman—-0. or
Ar I resonance lines. The absorption and fluorescence excitation spectra of
CCly and CBrCls are measured on a fluorescence apparatus at the BL-2A stati-
on of UVSOR.

Fig. 1 shows the emission observed when CCly was photolyzed by a

H Lyman-o. lamp. Quite similar spectrum devoid of structure was found in the

case of CBrCl; photoexcitation. The time dependence of the flucrescence

decay was found to be expressed by a superposition of two lifetime components
of 1.9 and 3.2 usec at the extrapolated zero pressure by using a pulser which
emits about 10 nsec(FWHM) light of 121.6 nm.

The observed emission was assigned as the CClz(KlBl = ilAl) transition
based on the following observations:

(1) Absorption bands of CCl.
(A + X) transition appear
in the 440-560 nm range,"
which overlaps with the
present emission wave-
length region.

(2) The spectral feature in
Fig. 1 resembles well to
the chemiluminescence
spectrum(diffuse band in
the 400-800 nm range) ob-
served in a Ba + CCly re-
action,” in which the
emitter has been assigned
as CCla(A'B1) radical. WAVELENGTH (nm)

(3) The long lifetime compo-
nent of 3.2 HUsec is close Fig. 1. Dispersed fluorescence.
to the value of 3.8 usec
in Ref. 3.

CCl, + 121.6 nm
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Absorption and fluorescence excitation spectra of CClsy and CBrCls are
shown in Figs. 2 and 3, respectively. Although quite weak fluorescence can
be observed at the beginning of the first excited states of CCly and CBrCla,
sharp increases of emission intensities at around 143 nm(8.7 eV) in Figs. 2
and 3 indicate the following decomposition processes:

k4

CCly + AV -+ CCla (A'B1) + 2C1 AH = 8.9 eV

1

CBrCls + Av - CCla (A'B1) + Br + C1 AH = 8.3 eV

where AH values were calculated by the observation that the emissions are
found at A > 405 nm.



Assignments of the
absorption peaks of CCly
have been given by Causley
and Russell.® However,
we have found no previous
study on the quantitative
absorption spectrum of
CBrCls in the VUV range.
The valence configuration
of CBrCls is (3a;)?(4e)"
(laz)?(5e)*.7 We tenta-
tively assign the Rydberg

bands in Fig. 3 as

follows:
nm Transition
185.0 S5e + g%
15745 S5e + ns(3/2)
152.0 S5e + ns(1/2)
145.5 4e -+ ns
136.7 5e + np(3/2)
134.7 las =+ np
133.0 S5e + np(1/2)
130.0 be + np
115.5 3a; = np
113.5 (5e)" ! (3/2)
111.0 (5e) T {142)
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ABSORPTION AND FLUORESCENCE SPECTRA OF CH3SCN AND RELATED MOLECULES
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Vacuum UV photolysis of CH3SCN and CH3NCS produces fluorescence attri-
buted to SCN(A, B) radicals[l]. The emission spectra of the CH3S radicals is
obtained in the photolysis of (CH3)2S[2]. In this study, the photoabsorption
3NCO, and (CH3)ZS were

measured in the 105-210 nm region and the emission spectra from the excited

and fluorescence cross sections of CHBSCN, CHBNCS, CH

fragments were observed in the 300-500 nm region.

Synchrotron radiation dispersed by a 1 m Seya-Namioka monochromator was
used as the light source. The dispersed photon flux entered the gas cell
(10.9 cm long) through LiF window. The photon flux was measured by using a
combination of sodium salicylate coated LiF window and a photomultiplier.
The total fluorescence in the 160-650 nm region was observed at right angle
to the primary photon beam. The emission from the excited photofragments
dispersed by a Nikon P250 monochromator was observed in the 300-500 nm
region. The sample vapor was continuously introduced into the gas cell and
slowly pumped by a rotary pump. All chemicals were degassed at 77 K.

In the absorption of CH3NCS, several valence-type transitions are very
intense, while no Rydberg progression is observed. On the other hand, for
CHBSCN, CH3NCO, and (CHB) S, a number of absorptlon were found to fit Ryd-
berg progressions of the form, v -IP-R/(n—G) , where IP and R are the ioni-
zation potential and the Rydberg constant, respectively. In all three
spectra, the initial member of each series is assigned an n of 4, which
restricts & (the quantum defect) to 1-2. Three Rydberg series constructed
for each molecule are, according to convention, the s, p, and d Rydberg
series, respectively., The values of § and IP are listed in Table 1. The
values for (CHB)ZS are in good agreement with those in the literature[3].
The absorption and fluorescence cross sections(c.s.) of CH3SCN are shown in
Fig. 1 with three Rydberg progressions indicated. The fluorescence c.s.
shows structure corresponding to the absorption c.s.

The emission spectra observed from excitation of CH,SCN at 152,641 and
125.641 nm are shown in Fig. 2. The emission spectrum obtained at 152,6 nm
is assigned to the SCN(A-X) and SCN(B-X) bands, while that obtained at 125.6
nm is mainly attributed to the CN(B-X) band. The photodissociation pro-



cesses that produce these excited photofragments are
CHB( > CH,y(x? 8" + SCNCA H/Bzz"), AH=6.39/6.49 eV, (1)
- CH3S(X E) -+ CN(B 5t ) AH=7.45 eV, (2)
where the AH values represent the enthalpy of dissociation. The threshold
wavelength for Reaction 2 is 166 nm. The CN(B) species seems to have a
little contribution to the fluorescence produced at 152.6 nm.

