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Abstract

We present photoionization spectra of C,HsI and C;H, doped into Ar and SF,, and photoabsorption spectra of C,H;l
doped into Ar. The observation of subthreshold photoionization in C,H;I/SF, and C;H/SF; is discussed in terms of
dopant (D)/perturber (P) interactions involving the excited state processes of D'+ P - D'+ P and D" + P - [DP]" + ¢,
where D" is a discrete Rydberg state of the dopant. The density-dependent energy shifts of high-n Rydberg states
observed in the subthreshold photoionization spectra are used to obtain the zero-kinetic-energy electron scattering length
for SF,. Similarly, the zero-kinetic-energy electron scattering length of Ar obtained from the density-dependent energy
shifts of C,H,I Rydberg states is presented. (Electron scattering lengths obtained here for SF, and Ar accord with values
previously obtained using the density-dependent energy shifts of high-n Rydberg states of CH,I doped into these two

perturber gases.)

1. Introduction

Numerous photoabsorption [1-5],
photoionization [2,6-15] and field ionization
[16] studies of dopant/perturber (D/P) systems
have exploited perturber pressure effects on
molecular dopant Rydberg state energies and
ionization energies as a means of measuring
electron scattering lengths in the perturber
medium. In many of these systems [2,8,10-
12,14,15], photoionization structure has been
observed to occur at energies lower than the
unperturbed dopant ionization threshold. This
subthreshold photoionization structure, which
tracks the photoabsorption of discrete dopant
Rydberg states in the same energy region, has
been used [8,10,14] in the evaluation of
perturber pressure effects necessary for the
extraction of electron scattering lengths. The
nature of those processes leading to subthresh-
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old photoionization is not well understood,
however.

Subthreshold photoionization has
traditionally been explained as resulting from
the collisional transfer of translational,
rotational or vibrational energy from a perturber
to an excited-state dopant [6]. However,
photoionization spectra of CH;I [11,12,14] and
of CH,lI doped into Xe [10], Ar [2,15], CO,
[8,15], N, [15] and SF, [14] exhibit rich
subthreshold structure beginning 0.17 eV below
the CH,I ionization limit, which is much too
low an onset to be accounted for by collisional
transfer of perturber translational energy to an
excited-state dopant molecule. Moreover, the
observation of similar subthreshold spectra in
systems containing both atomic and molecular
perturbers apparently excludes rotational and
vibrational energy transfer as potential
mechanisms as well. (Vibrational
autoionization, however, has been found to give
rise to a weak subthreshold structure in CH,l at
very low perturber pressures [11,12,17]. At



higher perturber pressures, this vibrational
autoionization is supplanted by a subthreshold
structure having a much lower energy onset
[11,12,14].) Finally, CH,I photochemistry has
been ruled out on the basis of energetics in
these systems by Ivanov and Vilesov [11,12].
It becomes important, then, to study
subthreshold photoionization as a function of
temperature, dopant number density and
perturber number density in order to explore the

nature of those mechanisms leading to
subthreshold structure.
We recently measured subthreshold

photoionization of CH;I doped into Ar, N,, CO,
[15] and SF, [14]. In the absence of any
temperature effect indicative of vibrational
autoionization, we proposed two possible
pathways leading to subthreshold structure
[14,15]. The first pathway requires direct
dopant/perturber interactions leading both to
charge transfer and to dimer ion formation [14]:

D*+P — D' + P~ (1)
— [DP]" + e7, (2)

where D™ is a Rydberg state of the dopant
molecule. Since the first process [i.e., eq. (1)]
of this pathway invokes electron attachment to
the perturber, this mechanism should be
enhanced in perturbers exhibiting a large
electron attachment cross-section. The second
process [i.e., eq. (2)] constitutes associative
ionization, which should lead to a perturber-
dependent onset energy as a result of
dopant/perturber dimerization.
The second pathway, namely [15],

D*+ D— D" + D~ 3)

