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Multiphoton Excited Conductance Spectroscopy. 1. Application of the Born Model to
Femtosecond Laser Excited Multiphoton lonization of Nonpolar Liquids
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A technique for determining the ionization potentials of pure liquid samples using visible wavelength
femtosecond pulses is described. Exploiting a multiphoton ionization mechanism, we present values for the
liguid-phase ionization potentials and compare them with estimated values calculated from gas phase ionization
potentials. Estimates rely upon theoretical calculations of two values. First, the polarization energy of the
solvent in the presence of a charged solute is calculated using the Born continuum solvation (BCS) model.
Second, the conduction band of the liquid sample is calculated using the Spridgtter-Cohen (SJC)

model, which corresponds to the stabilization energy of the free electron in the dielectric medium. Polarization
energies are calculated with two different estimates of cavity radii, and comparisons are made to determine
the adequacy of each set of radii. The striking agreement between the experimental results and theoretical
predictions supports the viability of this technique as a straightforward method for determining liquid-phase
ionization potentials using visible wavelength photons. It also supports the BCS model as an applicable method
for calculating solvent polarization energies suitable for femtosecond photoionization.

Introduction ionization has enabled many researchers to study solvation
dynamics of electrons in the solution phd&e?’ and most of
these studies focus on dynamics of hydrated electron solva-
tion.2627These recent studies have demonstrated the importance

dof multiphoton ionization in studies of charged species (primarily
electrons) in condensed phases.

lonization potentials of gas phase species are typically
determined by photoelectron spectroscopy. Following photo-
ionization with a VUV source or multiphoton ionization with a
UV source, the excess kinetic energy of the electron is measure

and subtracted from the excitation energy to give the ionization In this paper, we will show that the ionization potentials of

potential of the molecule under study. However, this method . ; - .

- - L low dielectric constant liquids can be determined from femto-
cannot be used in the liquid phase, because the kinetic energy_..ond multiphoton exc(i]{ed conductance spectra (fs-MPECS)
of the ejected electron is quickly thermalized, and liquid-phase

ionization potentials must be determined from VUV photo- gzlrggiﬁet(ljgizlf VIsﬁlﬁe?ﬁﬂﬁsllgaﬁ?(?rﬁ!%)??égglsetrﬁ:\i@ri;attri]gn
conductivity spectrd? Casanovas et al. have measured the 9y pep

ionization potentials of several neat liquids by plotting the Fh??untﬁihéon:éggsgo?(r;ﬁtj]l;is.hgtrz; i?rt“ezgzroge(&%st;gn o(\)/ferlggg
conductivity values vs the excitation photon energy and impos- b 9128 Thp diff il ph f producti ¢ % o
ing a conductivity threshold associated with free electron yeq L e differential is the rate of production of the ionic
generatior:2 Faidas and Christophorou have determined solute I

ionization potentials of some organic aromatic chromophores dM7] _ S (") [M] (1)
such as azulene, pyrene, and fluoranthene by measuring two- dt "

photon to three-photon ionization photocurrents in dielectric ) ) . o
liquids 322 They arrive at ionization thresholds by imposing a SPEcies from the neutral speci®, o,(1) is the excitation cross

condition on the excitation power dependence of the conduc- section, which reflec_ts the wavelgngth-dependent probability of
tance profile in the spectral region that corresponds to a the molecule absorbingphotons simultaneously; thgt) factor
transition from two to three photons. However, in many cases, IS the intensity of the light at wavelength given as photon
the results are complicated by resonance enhancement in thd!UX (Photons cm? s7). The excitation cross section typically
spectral region of interest, causing a broadening of the transitiond€creases asincreases and, in the case of processes involving
region and uncertainty in the ionization thresh®id? more than three photons, can be lower tharm*20[cm®