The emission spectrum observed from excitation of CH3NCS at 153.5+1 nm
is identical with that from CHBSCN at 152.6 nm excitation and is assigned to
the NCS band. The emission spectra observed from CHBNCO (Aexc=l3ai} nm) and
(CH3)25 (Aexc=15211 nm) are assigned to the NCO(A-X) and CHBS(A-X) bands,
respectively.

Table I 1IP and § of CHSSCN,

E e . —, CHSNCO, and (CHB)ZS .

uﬂtt_rr___”d) fuy ISR Molecule series 8 IP/cm
T =i CH3SCN s (n=4-10) 1.92 80727

p (n=4-11) 1,58 81071

d (n=4-11) 1.20 80995

CH3NCO s (n=4-11) 1.98 86050
p (n=4-11) 1,58 86030

d (n=4-10) 1.23 86217

(CH3)ZS s (n=4-12) 2.00 70006

Fig. 1. The absorption and total fluo- p (n=4-11) 1.60 70236
d (n=4-11) 1.19 70073
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Fig. 2. Emission spectra produced from CHasCN at 152,6 nm and 125.6 nm
excitation
References: [1] P.D'amario et al., JCS Faraday Trans.I, 68(1972)940,
[2] K.Ohbayashi et al., Chem. Phys. Lett., 52(1977)47. [3] J.D.Scott et al.,
J. Chem. Phys., 59(1973)6577; R. McDiarmid, J. Chem. Phys., 61(1974)274,
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DIRECT VUV ABSORPTION MEASUREMENTS OF SUPERSONIC
COOLED MOLECULES AND MOLECULAR CLUSTERS
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Investigations of excited state structure and dynamics of
molecules are often hindered by limited spectroscopic
information available concerning their higher electronic
states. Thermal inhomogeneocus broadening effects, including
sequence band congestion and the overlap of vibronic band
rotational envelope, combined with rapid photechemical and
photophysical relaxation channels, frequently result in diffuse
gas phase absorption spectra displacing little or no
vibrational structure.

The technique of supersonic cooling provides a means of
producing rotationally and vibrationally cold molecules in the
gas phase. Furthermore, recent experimental results have
definitely shown that this method is quite useful for producing
a large amount of molecular clusters under a collision-free
condition.

In this project we have constructed an experimental setup
for direct VUV absorption measurements of jet-cooled molecules
and molecular clusters. A synchrotron radiation at UVSOR is
used as an VUV light source by a 1-m seya monochromator (see
also the description on the BL2B2 in the previous section). A
gascous sample is expanded through a pulsed supersonic nozzle
rand then introduced through a skimmer into a photon-melecule
interaction region. The SR light is crossed with the
supersonic beam, and then detected by a photomultiplier
operated at the pulsed freguency. Absorption measurements are
performed by operating two pulse counters in our microcomputer
system. One of the counters is synchronized with an open
phase of the pulsed nozzle, and the other one with closed
phase. Such a situation is shown in Figure 1 as a timing
chart of the counters. The light intensities of I and Iy are
measured by counters A and B, respectively.

A preliminary experimental result obtained by the present



system is shown in Figure 2. A transmission curve shown in

this figure is attributed to the Rydberg series converging to

the third ionic state of N5.
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Figure 1 A timing chart of counters & and B as well as a

pulsed nozzle.
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Light intensity
curves and a
transmission curve
of No molecule:
Curves 1 and 2
indicate light
intensity changes
as a function of
SR wavelength,
where the curve 1
(IO) is obtained
by a counter B,
and the curve 2
(I) by a counter
B. Curve 3 means
an intensity
change of an
electron beam
current. Curve 4
indicates a
transmission curve
obtained by
dividing the curve
2 by the curve 1.



PHOTOIONIZATION OF METHANOL CLUSTERS
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The ion molecule reactions of CD3OH are known to

produce ions of (CDBOH)H+ and (CDBOH)D+:

+ +
CD,OH" + CD,OH =~ (CD;OH)H  + CD30 (la)

- (CD3OH)D+ + CD,OH (1b)

In the present study, Reactions (la) and (lb) were studied by
photoionization of neutral CD3OH dimer. Fig.lb represents

the mass spectrum of CD,OH clusters photoionized by an Ar

3
resonance lamp (11.83 and 11.62 eV). Signals at m/e=35 and 36

from (CDBOH)H+ and (CD30H)D+, respectively, were observed.
Fig.2 summarizes the results of a reduced intensity,

(cD,0H) _,D*/(cDjom) . H', distributions relative to the
cluster size n. In the case of the dimer, the ratio of (la)/
(1b) is 1.2. A question of interest is that the (CD3OH)D+ is

produced from a familiar hydrogen bonded dimer of CD,OH (A)

3
or another type of dimer (B).