D*+D+P—>D, +P+e, 4
differs significantly with regard to
dopant/perturber interactions. In the first
process [i.e., eq. (3)] of this pathway, electron
attachment is now to the dopant rather than to
the perturber. Therefore, if the dopant itself has
a large enough electron attachment cross-
section, subthreshold structure should be
observed even when the perturber has a low

electron attachment cross-section. In the
second process [i.e., eq. (4)], since the
associative ionization is now only stabilized by
the perturber [18], the onset energy should
remain constant even if the perturber is varied.
For either of the above pathways, the
subthreshold photocurrent will be given by a
sum of two contributions, namely [14,15],
i= iea * iai’ (5)
where i,, is the photocurrent contribution
resulting from electron attachment, and i ; is the
photocurrent contribution resulting from
associative ionization. In pathway 1, the
electron attachment contribution i,, is given by

[cf. eq. (1)]
i = kD (6)
loa 1 Pp* Pp >

while in pathway 2 this contribution is given by
[cf. eq. (3)]

i, = kl(z) Ppx Pp - (7)

In egs. (6, 7), k,""? is the effective rate constant
for the electron attachment process, and p, is
the number density of species A. If we now
assume that the electron attachment is saturated
(i.e., dependent only upon p,. ), and if we
further assume that p,. < p, in the linear
absorption regime, eqs. (6,7) both reduce to
[14,15]

fa = k1 Pp (8)
where k, is an empirical rate constant for
saturated electron attachment. Under these
assumptions, then, the electron attachment
contribution to the total subthreshold
photocurrent has the same form for both
pathways 1 and 2.

Pathways 1 and 2 differ with regard to the
associative 1ionization contribution to the
subthreshold photocurrent, however. If we
again assume that p,. =< p, in the linear
absorption regime, the associative ionization
contribution from pathway 1 [cf. eq. (2)] is
given by [14]

. 1
iy = b Py P ©)
while the same contribution from pathway 2 [cf.



eq. (4)] is given by [15]
iy = K PpPp (10)

where k% is the effective rate constant for
associative ionization.

By combining egs. (8-10) and by replacing
k" with an empirical associative ionization
rate constant k,, we find that the total
subthreshold photocurrent is

i= (k + kpp)pp (11)
for pathway 1, and
[ = (kl + kzpppD) Pp (12)

for pathway 2. Clearly, when a
dopant/perturber system exhibits subthreshold
photoionization, both pathways 1 and 2 may be
operative simultaneously. However, in a
system where both pathways are available [cf.
eqgs. (1,3) and eqgs. (2,4)], pathway 1 will
dominate when p, >> p,. Therefore, if the
perturber has a large electron attachment cross-
section, one should expect that the subthreshold
photocurrent will be modeled by eq. (11), with
little contribution from pathway 2. We have
indeed shown this to be the case for a constant
number density of CH,I doped into varying
number densities of SF, [14]. Moreover, we
have also shown [14] that eq. (11) holds for the
degenerate case (D = P = CH,l) of varying
number densities of pure CH,1, in which eq. (1)
of pathway 1 is identical to eq. (3) of pathway
2.

If the perturber has a small electron
attachment cross-section, one should expect that
the subthreshold photocurrent will be modeled
by eq. (12), with little contribution from
pathway 1. In fact, we have indeed found that
eq. (12) is sufficient to explain the subthreshold
photocurrent of a constant number density of
CH,I doped into varying number densities of
Ar, N, and CO, [15].

Since k, is proportional to the (saturated)
electron attachment cross-section which, in
turn, scales as the principal quantum number n
of the dopant Rydberg state [6], &, should vary
linearly with n. k,, on the other hand, is
determined by molecular interactions which are

dependent upon the excited state polarizability
of the dopant molecule [19]. Since Rydberg
state polarizability scales as n’ [6], k, should
also scale as n’. We have shown that the n and
n’ scaling of k, and k,, respectively, holds for
pure CH;I [14] , as well as for the CH,I/P
systems with P =Ar, N,, CO, [15] and SF, [14].
Therefore, the processes of electron attachment
[i.e., egs. (1, 3)] and associative ionization [i.e.,
egs. (2, 4)] are sufficient to explain the density
dependence and n dependence of the observed
subthreshold photoionization structure. (We
should note, however, that other mechanisms
can not positively be ruled out, provided that
such mechanisms scale as n (and are saturated)
orasn’.)