In addition to studies of ionization thresholds, numerous (S' “Photon$™)].2¢ Therefore, the necessity for a comparably
experimental studies have been reported that utilized liquid- 12r9€ intensity factor becomes evident. In the case of azthree-
phase multiphoton ionization for analytical and fundamental p_hloton process, must be approximately 3 photons cm
studies of solutes in condensed phases. Ogawa and co-worker§ - Femtosecond pulses are capable of providing the photon
have utilized multiphoton ionization of liquid samples for the 11UX required for multiphoton ionization. ,
quantitative analysis of aromatic samples in soluffbid2 Kane _ On the basis of eq 1, a comparison of four- and five-photon
et al. have utilized multiphoton ionization to study ion-induced °nization processes with the same photon flux should yield

nucleation in supersaturated vap#rgemtosecond multiphoton substantiqlly different ion yields. For photon fluxes typical of
our experimentsl (~ 10%° photons cm?2 s71) and in the absence

* To whom correspondence should be addressed. E-mail: kauffmanj@ Of resonant enhancements, the productgffl) and I"(1) is _
missouri.edu. expected to be greater for a four-photon process than for a five-
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photon process. By scanning through a range of wavelengths,
the photon energy dependence of the ion yield can be observed
for a given liquid sample, which allows for determination of
the transition point that corresponds to the transition from Vis-OPA
n-photon excitation tor(+ 1)-photon excitation. Additionally, 18 >
the dependence of the ion yield on photon flux will differ in Y
these two cases, becauseraphoton process depends on the
nth power of the intensity. PD&

In this paper we investigate the applicability of fs-MPECS 1 10sC
for determination of the ionization potentials of nonpolar liquid
samples. Experimentally determined liquid-phase ionization Pump Beam

. . . 775 nm @1kHz

potentials are compared against predicted values calculated from from CPA.2000
known gas-phase ionization potentials, ion solvation energies
calculated from the Born continuum solvation (BCS) model for Computer and ADC
ion solvation, and solvent conduction band levels calculated with
the Springett-Jortner-Cohen (SJC) modéP. The remarkable
agreement between experiment and theory validates our analysis
and demonstrates that multiphoton ionization can be treated aSFigure 1. Instrumental setup for the fs-MPECS experiment. The OPA

a perturbative process under the conditions encountered in thisis pumped by the second harmonic of 775 nm. Tunable light from 450

— Cell

I/V Converter

study. to 650 nm is produced by the OPA and is directed toward a quartz
window (QW), which sends approximately 4% of the beam into the
Experimental Section photodiode (PD) with oscilloscope readout (OSC). The remaining beam

is collimated in the telescoping lens assembly (TA) and sent through
The femtosecond laser source used for these experiments ighe variable density filter wheel (FW) driven by a computer interfaced
a Clark-MXR CPA-2000 chirped pulse amplified Ti:sapphire Stépper motor. The beam is then sent through a polarizer (POL) to
laser. The system produces 800 mW of 775 nm light at 1000 eliminate any residual OPA pump and is then focused using an achromat
. . . . lens (AL) into the sample cell. The current generated across the
Hz repetition rate. The typical pulse width is 2050 fs electrodes is detected and amplified, and the signal is digitized and
(fwhm), as measured by interferometric autocorrelation. The compiled.
775 nm light is directed into an optical parametric amplifier
(Clark-MXR Vis-OPA), to generate femtosecond laser pulses of the laser pulse is varied. Th&/ converter has a calibrated
from 450-700 nm and an average power of approximately 3 gain of 2.02x 10°® V/A. Thus, an easily observable 10 mV
mW at the sample. (Internal OPA optics include a frequency signal pulse of 1 ms duration reflects the collection of approxi-
doubling crystal to generate the 388 nm OPA pump beam andmately 16 charged particles. This crude estimate of detection
a white light generator to seed the OPA.) The spectral bandwidth level indicates that-1 amol of charged particles can be detected
of the output of the OPA is approximatet2.5 nm, corre- with our simple instrument. The intensity dependent photo-
sponding to approximatel0.015 eV energy bandwidth in the  ionization current is measured incrementally at wavelengths
blue range of the OPA (450 nm) and0.0074 eV energy  between 450 and 650 nm~4 nm increments), and the ion

bandwidth in the red range of the OPA (650 nm). signals at specific pulse intensities are tabulated and used to
The experimental setup for fs-MPECS measurements is determine the ionization potential. The relative pulse intensity
shown in Figure 1. A small percentage of the beard%o) is is determined according to the following expression:

reflected by a quartz window and monitored by a photodiode

(PD), which is used to determine the relative pulse intensity. | = V!
The transmitted beam is collimated using a dual lens telescoping eff Ry(4)
assembly (TA) and directed through a circular variable neutral

density filter (FW). A computer-controlled stepper motor rotates where ¢« is the effective relative pulse intensityyq is the

the filter wheel through the 10% transmission to 100% diagnostic voltage measured at the photodiodiejs the
transmission range. Though the laser pulse diameter was smalkxperimentally calibrated fractional transmittance of the ND
and carefully controlled at the filter position, the circular variable filter wheel, andRy(1) is the wavelength-dependent response
neutral density filter may have caused slight heterogeneities in of the photodiode. Since the relative pulse intenslty)(is

the transverse intensity profile. However, these heterogeneitieswavelength corrected and the spot size in the sample is fixed,
are consistent in all experiments. A polarizer (POL) filters out it is possible to analyze each sample at a fixed relative intensity
any residual pump and second harmonic from the CPA-2000, at various excitation wavelengths to obtain a wavelength-
which is cross-polarized with the signal from the OPA. dependent fs-MPECS.

The filtered visible pulses are focused with a 50 mm focal-  For the liquid samples, each of the solvenispéntane,
length achromat (AL) into a standard 1 cm quartz cuvette. The cyclopentane,n-octane, triethylamine, carbon tetrachloride,
achromat maintains a fixed spot size inside the sample of benzene, toluene, ar@dioxane) was obtained in the highest
approximately 10Q«um diameter at the beam waist. A pair of purity available from Fischer Scientific and used as received.
stainless steel electrodes is suspended in the samplex(800 Each of the liquid samples was subjected to similar experimental
electrode spacing) and positioned such that the focus of the laseconditions, with minor adjustments to optimize the measurement
beam is between the two electrodes, and a high voltage is(i.e., adjustment of applied potential to compensate for low ion
applied (506-1500 V). When a pulse of light is present between signal).
the electrodes with sufficient photon flux to ionize the sample,  In performing the experiments, we have observed a phenom-
the ionized species conduct current between the electrodes. Thenon related to the important issue of sample heating. The
current is amplified by a current-to-voltage convertéfV ( primary mechanism of sample heating in this experiment is
converter)t® and the ion signal is collected as the attenuation thermalization of the ionization energy following electron

)
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Figure 2. fs-MPECS excitation surface forpentane. The plot shows Excitation Power {Photodiode Voltage)

the dependence of the conductance signal on the excitation wavelengttFigure 3. Conductance power dependence repentane at two
and the excitation power monitored by a photodiode. The data show a €xcitation wavelengths. The solid lines are curves that correspond to
distinct drop in photocurrent between 560 and 570 nm. = ax", wheren = 4 for the 518 nm curve and = 5 for the 571 nm

curve. Both plots exhibit ion current saturation at higher effective
cation recombination. In the absence of a dc field, the resulting excitation intensities (for approximate excitation intensity.5 for 518

localized heating takes place within the irradiated zone and leads"m and excitation intensity 8 for 571 nm).

to density fluctuations, and therefore substantial Rayleigh i )

scattering of the excitation beam. However, the Rayleigh Power law () but tends to plateau. This saturation phenomenon
scattering is significantly reduced when the dc field is applied 1S under further investigation, as to whether it is the result of a
because electrorcation recombination is inhibited by field- ~ Physical phenomenon or a limitation of photocurrent detection.
induced charge separation. (This phenomenon is under furtherThere is a noticeable difference in the excitation intensity
investigation.) This effect is easily observable by eye, and the thréshold for saturation, with the four-photon (518 nm) con-
scattering observed in the presence of the field is similar to QUctance saturating at much lower excitation intensity than the
scattering of a low power continuous wave (cw) laser beam. five-photon (571 nm) conductance. o