/CDB /H
CD .=0-- - -H=0 A CD,—0---.D—C-0 B
3P &) iy / W
H H D2

In order to get an answer, the appearance potentials of

(CDBOH)H+ and (CD3OH)D+ were measured by using synchrotron
orbital radiation. Results are shown in Figs 3 and 4. No
significant difference was observed in the photoionization

efficiency curves for the (CD OH)H+ and (CD30H)D+ ions. The

3
results suggest that the precursory dimer of the (CD3OH)D+
ion is the same as that of the (CD3OH)H+, probably type A.
The deuterium migration may occur in the dimer (A) after

ionization.
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THRESHOLD ELECTRON SPECTRUM AND PHOTOIONIZATION EFFICIENCY CURVE OF CH3C1

Shinzo SUZUKI and Inosuke KOYANO
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Using the TEPSICO-I apparatus described elsewhere,1’2 we have inves-
tigated the threshold electron spectrum (TES) and photoionization efficien-
cy curve (PIEC) of CH3C1 over the wavelength range from 40 to 120 nm. .The
ultimate goal here is the state- or internal energy - selected studies of
unimolecular and bimolecular processes of molecular jons, utilizing a co-
incidence measurements of various ions with threshold electrons.

Figure 1 shows the threshold electron spectrum of CH3C1 taken with
the incident photon resolution of about 0.02nm. Four major bands are
clearly seen; the complex first band which is assigned to the 2E ground
state of the ion, the broad structureless second and third bands which re-
spectively correspond to the removal of a o and . electron, and the weak
fourth band which has not been observed in the He I photoelectron spectra
because of its energy. Compared with the Hel spectra,3 the second and
third bands are seen to be relatively much stronger in the TES.

Ions observed in the wavelength range studied are parent ion CH301+
and two fragment ions CH3+ azd CH201+. In Fig. 2 we present an ionization
efficiency curve for the CH3 fragment. The weak broad peak above 900 nm
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Fig. 1 Threshold electron spectrum of CH3C1



CHLCI—CHy

o

O

N
T

)/ I(photon)

+

3
[a=]
o
-_—

I(CH

400 600 800 1000 1200
WAVELENGTH (nm)

Fig. 2 Photoionization efficiency curve for CH3+ from CH3C1

corresponds to the ion-pair process CH3C1 + hv ~ CH3+ + C17, whose cross
section decreases monotonically toward the first ionization onset of the
molecule. No rise in the CH3+ efficiency is seen at the ionization onset
nor at any wavelength in the range corresponding to the formation of the
ground state ions, indicating that ions in this state are nondissociative,
The second huge peak in the PIEC starts to rise at about 90 nm , the wave-
length that exactly coincides with the onset of the second band in the TES,
and keeps rising throughout the region of the second and third TES bands,
until it reaches a maximum at 65- 70 nm where no threshold electrons are
observed. A1l these facts indicate that CH3+ is produced through excita-
tion to the second and/or third electronic state(s) of the parent ion and
that this excitation is most efficiently accomplished by photons of some-
what shorter wavelengths than the thresholds. It is not certain, on the
other hand, whether the fourth state is dissociated to give CH3+ or not.
The coincidence experiments with these threshold electrons would shed
Tight to these problems.
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INVESTIGATION OF DEEP VALENCE AND CORE LEVEL EXCITATION IN
VOLATILE COMPOUNDS WITH GROUP IV ELEMENTS USING UVSOR
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Shallow valence level excitation and the subsequent
fragmentation of many molecules have been studied extensively
using several kinds of light sources in recent years.
However, the processes following deep valence and core level
excitation have not been investigated in detail so far,
because, for the purposes of such investigations, the
conventional light sources are insufficient in both photon
energy and intensity. The synchrotron radiation is expected
to provide a powerful means to obtain information about the
deep level excitation. Volatile compounds with group IV
elements are particularly suitable for detailed
investigations of the above-mentioned processes in the vapor
phase, because the rather small binding energies of the d
core levels allow the studies in the normal incidence region.
Accordingly, we have initiated the studies of the deep
valence and core level excitation and the subsequent
fragmentation in such compounds, using UVSOR. Here, we
report preliminary observations of threshold electron spectra
of Sn(CH
65 nm.

The experiments were performed using the TEPSICO-II

) and GeCl, in the wavelength range between 30 and
374 4

apparatus at BL3B, which has a 3m normal incidence
monochromator. The threshold electron spectra were obtained
by dividing the threshold electron intensity by that of the
exciting light. Experimental results are shown in Fig. 1.

In Fig. 1 the solid line represents the threshold
electron spectrum of Sn(CH3)4, which was taken with the slit
width of 0.2 mm. The bands located at 40.0 and 42.4 nm (31.0
and 29.2 eV, respectively) are assigned to the 4d3/2 and
4d5/2 core levels, respectively. The 4d core binding energy

obtained is in good agreement with that estimated by X-ray



photoelectron spectroscopy (30.4 eV).1 The band at 58.7 nm
(21.1 eV) is considered to be related to the a, and/or t2
molecular orbital(s).

In Fig. 1 the dotted line represents the threshold
electron spectrum of GeCI4, which was taken with the slit
width of 0.3 mm. The band lccated at 33.9 nm (36.6 eV) is
tentatively assigned to the 3d5/2 core level. Since the
photon intensity of the monochromatized light is weak in the
wavelength range below 35 nm, we cannot determine the 3d core
binding energy unambiguously. The bands at 51.9 and 59.8 nm
(23.9 and 20.7 eV, respectively) are considered to be related
to the a, and t, molecular orbital(s), respectively.

Further investigations, including the threshold electron

- fragment ion coincidence measurement, are in progress.