As mentioned above, we have observed [ 14]
subthreshold photoionization structure in pure
CH,I that is quadratically dependent on CH;l
number density, and that can be modeled within
pathway 1 [i.e., egs. (1,2)] by setting P =D =
CH;I. We have also observed subthreshold
photoionization structure in CH,I/SF, that is
linearly dependent on the SF, number density
[14]. This CH,I/SF, subthreshold structure was
explained within pathway 1, since SF, has a
large electron attachment cross-section [6,20].
However, the existence of subthreshold
structure in pure CH,l implies that, in the
presence of a perturber with a small electron
attachment cross-section, subthreshold
photoionization of CH;I can proceed through
pathway 2 [i.e., egs. (3, 4)]. The availability of
pathway 2 was also indicated by the presence of
subthreshold photoionization for CH,I doped
into Ar, N, and CO, [15] which was linearly
dependent upon the perturber number density at
constant CH,I pressure. (Subthreshold
photoionization structure has also been
observed in HI [21]. However, this structure
has not been studied in detail due to the
complexity of the observed subthreshold
current.) Additional studies involving different
dopant molecules are needed in order to
develop a better understanding of those
properties necessary for a dopant/perturber



system to exhibit subthreshold photoionization,
and to probe the general applicability of
pathway 1 [i.e., egs. (1, 2)] and pathway 2 [i.e.,
egs. (3,4)].

In the present Paper, we present a
photoionization study of C,H;I and C;H, doped
into Ar and SF,. The dopant C,H,I was chosen
because of the similarity of its electronic
structure to that of CH,I [14,15]. The dopant
C¢H,, on the other hand, was chosen because of
the lack of any similarity to CH;I.  The
perturber Ar was selected because of its small
electron affinity, which makes this perturber a
prime candidate for investigating pathway 2
[i.e., egs. (3, 4)]. The perturber SF, on the
other hand, was selected because of its large
electron affinity, which makes this perturber a
prime candidate for investigating pathway 1
[i.e., egs. (1,2)]. As will be reported below,
pure C,H;I and pure C,H, (unlike pure CH,I) do
not exhibit subthreshold photocurrent, which
indicates that pathway 2 should not be available
in these systems. This inability to access
pathway 2 is further substantiated here by the
absence of subthreshold photoionization in
C,H,I and C,H doped into Ar. However, both
C,HiI and CH, doped into SF, exhibit rich
subthreshold photoionization structure which
will be modeled within the confines of pathway
1 [egs. (1,2 and 11)].

Finally, the origin of subthreshold
photoionization structure in high-n Rydberg
states has also permitted the determination of
zero-kinetic-energy electron scattering lengths
of highly absorbing perturbers [8,10,14]. This
determination of electron scattering lengths
from perturber-induced energy shifts of high-n
Rydberg states follows from a theory by Fermi
[22], as modified by Alekseev and Sobel’man
[23]. Briefly, these authors [22,23] concluded
that the total perturber-induced energy shift is a
sum of two contributions,

A = Asc + Ap’ (13)
where A, is the ‘scattering’ shift and A, 1s the
‘polarization” shift. The polarization shift A,
which results from the interaction of the

cationic core of the Rydberg molecule with the
perturber molecule, is given by [2,23]

A - -1078 [ Lae2|” @avp,, (4)
D ¢ 2 pp>

where « is the polarizability of the perturber
molecule, e is the charge of the electron, v is the
relative thermal velocity of the molecules and h
is the reduced Planck constant. Since A, is
easily calculated and A is determined from the
experimental spectra, A . can be obtained from
eq. (13). However, the scattering shift A,
which is due to the interaction between the
quasi-free electron and the perturber medium, is
given by [22]

2nh
Asc ( m ) A pP 4 (15)
where m is the mass of the electron and 4 is the
zero-kinetic-energy electron scattering length of
the perturber. Therefore, the value for A,
obtained from eq. (13) can be used to determine
the zero-kinetic-energy electron scattering
length A4 via eq. (15).