This indicates that the heat due to ionization is dissipated Figure 4 presents fs-MPEC spectra of three liquids at constant
throughout the sample volume located between the electrodesEXcitation power. The plots reveal the transition from four- to
and at the electrode surfaces. We use less than 5 mW of averagéVe-photon ionization (4a and 4b) and from three- to four-
laser power, and most of this power is transmitted through the Photon ionization (4c). The response of the conductance signal
sample. Because we are able to “quench” the recombination, With respect to the excitation energy behaves as expected, with
localized sample heating in the irradiated zone is substantially @ Sharp decrease occurring in the range -35I0 nm for
reduced. At this time we do not have a quantitative measure of "-Pentane and cyclopentane and 5525 nm for toluene. To

the local sample temperature in the irradiated zone. While characterize a transition wavelength objectively, we fit the fs-
sample heating may influence the measured current, this studyMPECS data to a modified sigmoidal function given in eq 3.
is aimed at identifying and analyzing the sharp transitions in

conductivity that are expected when the photon order changesf(1) =y, + a4 u([d(2 — 1] +
. . . 0 —(A—2g)lbyc o) )
as a result of changes in the excitation wavelength, not in the [1+e b]
absolute conductivity levels. Local heating may affect the signal (1 — uGAlgr — A9)] (3)
level, but it should not affect the position of the transition we

seek, particularly because the transitions we observe are sharprnea first two terms comprise a common five-parameter sig-

moidal function. The third and fourth terms are linear terms,
Results

which allow the data to be fitted to slightly sloping regions on
For each solvent, power dependent scans were taken ateither side of the transition point, rather than the standard

wavelength increments across the 5850 nm range in order  sigmoidal function, which assumes flat regions (slep8) on

to form a conductance excitation surface. For example, the either side of the transition. The fitting parameter of consequence
conductance surface ofpentane spanning its four- and five- is thelo term, which is the central point of the sharp transition.
photon regions is shown in Figure 2. This surface shows a sharpTheu(4o) term is the unit step function centered on the transition
transition at 568 nm. Not only does the magnitude of the wavelengthlo. Adding the unit step function to the sigmoid
conductance signal decrease on the long wavelength side of thisallows the additive linear functions on either side of the
transition, the shape of the power response changes as welltransition point to be fitted independently. This, in turn, results
The signal transition corresponds to a transition from four- to in a better estimate ofy for all solvents. In physical termgg
five-photon ionization. The shape of the power dependence, is taken to be the transition betweeiphoton ionization on the
which is shown in Figure 3, assumes a markedly different form short wavelength side and ¢ 1)-photon ionization on the long
on either side of the transition as expected. This is also indicative wavelength side of the transition. At wavelengths greater than
of a transition from a four- to five-photon process. It is worth 1o, (n + 1) photons are required to exceed the ionization
mentioning that there is a significant saturation effect in each potential. Therefore, the ionization potential is taken to be the
of the intensity dependence profiles. After a certain excitation product ofn andhv, which corresponds to the point at whioh

intensity is achieved, the conductance no longer responds tophotons reaches the minimum energy of the ionization con-
increases in excitation intensity according to the exponential tinuum.
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as TABLE 1: Experimental Data for fs-MPECS of Liquid
. Eg:ceu:ﬁgzszwgrr'n':ldal Fit Sam ple§
o Born Prediction = 657 nm eXptI ||t
sample Ao (NmM) n (photons) 1P (eV) IP (eV)
s TEA 642 3 5.808
= 45 toluene 517 3 7.213
- benzene 498 3 7.488
s dioxane 488 3 7.641
§ w0 c-pentane 565 4 8.800 882
2 n-octane 565 4 8.800
n-pentane 568 4 8.754 8.86
S CCly 497 4 10.004
o a o corresponds to transition wavelengthrepresents the number
% of photons required for ionization. TEA is triethylamine.

500 520 540 560 580 600 820
Excitation Wavelength (nm)

polarization energy for each solvent has been calculated using
the BCS model for a charged particle in a dielectric contingum.
oppene The BCS model assumes that a solvated charged particle can
* See pEsseam be treated as a point charge at the center of a spherical cavity
that is present in a continuum solvent characterized,iye
bulk dielectric constant. The expression for stabilization due to
solvation is given in eq 5 and is also dependent upon the charge

1 1\[?
A ®

of the cation ) and the spherical cavity radius)( The
polarization energy is quadratically dependent upon the charge
500 50 540 500 550 o0 o0 of the cation @); however, since the probability of reaching
Excitation Wavelength (nm) the second ionization potential in these experiments is negligible,
the ionic charged) is assumed to be-1. We associate the
Tolene  moidal it spherical cavity radii with the size of the solvents and two
enston Energy = 7203 v different methods for calculating radii were used. The first set
of radii was determined using the van der Waalsoefficient

for each solvent> The second set of solvent radii was deter-
mined using the method prescribed by Bondi for estimating van
der Waals radif? The polarization energies for the solvents were
calculated using both radii, and are given in Table 2.