Sn(CH3)4

RELATIVE INTENSITY

30 40 50 60
WAVELENGTH/ nm

Fig. 1 Threshold electron spectra of Sn(CH3}4 and GeCl,
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Polarized Reflection Spectra of Orthorhombic Indium Bromide
in 2 - 100 eV Region
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Reflection spectra of orthorhombic indium bromide crystal
(InBr: space group D;;) have been investigated at LHeT by using
synchrotron radiation and its polarization characteristics in the
energy region between 2 and 100 eV. Single crystal of InBr was
grown by Bridgman method which was cleaved into thin slabs with
ac-surface. Two platelets of InBr were mounted on the sample
holder of cryostat to get polarized reflection spectra. Light
from 600 MeV storage ring was monochromatized with the plane
grating monochromator (PGM) at BL6A2. Energy range 2 - 100 eV
can be covered with five spectral ranges with the combination of
two gratings and five mirrors. Vacuum in the sample chamber was
kept less than 10_9 Torr. Incident and reflected light was
detected with a photomultiplier coated with sodium salicylate,
which is rotatable around the specimen.

Figure 1(a) shows the spectra for polarization parallel to the
c-axis (E//c) and (b) for the a-axis (E//a). They are highly
dichroic reflecting the anisotropy of the crystal.

In the low energy region (2 - 4 eV), both spectra are consis-

1) The first exciton peak at 2.33

tent with the previous results.
eV is due to the transition from the top valence band, which
consists mainly of In 58 orbital, to In 5p conduction band
bottom. This transition is allowed for E//c.

Structure between 3 and 15 eV is classified into 2 groups: One
from Br 4p valence band, lying in the lower energy region, and
the other from In 58 valence band. Identification of each fine

structure rests much upon the development of the band structure



calculation involving the spin-orbit interaction. Above 10 eV
intensity begins to diminish.

At about 20 eV sharp doublet structure with the separation of
0.8 eV are observed in both spectra. These are identified as In

2)

4d core exciton (In N, and NIV)' These are also dichroic and

composed of 5 componezts altogether. Possible transitions infer-
red from the atomic picture of In+ in the C2v environment cannot
explain the dichroic nature clearly. It is necessary to get more
detailed information of the covalent character of the In in the
TlI crystal structure. At about 75 eV a broad structure is

observed resulting possibly from core levels of both In and Br.
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Fig. 1. Reflection spectra of InBr at liquid helium temperature.

(a) for E//c and (b) for E//a.
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Reflection and Luminescence Excitation Spectra
of Cadmium Halide Crystals
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Reflection and luminescence excitation spectra in cadmium bromide and
iodide crystals were measured at 5 K and 78 K using synchrotron radiation
from SOR-RING of IMS as a light source for the energy range up to 100 eV.
The SR was monochromatized with a plane grating monochromator and was inci-
dent on the crystal nearly along the crystal c-axis.

Two groups of well resolved structures are observed at 5 K in the reflec-
tion spectra below 10 eV as shown in Fig. 1. These structures are almost
the same as those previously reported by Kondo et al.(l) and by Lemonnier et
al.(2). They are interpreted as due to the excitonic transitions associated
with those from the upper valence band of halogen p-like character to the
lowest conduction band of cadmium s-like character. Structures in the low
and the high energy groups are connected to the excitonic transitions at the

I point and at the Z (CdBrp) or A (CdIp) point in the BZ, respectively.

In the higher energy region from 10 to 15 eV appear several less pro-
nounced structures, the origins of which are not clear at present. The
excitonic and the band-to-band transitions from the halogen s-like states to
the higher p-like conduction states may be related to these structures.

Doublet structures are observed clearly at 15.67 and 16.35 eV in CdBrp
and at 15.13 and 15.83 eV in CdIp as shown in Fig. 2. These structures are
connected to the Cd2+ NIV,V core excitonic transitions, that is, the optical
excitation from the Cd2+ 4ds/» and 4dg/p states to the upper conduction
states of cadmium 5p-like character. The splitting energies of the doublets
are 0.68 eV in CdBrp and 0.70 eV in CdIp and are considered to correspond to
the Niy, v splitting energy of the cadmium atom, ~1.0 eV. The chemical shift
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Fig.2 Nearly normal inci-
dence optical re-
flectivity spectrum of the
cleaved surface of CdBro
single crystals measured at
5 K in the energy region
from 10 to 22 eV. The
doublet structure indicated
by the label N is con-
sidered to be due to the
cadmium d-core excitons.
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of the structures between bromide and iodide are likely to be due to the
mixing of the halogen p-orbitals to the upper conduction states. Several
substructures are also discernible on and around the doublets. They are
attributed to the crystal field splitting arising from the axial symmetry
of the cadmium halide crystals. Dichroic measurements will reveal more
detailed structures of the core excitons.

It was not possible in the present experiments to resolve reliable
structures due to the halogen inner core excitonic transitions which are
expected to appear in the energy region from 30 to 100 eV.

Luminescence excitation spectra were measured at 5 K in the direction
perpendicular to the crystal c-axis. At this temperature, it is well known
that the only one emission band appears in the near ultraviolet region;
at 3.30 eV in CdBrpo and at 3.36 eV in CdI,. In the excitation spectra
below 20 eV are observed sharp dips corresponding to the peaks in the
reflection spectra. Relative intensity of luminescence is enhanced with
increase of the excitation energy in the region from 10 to 20 eV. The
first stage of the increase begins at about 9.8 eV which corresponds to the
double energy of the lowest excitons. The onset of the second stage is
observed as a rapid increase in the intensity at around 13 eV which is
over double the energy of the band-to-band gap. The abrupt increase of the
luminescence intensity suggests the existence of multiple exciton produc-
tion processes (3). More quantitative experiments on luminescence yield
are nescessary to make further discussions on these processes.