In the present Paper, since we can assign the
subthreshold photoionization structure to high-n
Rydberg states of the dopant, we have extracted
the electron scattering length of SF, from the
density-dependent energy shifts of the
subthreshold structure of C,H,I and C;H,. The
values obtained from the measurements
presented here accord well with those values
obtained from a similar analysis of the
subthreshold photocurrent of CH,I/SF[14], as
well as from the autoionization spectra of
CH,I/SF, [13]. Since Ar is transparent in the
spectral region of interest, we were also able to
obtain the electron scattering length of Ar from
both the absorption spectra and the
autoionization spectra of C,H,I doped into Ar.
The value extracted from these measurements
agrees nicely with that obtained from similar
absorption studies of CH;I[2,3] and C(H, [5] in
Ar, as well as with that obtained from field
ionization measurements of CH,I in dense Ar
[16,24].



2. Experiment

The experimental apparatus has been
described in detail previously [14,25]. Briefly,
photoionization and photoabsorption spectra
were measured using monochromatized
synchrotron radiation having a resolution of
0.09 nm, or ~ 8 meV in the spectral region of
interest. The copper experimental cell, which
has a path length of 1.0 cm, was equipped with
entrance and exit MgF, windows and a pair of
parallel-plate electrodes (stainless steel, 3.0 mm
spacing) oriented perpendicular to the windows.
This arrangement of electrodes and windows
allowed for the simultaneous recording of
transmission and photoionization spectra. The
cell, which is capable of withstanding pressures
up to 100 bar, was connected to a cryostat and
heater system allowing the temperature to be
controlled to within + 1 K. The applied electric
field was 100 V, and all reported spectra are
current saturated. (Current saturation was
verified by measuring selected spectra at
different electric field strengths. Photocurrents
within the cell were of the order of 107° A))

The intensity of the synchrotron radiation
exiting the monochromator was monitored by
measuring the photoemission current from a
metallic grid intercepting the beam prior to the
experimental cell. All photoionization spectra
are normalized to this current. Transmission
spectra (which are reported as absorption =1 -
transmission) are normalized both to the
incident light intensity and to the empty cell
transmission.

CH,I (Sigma, 99%), C(H, (Aldrich
Chemical, 99.9+%), SF, (Matheson Gas
Products, 99.996%) and Ar (Matheson Gas
Products, 99.9999%) were used without further
purification. The gas handling system has been
described previously, as have the procedures
employed to ensure a homogenous mixing of
dopant and perturber [7].

3. Results and Discussion

In Fig. 1 and Fig. 2, we present subthreshold
photoionization spectra of C,HsI and C(H,,
respectively, doped into SF,, in comparison to
the low pressure photoabsorption spectra of the
dopant. Over the same number density ranges
as those given in Figs. 1 and 2, C,H,l and C,H,
doped into Ar exhibited no subthreshold
photoionization structure. (All C,H,l spectra
presented are normalized to unity at the same
spectral feature above the )~(1 B, [26,27]
ionization threshold. All C(H, spectra are
normalized to unity at the same spectral feature
above the °E, . [28] ionization threshold.) Since
the onset of the subthreshold photocurrent
signal is far below the first ionization limit of
the dopant at room temperature (0.27 eV below
for C,Hil, 0.22 eV below for C.Hy), the
collisional transfer of translational, rotational or
vibrational energy from the perturber to the
dopant can be discounted as a possible
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Fig. 1.  Subthreshold photoionization spectra of

C,H,I/SF, at 300 K. Absorption of pure C,H,I: 0.5 mbar.
Photoionization of 0.1 mbar C,H,l in varying SF number
densities (10" cm™): a, 0.12; b,0.73; ¢, 1.5; d, 2.2. Each
spectrum is normalized to unity at the same spectral
feature above the X, °E,, ionization threshold. In (a),
the dotted lines are an example of the gaussian fits used
to obtain peak intensities.
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Fig. 2. Subthreshold photoionization spectra of C;H/SF,
at 300 K. Absorption of pure C;Hg: 1.0 mbar. Photo-
ionization of 1.0 mbar C;H, in varying SF; number
densities (10" cm™): a,0.12; b, 0.49; ¢, 1.1; d, 2.2. Each
spectrum is normalized to unity at the same spectral
feature above the 2Elg ionization threshold.