The conduction band energyy) reflects the response of the
solvent around the free electron produced in the photoionization
process. Holroyd has shown that the experimental valudg of
in molecular liquids are in agreement with theoretical predictions
o based on the Springetfortner-Cohen mode}? This method

500 520 540 560

Excitation Wavelength (o) breaks the energy contribution into a sum of two terms, as shown
Figure 4. Photoionization excitation spectrum of (ajpentane, (b) in eq 6: a potential energy term describing the polarlz'atlo'n of
cyclopentane, and (c) toluene fit to the eq 3. Wavelengths predicted the medium around the electrob,) and an electron kinetic

on the basis of the BCS model of cation solvation and gas-phase energy term ).
ionization potentials are listed for each liquid.

lonization Signal (mV)

c ™

80 .« °

80

40

lonization Signal (mV}

. VO =T+ UpoI (6)
The measured transition wavelengthg for several solvents

are compiled in Table 1. From these, experimental values for The potential energy term accounts for the polarizability, (
the liquid phase ionization potential have been calculated. Thesegensity ), and the WignerSeitz radius of the solvent
have been compared with the predicted values calculated frommglecule () according to the following expression:
experimentally determined gas-phase ionization potentiaf§IP
and terms that account for solvation of the cation and the (30Le2
electron produced by photoionization. Our experimental values Upo = — 2
for n-pentane and cyclopentane have also been compared to 2
experimental values from the VUV measurements of Casanovas ) ] ) ]
et al! The expression for the predicted liquid-phase ionization Wherers is derived from the bulk solvent density, given by
potential (IR) is3° , 3

r& =-—— 8
IP, = IPy+ P+ V, 4) 5 Aap ®)

8
7

+ (1 + §J‘[0Lpo)_l @)

3

wherePyq is the polarization energy of the solvent around the The electron kinetic energy term is determined from the mass
cation, andVj is the conduction band energy of the solvent, of the electronife) and the wave vectokg) that describes the
which accounts for the solvation energy of the electron. The ground state of the system according to eq 9. The wave vector
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TABLE 2: Comparison of Predicted Values (vdW IP,, Bondi IP|) Based on van der Waals Radii (vdWr) and Bondi Radii
(Bondi r) and Experimentally Determined Values (Exptl IP)2

1Py vdW vdwW Bondi Bondi Vo exptl vdwW % error Bondi % error
sample (eVv) r (A) Ppoi(eV) r(A) Ppoi (€V) (ev) P (eV) 1P (eV) vdw IP (eV) Bondi
TEA 7.53 2.63 —1.61 3.11 —1.36 —0.10 5.81 5.82 0.2 6.07 4.5
toluene 8.83 244 —171 2.87 —1.45 —0.20 7.21 6.92 -4.0 7.18 -0.4
benzene 9.24 225 —1.80 2.68 —1.51 -0.11 7.49 7.33 -21 7.62 1.7
dioxane 9.19 242  —1.63 3.01 -1.31 -0.27 7.64 7.29 —4.6 7.61 -0.4
c-pentane 10.33 227 -—156 2.88 -1.23 0.11 8.80 8.88 0.9 9.21 4.7
n-octane 9.80 286 —1.23 3.28 -1.07 —0.09 8.80 8.48 —3.6 8.64 -1.8
n-pentane 10.28 244 —1.34 2.84 -1.16 0.04 8.75 8.98 2.6 9.16 4.7
CCly 11.47 2.39 —-1.67 2.73 —1.46 -0.27 10.00 9.53 4.7 9.74 —2.6
a Conductance band energiég) calculated using SJC model. TEA is triethylamine.
hZ 2 11.0
T= —ko (9) 10.5 4
2m,