In the higher energy regions up to 100 eV, no clear structures are ob-
served and the luminescence intensity is almost independent of the exci-
tation energy. Irradiation in these regions produces a new emission band
at 1.5 eV in the CdI» crystal, which may be connected to the defect pro-
duction caused by the high energy light irradiation.
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RARE-EARTH N4 5 ABSORPTION SPECTRA OF SOME RARE-EARTH COMPOUNDS
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The electronic property of rare-earth compounds and alloys containing a
partially filled 4f shell has been a subject of theoretical and experimental
studies because the rare-earth ions in some of these substances are in a
homogeneous mixed-valence state. Among these substances SmB6 is known to be
a typical example, and the investigation of mixed-valence system of this
substance has been performed by many experimental methods such as x-ray
photoelectron spectroscopy (XPS)l) and Sm L absorption spectroscopy.z)

In the N&’5 absorption spectra of rare earths sharp structures appear
near the threshold. These structures are interpreted as originating from the
electronic transition of the 4d electron to the localized unoccupied 4&4f

level. Because of a strong exchange interaction between the 4fn+1 electrons

and the 4d hole, the resultant multiplet levels of the 4d94fn+1 configuration
spread over several tens of electron volts. The purpose of the present study

is to investigate whether the Sm N absorption spectrum of a mixed-valence

4,5
compound SmB6 represents the multiplet structures originating from the Sm2+
and Sm3+ ions or not. Also, the N4 5 absorption spectra of rare-earth

compounds, LaB6, LaC13, CeCl3, SmC13, EuClB, and GdClB, were measured for
references.

A grazing incidence vacuum spectrometer equipped with a concave grating
with the radius of 2 m and the grooves of 1200/mm was used for the
measurement. The synchrotron radiation from the storage ring at the
Institute for Molecular Science was used as a light source.

Fine structures of the Sm N4,5 absorption spectrum of a mixed-valence

compound SmB6 are shown in the figure together with those of SmCl3 which is



believed to be a trivalent substance. The constant-initial-state(CIS) spectra
measured by Allen et a1.3) with the initial states at the 4f6(Sm2+) and
4f5(8m3+) peaks in the valence band of SmB6 are also shown by dotted lines.
These CIS spectra are believed to represent the 4d photoabsorption structures
of the Sm2+ and Srn3+ ions. The arrows show the 4d ionization thresholds of
the Sm2+ and Sm3+ ions determined by XPS data. As seen from this figure the

gross features of the Sm N absorption spectra of SmB6 and SmCl3 and the

b5
CIS spectrum for the Srn3+ ion are quite similar one another. This fact
suggests that the absorption spectrum of SmB6 is dominantly attributed to the
4d excitation of the Sm3+ ion.
2+ . Lo g
In the case of Om ion the 4d”"4f" final state caused by the 4d
photoabsorption is clearly above the 4d threshold of the Sm2+ ion as seen
2+
i

on. There- CIS(SmBg) /
(Allen et al.1980)

fore, since the final state of the absorption e
L8

from the CIS spectrum for the Sm

solif /

process 1in the Sm2+ ion might involve the

9

4d 4fn+(unbound electron in the continuum)

9, .n+l

state, the structure due to the 4d74f

excited state dis buried in the broad background

and this prevents the spectrum from appearing as

. SmCl3
distinct peaks. While, the CIS spectrum

OPTICAL DENSITY

provides the structure only due to the decay, U TR T TS ST S

120 130
4d94fn+l—> AdIOAfH_l + (ejected electron), among PHOTON ENERGY(eV)
Fig. Fine structures of the

the various final states caused by the photo- Sm N4 5 absorption spectra of

SmBg and SmCly and the CIS

absorption, and thus the structure due to the spectra of SmBg. Arrows show

2 the 4d ionization_thresholds
Sm~" ion is clearly seen in the CIS spectrum. of the Sm2% and Sm3% ions.
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Time-Resolved Fluorescence Spectroscopy cf Molecular Exciton
in Anthracene Single Crystals

Tadacki MITANI, Takaya YAMANAKA and Iwao YAMAZAKI
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Synchrotrcn radiation from
stcrage ring has a numker cf e i
advantages as a light scurce for e -——"ﬁQCT’
time-resclved fluorescence and l
excitation spectrcsccpies. A
bigh repetiticn rate cf the pulsed
time structure enakles us to

measure a precise subnanoseccnd Seya-tlamicka
4

time decay kv using a time- Momgehram,
ccrrelated single-photon countirg

system. By using an improvedl 1 Nmmdv%ﬁ—{@gﬁr]
Seya-Narioka type monochromator Sampts]

see the BIL-7B repcrt we have

( £ ) zPreump.

constructed a computer-aided

spectrcphctometer available for

time-dependent fluorescence and Igmqm+—ﬂ TAC Pﬁ%mmﬂm|
excitaticn measurements in an

energy region of 2-40 eV. The
blcck diagram of this apparatus Uﬂf{%iﬂj E%%?d
is shown in Fig. 1. The

application of this system tc [ 70 _J
the spectral analysis of II
fluorescence in anthracene single - P —
crystals have been successfully kYPmﬁﬂk:&m““mm”ﬂﬁjﬂm“Dﬁa
made.