ionization mechanism leading to this structure.
Furthermore, as was also the case for CH,l/Ar
[15] and CH,I/SF, [14], we observed no
temperature effect on the relative intensities of
the subthreshold structure, thereby ruling out
vibrational autoionization a possible
mechanism. (The absence of any temperature
dependence was verified by measuring
subthreshold photoionization spectra for various
dopant/perturber sample pressures at various
temperatures (in the range -40°C to 80°C) for
both systems. With the exception of a
temperature dependent background (see below),
no change was observed in these subthreshold
spectra.) We also observed no subthreshold
features in pure C,H,I (0.1 mbar - 160 mbar)
and pure C;H (1 mbar - 100 mbar). Therefore,
as discussed in the introduction, the most
probable mechanisms leading to subthreshold
photoionization are those of pathway 1 [i.e.,
egs. (1, 2)].

We have obtained peak areas for the

subthreshold photocurrent shown in Figs. 1 and
2 by integrating a gaussian deconvolution of
various peaks. (An example of part of a
gaussian deconvolution used to obtain the peak
areas is shown in Fig. 1a.) The values for these
peak areas are plotted in Fig. 3 versus the
number density of SF,, and are listed in Table 1
(C,HsI /SFy) and Table 2 (C(H(/SFy). Clearly,
the intensity of the subthreshold
photoionization is linearly dependent on the
perturber number density, which is in accord
with pathway 1 [cf. eq. (11)]. Since the
subthreshold structure is superimposed on a
rising exponential background (as discussed by
Ivanov and Vilesov [11,12]), we have also
subtracted an exponential background fitted to
the zero baseline and the photocurrent step at
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Fig. 3. Peak areas (by gaussian fits to the photo-
ionization spectra) for the subthreshold photoionization
structure of (a) 0.1 mbar C,HI and (b) 1.0 mbar C(H, as
a function of SF, number density. In (a): @, 10d; .,
11d; A, 12d; V¥, 13d; @, 14d. In (b): ©, 8R'; O, 9R";
A, 10R"; V, 11R"; O, 12R". The solid lines represent a
least-squares fit to the function b, + b, p.



Table 1. Peak areas (by gaussian fits to the photo-
ionization spectra) for the subthreshold photoionization
structure (cf. Fig. 3) of 0.1 mbar C,H,l in varying SF,
number densities p (10" cm™)

P 10d 11d 12d 13d 14d
0.12 0.0301 0.242  0.497 0.785 1.14
0.24 0.0710  0.318 0.594  0.940 1.33
0.49 0.142 0.433 0.784 1.20 1.76
0.61 0.176 0.483 0.848 1.30 1.92
0.73 0.221 0.543  0.941 1.42 2.12
1.09 0.336 0.683 1.20 1.80 2.73
1.5 0.445 0.856 1.47 2.19 3.36
1.8 0.526 1.02 1.70 2.51

2.2 0.640 1.19 1.95 2.94
Regression Coefficients”

b, 0.0118  0.207 0.458 0.686 0.935
b, 0.286 0.427  0.659 1.02 1.63

"The regression coefficients are for a least-squares linear
fit, b, + b, py, as shown in Fig. Sa.

threshold. The resulting spectra, when analyzed
for peak areas, yields plots similar in detail to
the ones shown in Fig. 3.