10.0 Carbon Tetrachloride o

term, ko, is determined from the boundary conditions of the 854

ground-state quasi-free electron pseudo-wave function and can
be obtained from the following expression:

tanfk(rs — a)] = ki

Dioxane
9.0 4

=
8.5 -

8.0 4§

Cyclopentane
n-Octane ¢ /

(10)

7.5

Toluene

n-Pentane

wherea is the so-called electron molecule hard core radius that
has been shown empirically to be related to the critical volume

Experimental |P, (e’

7.0 4

Benzene

(Verit) by @ = 0.303 V¢l (Where Vit is in units of cnd/mol
anda s in angstroms). Th¥, term is relatively small compared

to Ppo and in most cases is a small stabilization (negative value),
with n-pentane and cyclopentane being the only exceptions. The 75 80 85
conduction band energy generally tends to decrease as the size Theoretical IP, (eV)
of alkanes increases, due to the dependence on the Wigner Figure 5. Comparison of experimentally determined VRlues with
Seitz radius, and therefore, the two smaller alkanes are the onlypredicted values. The bold line indicates an ideal correlation with
two molecules with positivé/,. predicted values using the Bondi radii.

In Table 2, theoretically predicted values of Based on radii
calculated from the van der Wadlcoefficient and the Bondi
method are compared against the experimentally determined
values. The radii determined from the van der Wahls
coefficients are smaller than those calculated by the Bondi
method, and therefore give systematically lower valueB,gf
Therefore, the predicted liquid-phase ionization potentials
calculated using the polarization energy based on the van der.
Waals (vdW Pp,) radii are systematically lower than those
predicted on the basis of the Bondi method. An examination of
the percent deviation from the experimentally determined values .
reveals that predictions based upon the use of the van der Waalsg
b coefficient tend to underpredict the experimental values, and
the predictions based upon the use of the Bondi method tend to
overpredict the experimental values. However, the average
percent error for the van der Waals predicted values.9%)
is slightly greater in absolute magnitude than the average percent
error for the Bondi predicted values (1.3%). Figure 5 shows
the experimentally determined values of {ifotted against the ¢ three- to four-photon transition occurs at 501 nm (7.45 eV), while
predICted values for ‘meterm”']ed from Bondi calculated radii. the spectrum shows a transition at 498 nm (7.49 eV). The labeled
The excellent correlation between theory and experiment REMPI region is the area where enhancement of conductance occurs
validates both the experimental method and the applicability due to two-photon resonance with an excited state at approximately
of the Born model for solvation of ions in nonpolar liquids. 254 nm, which increases the photoionization cross-section. When fitting
Furthermore, the use of either the van der Wamteefficient :)hrﬁit?:(;ay the two points affected by the REMPI enhancement were
or radii estimated by the Bondi method lead to reasonable '
calculated values dPy. occurs within approximately 10 nm of a two-photon resonance

Figure 6 illustrates a complication that arose when studying with an excited state at approximately 254 nm, which is labeled
benzene. In most cases, the samples studied have wide electronim Figure 6 as the REMPI (resonantly enhanced multiple photon
energy level spacing, reducing the probability of resonances with ionization) region. It is evident from the spectrum that there is
intermediate states. A two-photon resonance will increase theenhancement of the four-photon ionization resulting from a
overall photoionization cross-section. In the case of benzene,resonance with the electronic state at 254 %mwhich corre-
the predicted transition from the three- to four-photon region sponds to a two-photon wavelength of 508 nm. Figure 6 shows

@ Triethylamine

T T T v T T T
55 6.0 6.5 7.0 9.0 95 100 105 11.0

80

Benzene
Modified Sigmoidal Fit
xQ =498.15 nm

70

Born Prediction = 501 nm

I (mV)

60 4

igna

tion S

50 4

oniza

REMPI Region
40 4

5&0
Excitation Wavelength (nm)