The time decay cf the
fluorescence cf the singlet Fig. 1

exciton in anthracene single

crystals exhibits a characteristic dependence cn wavelength of
the excited light pulse as shown in Fig. 2. For an excitation at
a relatively long wavelength, the time decay follcws a single-
exponential function in more than 2 crders. The life time of tre
SLnglet exciten is definitly determined tc be 8.6 nsec at 77 K,
which is agreement with the previcus data. Whereas, by scannlng
excitation phkctons to much shorter wavelength, the time decay is
remarkakbly charged and its profile can nct be expressed by a
single-expcnential curve. In addition, the rise time of the
emicsicn becomes much faster than thestime resolution of

the instruments ( < 100 psec). Such a characteristic feature cf
the tire decay is clearly reflected in the time-resolved
fluorescence scectra in a short time-domain cof a few nanosecond
as presented in Fig. 3. The spectra cf the prompt emission
observed-within about 300 psec have a simple structure having a
tail in a lower erergy side. As time gcing on, the spectrurm

has more clearly vibrational structures. Then the pectra after
about 100 psec are almost independent opn time and closely
resemble the stationary fluorescence. Thus, the radiative
process of the prompt emission is considered tc ke essentially



different from thcse of the delayed fluorescence in a thermally
equilikrium. This implies the presence of arn additional
radiative-decay channel fcr the higher energy excitaticns above
the threshcld energy of about twice of the excitcn erergy.
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Fig. 3 The time-resclved
fluorescence spectra of
anthracene crystal at 77 K.

Fig. 2 The time decays cf the
flucrescence of anthracene
crystals at 77 K as a function
of excitation wavelength.
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MEASUREMENT OF THE FLUORESCENCE DECAY CURVE
USING UVSOR LIGHT PULSE
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One of the target of interest in photochemical primary
processes in condensed phase is to know the dynamical behavior
and the relaxation pathways of highly excited molecules in
solution which is also studied in the field of radiation
chemistry as well as multiphoton laser chemistry.

For the developments of the time resolved detection
system using synchrotron radiation in the UV and VUV region,
the fluorescence lifetime of the standard compounds were
measured by using a time correlated single photon counting
electronics coupled with a micro-channel-plate photomultiplier
as a detector. Measurements were carried out under the condition
of multi-bunch operation of storage ring. An example of the
decay curve 1is illustrated in Figure 1. The time resolution
obtained using this system is about 100 ps and has been limited

by the walk of timing.

1000

Figure 1. Decay curve of

Rhodamine B in aqueous solution.

The obtained lifetime was

1.56 ns without deconvolution.

Log(counts)

S unod

Time 2.U45ns/div.



As an application of time resolved spectroscopy to the
study of the photoinduced intramolecular electron transfer
process in fixed donor-acceptor system, the temperature
dependence of the fluorescence decay curve of 4- (N,N-dimethyl
aminophenyl) (CHp) 5 (9-anthryl) ( A, ) in cellulose acetate film
has been measured (Figure 2). The results are compared with
those obtained by using a streak camera under excitation with

picosecond laser pulse.
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o € Figure 2. Non-exponential
e ~
9 w decay curve of the fluorescence
- .
= of anthracene part of Ay in

cellulose acetate film at
300K.
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MEASUREMENTS OF TIME BEHAVIOR OF TRYPTOPHYL
FLUORESCENCE BY TIME-CORRELATED SINGLE-PHOTON COUNTING
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The combination of highly sensitive single-photon counting
and synchrotron radiation pulses having short duration, stable
intensity and high repetition rate is considered to be very
suitable for the UV spectroscopy with high time resolution and
high precision. In order to confirm this, we performed measure-
ments of the decay characteristics of tryptophyl fluorescence
by combining UVSOR with our time-correlated single-photon count-
ing system. It is known to be possible with this system to
determine a fluorescence decay time as short as several pico-
seconds by using a CW mode-locked laser as the exciting source.

First, the time profile of the synchrotron radiation pulse
was determined. The pulse duration was found to be about 400
ps, which is much narrower than that reported for the Stanford
positron-electron accelerator ring of 650 ps. Next, we meas-
ured the time behavior of tryptophyl fluorescence around 340 nm
in N acetyl-L-tryptophanamide and the constant (CL) fragments
of the immunoglobulin light chain. It was found that the fluo-
rescence intensity shows a single exponential decay in the
former, while it has two decay components: in the type A frag-
ment (Figs.l and 2). The fluorescence time behavior did not
change appreciably in both materials, when the excitation wave-
length was varied between 220 and 300 nm. The time character-
istics of fluorescence depolarization was also obtained suc-
cessfully.

The constant fragment of immunoglobulin is an interesting
material, because it shows no great conformational change on
reduction of the only intrachain disulfide bond, which is buri-
ed in the interior hydrophobic reégion. As shown in Fig.3, the
fluorescence decay time was found to be lengthened by the reduc-
tion of the type A fragment. This fragment contains two trypteo-
phan residues: one locating close to the disulfide bond, and
the other near or on the surface of the protein molecule. On
the other hand, the intact type k fragment, which has only one



tryptophan residue deep inside the molecule, is almost nonfluo-
rescent. When the disulfide bond is reduced, it fluoresces,
and its time behavior was found to be very similar to that of
the reduced type X fragment (Fig.4). These results are well
explained by the removal of the fluorescence quenéhing effect
of the energy-accepting intrachain disulfide bond.