Table 2. Peak areas (by gaussian fits to the photo-
ionization spectra) for the subthreshold photoionization
structure (cf. Fig. 4) of 1.0 mbar C;H, in varying SF
number densities p (10" cm™)

p 8R! 9R' 10R' 11R' 12R!
0.12 0.407 1.16 1.95 2.75 3.63
0.24 0.443 1.22 2.09 3.00 4.17
0.49 0.508 1.36 2.48 3.62 5.20
0.62 0.529 1.52 2.67 3.90 5.71
0.72 0.565 1.60 2.76 4.05 6.11
1.1 0.687 1.79 3.29 4.89 7.69
1.4 0.778 1.98 3.65 5.68 8.81
2.2 1.15 260 472 7.42
Regression coefficients”

b, 0.356 1.05 1.81 2.50 3.21
b, 0.351 0.690 1.29 2.28 4.05

"The regression coefficients are for a least-squares linear

fit, b, + b, p, as shown in Fig. 5b.
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Fig. 4. (a) Constant and (b) linear regression coeffi-
cients for the subthreshold density dependence of
C,H,I/SF, (Table 2) plotted versus the C,H,l excited
state principal quantum number n and n’, respectively.
The straight lines are least-squares fits to the data. See
text for discussion.

The linear plots of Fig. 3 are in accord with
pathway 1 [i.e., egs. (1,2, and 11)] for p, =
constant, and may be expressed as
i=by+ bpp. (16)
The linear correlation coefficients b, (= &, pp)
and b, (=k, pp) are given in Table 1 (C,H,I/SFy)
and Table 2 (CH(/SF,). Since the linear
correlation coefficients b, and b, are
proportional to &, and k,, respectively, b, and b,
should have the same n dependence as &, and k.
In Fig. 4 (C,H,I/SF,) and Fig. 5 (C{H,/SF), we
have plotted b, versus n and b, versus n’. The
linearity of these figures, when coupled with the
analysis of Fig. 3, allows one to conclude that
pathway 1 [i.e., egs. (1, 2 and 11)] is sufficient
to explain the behavior of the subthreshold
photoionization in both C,HI/SF, and
CcH¢/SF,. (However, as mentioned in the
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Fig. 5. (a) Constant and (b) linear regression coefficients
for the subthreshold density dependence of C,H//SF
(Table 3) plotted versus the C;H, excited state principal
quantum number n and n’, respectively. The straight
lines are least-squares fits to the data. See text for
discussion.

introduction, other mechanisms are possible so
long as these mechanisms scale as n (and are
saturated) or as n’.) Unlike the case of CH,I,
which exhibits subthreshold photoionization
structure in pure CH,I [14], CH,I/Ar [15] and
CH,I/SF, [14], the dopants C,H;I and C.H,
appear to exhibit subthreshold photoionization
in C,H,I/SF, and C,H/SF; arising only from
pathway 1 [i.e., eqs. (1, 2, and 11)] in the
absence of pathway 2 [i.e., egs. (3,4 and 12)].

Since we can assign the subthreshold
photoionization structure to high-n Rydberg
states of the dopant, we have used the density-
dependent energy shifts of this structure to
obtain the zero-kinetic-energy electron
scattering length of SF,. In Table 3, the energy
positions of a number of C,Hil nd Rydberg
states [26,27], as assigned from the

Table 3. ndand I, = I( )~(1 ’E,,) photoionization energies

(eV) of C,H,l in selected number densities p (10" cm™)
of SF,.

P 10d 11d 12d  13d 14d I,

0.12  9.122  9.171 9.203 9.228 9.249 9.349
049 9.120 9.169 9.203 9.227 9.249 9.348
0.73  9.119 9.167 9.201 9.226 9.248 9.347
1.5 9.117 9.166 9.200 9.225 9.246 9.346
2.2 9.116 9.165 9.198 9.223 9.343

photoionization spectra, are given for selected
SF, number densities. Ionization energies I, [=
I ()~(1 °E,,»)] extracted from a fit of the assigned
spectra to the Rydberg equation are also given
in Table 3. The energy positions of a number of
C¢H, nR'states [27,28], as well as the values of
I, [=I(E,,)] extracted from a fit of the assigned
spectra to the Rydberg equation, are presented
in Table 4 for selected SF, number densities.
The shift data are summarized in Figs. 6a and
6b, where we have plotted the energy positions
of nd C,HiI and nR' C;H, Rybderg states,
respectively, versus SF, number density. Fig. 6
shows that the energy shifts are linearly
dependent on the perturber number density and
can therefore be analyzed by the Fermi model
given in egs. (13-15) of the introduction. Using
the value [29] o = 6.54 x 10?* cm® for SF,, and
the value A/p = -25.36 x 10 eV c¢m’ obtained
from the subthreshold photoionization spectra
of C,HI doped into SF,, one finds a zero-