460 480 500 540

Figure 6. fs-MPECS of benzene, fit to eq 3. The predicted value of
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that the three- to four-photon ionization transition occurs near In all but a few cases, the ionized species have very low
the REMPI region, and an increase in the four-photon signal is symmetry, and therefore symmetry selection rules play a very
observed immediately above the transition. small role in these experiments. The fact that the molecules are
. . being excited directly into the ionization continuum via a
Discussion nonresonant pathway (except for the case of benzene) also
The excellent agreement of the experimental data with the indicates that selection rules do not play a dominant role in
theoretical predictions of the BCS model motivates a few these experiments, due to the effectively infinite density of states
important points. First, the BCS model accurately describes thein the continuum and the high coupling between “allowed” and
energy difference between a solvated ion and a gas-phase iontforbidden” states.
(Ppol) in nondipolar solvents. This indicates that the simple point-
charge form of the BCS model is sufficient for the calculation Conclusions
of Ppo, and use of a more complex form for the mo#felvhich
takes into account the charge distribution of the solvated ion,
is not expected to be accompanied by a large improvement in
the predicted value of the liquid phase ionization potential.
Second, the validity of the BCS model for the ionization event

The measurements described in this work demonstrate that
the liquid-phase ionization potentials of pure liquids can be
determined without the use of extremely high energy photons
by using tunable femtosecond visible wavelength pulses. fs-
MPECS measurements can be performed without the need for
deep ultraviolet optics and high-energy photon sources. The
experiments are straightforward, involving detection of a well-
defined transition that can be easily fit to a modified sigmoidal
function. The concentration of ions in the space between the

of the solvent throughout the ionization process. That is, in the
case of nondipolar solvents the solvent dielectric constant
characterizes the response of the solvent to a fast variation in

the charge distribution of the species that is ionized. This | des is hiah h th d
observation is not unexpected in the case where the solvent®'€ctrodes Is high enough that conductance measurements
require very little signal manipulation. This method also provides

polarization energy is dominated by the solvent electronic X . ) o :
response. However, dipolar solvents may not exhibit the same@ techmque_ for_ preparing a transient high ion-density sample
low polarity liquids, which may be useful for the study of

agreement between experiment and theory, because solven!" . ! I -
polarization due to orientational reorganization is a much slower S!Vation dynamics around ionic species.
process, and the BCS model does not explicitly recognize the
temporal behavior of the solvent dielectric response. Of the
molecules in this study, only two have permanent dipole
moments, and of those, neither is larger than 0.9 D (triethy-
lamine,u = 0.9 D; tolueney = 0.45 D)3 Examination of the
data for toluene and triethylamine indicates that the dipolar
contribution of the solvent is sufficiently small and causes a (1) Casanovas, J.; Grob, R.; Delacroix, D.; Guelfucci, J. P.; Blanc, D.
negligible error in the prediction of the experimental value. ~ J- Chem. Physl981, 75, 4661. o o
Ag_r(_eement W_ith the BCS m_odel also ind_icates tha_\t under 'Fhe Rad(ig%. lcjﬁ)slg'rl%\;]aés&féég?g,zFéé.Sabattler, R.; Guelfucel, J. P.; Blanc, D.
conditions of this study (maximum laser field for this study is (3) Siomos, K.; Christophorou, L. Ghem. Phys. Letl98Q 72, 43.
~0.06 V/A), femtosecond multiphoton ionization is a pertur- (4) Siomos, K.; Kourouklis, G.; Christophorou, L. G.; Carter, J. G.
bative phenomenon and precludes the possibility of field Radiat. Phys. Cheni98Q 15 313.
ionization3® Field ionization, while not an issue for XUV 198&52303'8&05’ K.; Kourouklis, G.; Christophorou, L. Ghem. Phys. Lett.
ionization experiments, is possible with femtosecond pulses that ~ (g) ’Siomc.Js, K.; Kourouklis, G.; Christophorou, L. G.; Carter, J. G.
have fields on the order of 1 V/& which are sufficient to alter ~ Radiat. Phys. Chen1981, 17, 185. _
the energy level structure of the molecule. At these fields, the Rad(iQ E‘ﬁgoséh*;hg%lirigk'% G.; Christophorou, L. G.; Carter, J. G.
electrostgtlc termin the moleculgr Hamlltonla_n cannot be treated (8)' Kourouklis, G. A.: Siomos, K.: Christophorou, L. Ghem. Phys.
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