Although the detailed analysis has not been made yet, the
comparison of the time characteristics of the fluorescence
anisotropy between the intact and reduced fragments will give
valuable information on the internal rotational motions within
these macromolecules. Besides the knowledge on the time be-
havior of tryptophyl fluorescence in proteins, the present ex-
periment demonstrated various advatages of the fluorescence
spectroscopy by the combination of UVSOR and the time-correlat-
ed single-photon counting technigque, such as the high sensitiv-
ity, high time resolution, high precision, promptness of the

measurement, and tunability of the exciting wavelength.
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Time behavior of tryptophyl fluorescence of (1) N acetyl-L-
tryptophanamide, (2) intact type A CL fragment, (3) reduced
type A fragment, and (4) reduced type x fragment.



PHOTON STIMULATED DESORPTION OF POSITIVE IONS FROM LIF
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Resently several observations of photon stimulated desorp-

1-3). In

tion (PSD) from alkali halides have been carried out
this paper, we report on the measurements of positive ion
yields from LiF as a function of the incident photon energy
(the ion yield spectrum), and discuss the mechanism of PSD from
LiF.

The experiments were carried out on BL8B2 of UVSOR. LiF
(100) surface was cleaved in the air, and the specimen was
mounted in a UHV chamber. The sample was heated to about 150 °C
to avoid electronic charging during the measurements. The
relative photon intensity was measured by the photoelectron
ejection from Au. The relative ion yield was normalized with
the relative photon intensity.

Figures 1(a) and 1(b) show the relative ion yield spectra
of Li* and F' dons. In Fig. 1(a) there is a rapid rise of ion
yield at about 56 eV, and is a weak peak at 58.4 eV. The ion
yield increases above 59 eV, and is almost constant up to 67
eV. The spectrum of F* jons is similar to that of Li' ions
below 60 eV. However the considerable difference in the yield
spectra is observed above 60 eV. There are a sharp peak at 60.2
eV and a deep valley at 63.5 eV in the E* yield spectrum.

In order to consider the mechanism of PSD from LiF, we
compare the yield spectra with the photoabsorption spectrum4).
The rapid rise at about 56 eV and the structure at 58.4 eV is
also seen in the photoabsorption spectrum. Those structures are
ascribed the core excitation of Li'(1s) state. Then following
two different interatomic transitions are considered;

Lit e L 1 T eptee” (1)



and

Lit +F —mLiT4F0e ™, (2)

where asterisks indicate the core-excited states. The Madelung
constant for the final state of eq. (1) is negative and that of
eq. (2) 1is positive. Therefore the process of eq. (1) is
dominant for PSD of positive ions from LiF. Either Li* or F*
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force between a F'

ion and the first 4 r

nearest Li' ions. -
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energy. Fig. 1. Relative ion yield spectra.

(a): Li*, (b): F*.
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I. Introduction

The advantage of synchrotron radiation as a source for x-ray
lithography for LSI production is now well established.
Synchrotron radiation x-ray lithography (abbreviated here as
gR lithography) is a powerful tool also for fabricating x-ray
optical elements such as transmission gratings and zone plates.
Elements of present interests are:

1) Transmission gratings for diagnostics of plasma of the laser
nuclear fusion, space telescopes and synchrotron radiation
spectroscopy.

2) Zone plates for diagnostics of plasma of the laser nuclear
fusicn, x-ray microscopes, synchrotron radiation spectroscopy
and projection type x-ray lithography.

A pattern with a high aspect ratio (height/width) can be easily
obtained by SR lithography even when the width is in the range of
20-100 nm. This is a very useful advantage from the point of
application of synchrotron radiation to fabricate x-ray optical
elements.

SR lithography is also applicable to fabricate the electronic
devices of the next generation, the physical principles of which
are different of those conventional. Conventionally, x-ray
lithography means the proximity printing which is a way of
pattern fabrication without optical lenses. This is due to the
fact that it was difficult to get the x-ray lenses. 1In the case
of fabricating patterns with 20-100 nm range, the projection type
x-ray lithography with x-ray imaging elements should be
preferable from the point of x-ray lithography as a mass
production of future nanometer electronic devices. For this
purpose, the optical system using layered synthetic materials
(LSM) will be most promising. But, in special cases, zone plates can
be also used. Those experiments are interesting because the
spatial resolution of zone plates (20-50 nm) is better than the
LSM according to the present technology.

From the above points, exposure characteristics of various
x-ray resists such as PMMA (poly(methyl methacrylate)), FBM
(poly(hexafluorobutyl methacrylate)), CMS (chloromethylated
polystyrene) and CPMS (chloromethylated polymethylstylene) were
investigated at the beam line BL-8A., The zone plates for
synchrotron radiation spectroscopy of undulator radiation was
succesfully fabricated by SR lithography and gold plating.

The x-ray mask was fabricated by electron beam lithography and
reactive ion ething or ion beam etching (1,2).



I1) X-ray exposure experiments

The x-ray mask used was the free-standing zone plate with 250
zones, the focal length:200 mm (at the wavelength of 4.5 nm), a
minimum zone width:0.97 um and 3 um thick gold. As a filter,

2 um-thick polyimide (Toray SP171) or 2 um-thick SilNx was used
to cut off the long wavelength components. The energy of
electrons in the ring was 600 MeV or 750 MeV. The energy of 600
MeV was mainly used. At the energy of 600 MeV, in the case of 2
um-thick SiNx, the wavelength range of 0.7-2.0 nm is effective
for exposure and in the case of 2 um-thick polyimide the range
of 0.7-2.7 and 4.5-8 nm is effective.