Table 4. nR'and I, = I(zElg) photoionization energies
(eV) of C;H; in selected number densities p (10" cm™)
of SF,.

p S8R 9R'  10R' I1IR' I2R' 1,

0.12 9.030 9.079 9.110 9.134 9.153 9.244
024 9.029 9.078 9.110 9.134 9.153 9.243
0.49 9.028 9.077 9.109 9.133 9.152 9.242
0.72 9.027 9.076 9.108 9.132 9.151 9.241
.1 9.027 9.075 9.107 9.131 9.150 9.240
22 9.025 9.074 9.106 9.130 9.239
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Fig. 6. Energy shifts of (a) nd Rydberg states of C,H,l
and (b) the nR' Rydberg states of C(H as a function of
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lines represent a least-squares linear fit.

kinetic-energy electron scattering length of 4 =
-0.497 nm for SF,. Similarly, the value A/p = -
24.21 x 10* eV c¢m’ obtained from CH/SF
yields a zero-kinetic-energy electron scattering
length of 4 = -0.473 nm. Both scattering
lengths obtained in the present study accord
well with the scattering length 4 = -0.492 nm
determined by an analysis of the subthreshold
structure of CH,I/SF,[14], and 4 = -0.484 nm
determined from the perturber-induced energy
shift of CH,I autoionization spectra [13].
Since Ar is transparent in the region of the
first (I, = 1 ( X, *E,,) = 9.349 eV [27,28]) and
second (I, = I )~(2 *E,») = 9.932 eV [27,28])
ionization energies of C,H;l, we were also able
to obtain the perturber-induced energy shifts of
C,H,I doped into Ar from both the
autoionization spectra and the photoabsorption
spectra of C,H;I/Ar. These data allowed us to
determine the zero-kinetic-energy electron
scattering length of Ar. In Fig. 7, we present
photoabsorption spectra of C,HsI doped into
varying number densities of Ar.  (The

autoionization spectra for C,H I/Ar reproduce
the photoabsorption structure in the
autoionizing region and, for that reason, are not
presented here.) The energy shifts obtained
from the photoabsorption measurements are
summarized in Table 5 and plotted in Fig. 8.
(The energy shifts obtained from the
autoionization spectra are identical (to within
experimental error) to the energy shifts
presented in Table 5.) Using the perturber
induced energy shifts of C,H.I in Ar extracted
from the photoabsorption spectra, and using
egs. (13) - (15) with the value [30] « = 1.66 x
10** ¢m’, we obtain an electron scattering
length for Ar of 4 = - 0.086 nm. This value
agrees well with 4 = - 0.089 nm obtained from
similar measurements involving CH,1[2,3] and
C¢H, [5] doped into Ar, and 4 = -0.082 nm
obtained from field ionization measurements of
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Fig. 7. Photoabsorption spectra of C,H I/Ar at 300 K.
Photoabsorption spectra of (a) 0.5 mbar C,HI and C,H;I
doped into varying number densities of Ar (10*° cm™): b,
0.024; c, 2.38; d, 4.87. The concentration of C,H,I was
kept below 10 ppm in Ar. All absorption spectra are
corrected for the empty cell transmission. The
assignment given at the bottom corresponds to the pure
C,H.I spectrum.



