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lonization mechanisms of doped supercritical fluids
. studied by Synchrotron Radiation

Kazumichi NAKAGAWA
Physics, Faculty of Education, Kobe University

Supercritical fluid can offer a decided advantage to study an evolution of optical and
electronic properties of gases to those of solids, owing to easiness of changing its density
over a wide range.In this parer,we summersize experimental results of ionization thres-
hold measuements in super-critical fluids doped with low-ionization-potential molecules,

and discuss the ionization mechanisms suggested in an attempt to interpret the results.
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Table 1. Photoionization parameters (unit in eV) of anthracene in non-
polar liquids; |, is calculated by Eq. 1 with [,=7.47eV and R=

0. 325nm (see text).

host Vo{ob) P(cal) I.(cal) 1I.(ob) | Reference

2,2, 4-trimethylpentane —0.24 —1.07 6.16 6. 14 6
2.2, 4, 4-tetramethylpentane —0.368 —1.10 6.01 6. 07 6
tetramethylsilane —0.55 —1.02 5.90 5. 87 6
neopentane —0.40 —0.99 6.08 6.19 21
2, 2-dimethylbutane —0.20 —1.03 6. 24 6. 14 2
supercritical xenon :

(N=8x10%' em™?) -0.60 —0.70 .17 8.15 2
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Fig. 1 Photocurrent spectra of xenon supercritical fluids at 298K doped

with anthracene nor-malized by incident light intensity | near

the threshold at each density.lis the phtocurrent,and the num-

ber near each curve designates the fluid density. Ref. 2.
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Fig. 2 Spectra of CH,l vapor and CH;l/Ar reported
by Kaohler et. al.”” Bottom:Photoionization
spectra of CH,l in Ar:(a)pure CH;l vapor
at p=0.1 mmHg; (b), (¢) the Ar number
density is5.7X10%%cm™* and 11.3X10%%m"?,
respectively;the CH ;| concentration is less
than 10ppm. The arrows indicate the onset
of the photocurrent. Top: Absorption spectra
recorded simultaneously with the photio-
nization spectrum in(b). The assignment
of the shifted nd and nd’ Rydberg series is
given. The arrows indicate the positions of
the limit of the series converging to the first

ionization limit.
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Fig. 3 Experimental values of photoionization thresh-
old energy I, (®)versus xenon fluid density
N2 .1, shows the gas phase ionization po-
tential measured for vapor TMAE. The
solid curve shows the result calculated with

the continuum model (see text).
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Fig. 4 Polarization energy P of hole trapped at a
benzene impurity in various rare gas hosts
as a function of density. (@) argon, (x)
krypton, (*) xenon.Reproduced from Ref.?

by Reininger et. al..
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Fig. 5 Photoionization threshold energy lc versus
xenon density for anthracene/Xe system
by Nakagawa et. al? .(®)Experimental
values. Solid curve shows the result calcu-
lated by the continuum model with R=0.325

nm.
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Fig. 6 Sudden and Adiabatic polarization energies of the methyliodine

ion as a function of Ar density reported by Kéhler et. al” . Cir-

cles, experimental values of A,,,.(The exprimental error is shown

for one point.) The lines represent, in both case, the calculated

polarization energies.
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Fig. 7 Saturated concentration C, of anthracene
at 300K in xenon fluids measured as a func-

tion of xenon density.Data are normalized Fig. 8 A schematic representation of anthracene-

by density C,,of anthracene vapor. (Xe), cluster.
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Fig. 9 Values of anthracene-Xe interaction pote-

" tial versus y(see text).

Fig.10 Lowest values of association energy of an-
thracene(Xe) .cluster versus the number n

of associating xenon atoms.
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Fig.11 A schematic illustration of the adiabatic polarization process.

(a)Just after the optical transition ( ~10"!°sec.). (b)After-

10" '%sec. (c) At the time longer than (b).
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Fig.12 A illustration of potential curves used for
the calculation of the polarization energy
P, by Kohler et.al’ .Bottom:Model poten-
tial curves. Top:distribution function (dot-
ted line), and shifted to r=Rm (full line).
For details on potential parameters, see

Ref4.
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