In the direct exposure of PMMA and CMS without a mask and a
filter, the exposure time was 30 s for PMMA and 1 s for CMS
at the beam current of 60 mA. This corresponds to the
sengitivity of about 3000 mJ/em* and 100 mJ/cm®, respectively.
Those values are close to the wvalues reported.

For PMMA, the exposure time was 1 m for a 2 um-thick polyimide
filter and 8 m for a 2 um-thick SiNx filter.

For FBM, the values were 30 s and 3 s, respectively. Those
values are in reasonable agreement with calculated values
assuming the absorption coefficient of the filter.

Figure 1 shows an example of the fabricated resit pattern of
the above zone plate. From this resist pattern, the gold
zone plate was succesfully fabricated by the gold plating.

Those zone plates are especially useful for the linear
monochromator for spectroscopy by the undulator radiation
where the beam profile is nearly circular. The experiments
of the linear monochromator is now under progress.
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Synchrotron radiation (SR) was successfully applied to
vacuum lithography with using plasma polymerizedd resist and
plasma development, as shown in Fig. 1. Plasma polymerized methyl
methacrylate (PPMMA) and the plasma copolymerized methyl
methacrylate with tetramethyltin (TMT), SF., 1, or styrene were
prepared by using an inductively coupled ggs flgw type reactor.
The polymer structures of these resists were investigasted by
ESCA. ESCA results showed that a small amount of S, F, Sn and 1
were incorporated into the polymer matrix.

The plasma polymerized resists were exposed to SR under the
conditions of 600 MeV and a current of 30 mA directly or through
an X-ray mask made of polyimide menbrane and Ta absorbent in a
vacuum chamber. SR irradiated resists showed the self development
phenomenon. The self developed resists depth by SR exposure
without the mask was measured as a function of exposure duration.
The results are shown in Fig. 2. It was found that the removed
thickness of all resists increased linearly with increasing dose
in the low doses region, while it was saturated completely at the
high doses region. The self development was enhanced
significantly by doping Sn, S and I. In order to confirm the
fine pattern fabrication by this method, duplication of mask
pattern was examined on the PP(MWMA+TMT) resist. The mask pattern
of linres and spaces with 1 um width was replicated faithfully on
the resists.

The hollowed patterns by self developmenbt were served to O
plasma etching in the apparatus with parallel plate electrodes a%
a g9as pressure of 0.5 Pa and a discharged power of 50 W. The
results of plasma etching on PPMMA exposed to SR is shown in Fig.
3. The enhancement of differential thickness was observed on the
film exposed for 10 min that the self development characteristic
altered from increasing to saturating at the duration in Fig. 2.
However, the differential thickness decreased with increasing
etching duration on exposed 30 min, that the self development was
completely saturated at the duration as shown in Fig. 2.

In order to 1investigate the reaction mechanism of above
mentioned self development and plasma developnent
characteristics, IR and ESCA were performed on the same film
before and after SR exposure. Also the gas fragments generated
from the resists during SR exposure were detected by mass
spectroscopy.

From these analyses , it was concluded that PPMMA and its
plasma copolymerized resists undergo the elimination of ester
structure as the primary degrading reaction by SR exposure and at
high doses, the recombination of the dissociated groups have been
proceeding, resulting in resist carbenization involving C=C bond,
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Introduction

Synchrotronradiation light source has very good direction-
ality. Recently, x-ray topography technique develops rapidly
using this character of the synchrotron radiation. It is
interesting to apply this technique to the phase transition
phenomena (reference 1). It is probable that superlattice
reflections are more influenced by the phase transition than the
main Bragg reflections, as they only appear under the transition
temperature. Our aim is the study of the difference between
both refrections.

This experiment is the first step of this aim. At first, we
have to take into consideration that the shortest wavelength is

9A when UVSOR operates at 600MeV and 100mA.
Experimental

Triclinic p-chlorobenzamide was chosen for the sample. The
transition temperature of this sample is about 40°C. Crystal
data are a=15.027, b=5.481, c=14.486, ¥=97.84, 8=111.99, and
¥=95.17 from reference 2. Crystals obtained from an ethanol
solution had a shape elongated along b axis. The typical size
of these samples is about 10x40x3 mm?. It has previously
been ascertained that they are triclinic structures with
photographic methods. The other main aim of this time experi-
ment is the estimation of the practical intensitiy of UVSOR.

We took the diffraction photographs putting white
synchrotron radiation beam on the single crystal with Back Laue
Photographic method. X-ray films were covered with 15um-thick
aluminium foil to be prevented from visible light. The
experiment was done as follow conditions:

synchrotron energy 600MeV

synchrotron current 80mA

exposed time 6.0minutes

observed diffraction from 110°
angles to 172°

slit full open

temperature room temperature

Results and discussions

Superlattice reflections could not be ascertained as these
intensities are not strong. Four Bragg spots were observed on
x-ray films. The figure is the picture of one of them at about
168 diffraction angles. The outlook of defects is reflected in
such a kind of photograph. But this figure is too complicated
to understand it. It is seemed that this shows the behavior




of crystal growth in an ethanol solution. Furtherdiscussions
can not be done to see it of such complicated materials. It

is necessary to do such a kind of experiment to choose and use
more simple crystals. It is more important to use shorter
wavelength x-ray source. In the case that synchrotron operates
at 750 MeV, the shortest wavelength is 5A. When the wiggler
apparatus operates, it is only 2A.
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