Table 5. ndand I, = I()~(1 ’E,,) as well asnd' and 1, =
I()~(2 ’E,,) photoabsorption energies (eV) of C,H;l in

selected number densities p (10%° cm™) of Ar.

nd and I, = (X, ’E,;)

p 10d 11d 12d 13d I
0.024 9.123 9.169 9.204 9.231 9.348
0.13 9.122  9.168 9.203 9.230 9.347
0.24 9.121 9.167 9.203 9.229 9.346
0.66 9.120 9.165 9.201 9.227 9.345
1.24 9.117 9.163 9.199 9.223  9.340
2.38 9.110 9.158 9.194 9.218 9.336
3.75 9.104 9.149 9.186 9.215 9.329
4.87 9.100 9.146 9.183 9.207 9.324
nd' and I, = I(X, ’E, )
p 104" 11d" 12d" 13d" 14d L,
0.0243 9.704 9.753 9.787 9.813 9.834 9.931
0.13 9.704 9.752 9.786 9.812 9.833 9.930
0.24 9.703 9.751 9.785 9.811 9.832 9.929
0.66 9.701 9.750 9.784 9.810 9.831 9.928
1.24 9.697 9.747 9.780 9.806 9.828 9.923
2.38 9.691 9.741 9.775 9.801 9.823 9.918
3.75 9.684 9.736 9.769 9.794 9.912
4.87 9.677 9.729 9.763 9.789 9.909
CH,I doped into dense Ar [16,24].

In summary, we have measured

photoionization and photoabsorption spectra of
C,H,J/JAr and C(H/Ar and photoionization
spectra of C,HI/SF, and CH¢/SF,, as a
function of the perturber number density. We
have shown that pathway 1 [i.e., egs. (1, 2 and
11)], which depends wupon direct
dopant/perturber interactions, is sufficient to
explain the origin of subthreshold
photoionization in both C,H.I and C,H, doped
into SF,. We have also shown that pathway 2
[i.e., egs. (3, 4 and 12)] is likely unavailable as
a subthreshold photoionization mechanism in
both C,HiI and C(H,, since subthreshold
photoionization is absent in pure C,H.l, pure
C¢H,, C,H,I/Ar and CH//Ar. (The
inaccessibility of pathway 2 may be due, in part,
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to the inability of C,H,l and C,H, to form stable
dimers in a static system. However, resolving
this issue completely will require a detailed
mass analysis (as originally discussed by Ivanov
and Vilesov [11] for CH,I) in a molecular beam
experiment.)  We have shown that the
correlation coefficients b, and b, scale in a
simple fashion according to the principal
quantum number of the dopant Rydberg state,
which allows wus to conclude that the
mechanisms of electron attachment to SF,, and
associative ionization with SF, are sufficient to
explain the behavior of the subthreshold
photocurrent. Additional measurements where
the perturber number density is held constant
while the dopant number density is varied will
provide a further test of the applicability of
pathway 1 [i.e., egs. (1, 2 and 11)] and pathway
2 [i.e., egs. (3, 4 and 12)] for general
dopant/perturber systems. (These
measurements are currently in progress by us
for CH,I/Ar and CH,I/SF, [31], for example.)

9.95F
9.90
9851, nd' series

980 Tt .,
9.75
9.70
9.65}
9.40F
9.35 I

Rydberg position (eV)

9.30
9.25 nd series
9.20

9.15

i

9.10

9'05I....I....I...
0.0 1.0 2.0

3.0

5.0

T
Number density (102” cm'3)

Fig. 8. Energy shifts of nd and nd' Rydberg states of

C,H;l as a function of Ar number density p (10%° cm™).

o n=10;m n=11; A, n=12;¥,n=13; ®,n=14.

The fitted ionization energies are also shown. All

straight lines are least-squares fits.



Finally, we have used the density-dependent
energy shifts of high-n Rydberg states, extracted
from the subthreshold photoionization spectra
of C,HsI and C,H¢ doped into SF, to determine
the zero-kinetic-energy scattering length of SF.
The values obtained from these measurements
were shown to agree with that obtained by
similar measurements of CH,I/SF,[13,14]. We
also presented photoabsorption spectra of C,Hl
doped into Ar and used these spectra to obtain
the zero-kinetic-energy electron scattering
length of Ar. This value was shown to accord
both with the scattering lengths obtained from
photoabsorption measurements of CH,I/Ar [2,3]
and C(H/Ar [5], as well as with the value
extracted from field ionization measurements of
CH,I doped into dense Ar [16,24].
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