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The frequency-dispersed birefringence and dichroism of an electronically nonresonant liquid excited and probed
by ultrafast pulses in an optically heterodyned detected configuration is reported. The nominally putative
dichroic response of a transparent sample is shown to result fromπ out-of-phase contributions of Stokes and
anti-Stokes third-order polarization components on, respectively, the red and blue sides of the probe pulse
spectrum and are derived from CSRS and CARS type resonances. The strong corresponding nondispersed
birefringent response, in contrast, results from the in-phase combination of these Stokes and anti-Stokes
polarization components. Thus, by observing the dispersed probe pulse to the red or blue of the central
carrier frequency, the various density matrix components, or pathways in time evolution history, contributing
to either a dichroic or birefringent measurement may be more selectively viewed. The contribution of a
particular nuclear response is enhanced when the observed frequency within the probe pulse spectrum is
tuned to be either one quantum to the red or blue of the carrier frequency. This frequency-filtering technique
can be used to enhance weak features in the total response, allow the determination of isotropic and anisotropic
contributions to a nuclear response, and help probe the homogeneous and inhomogeneous character of the
low-frequency Raman active density of states commonly observed in these two-pulse responses of nonresonant
liquids. These effects are illustrated by the OHD birefringence and dichroism of CHCl3.

Introduction

The analysis of the impulsively excited low-frequency
responses of materials via the optically heterodyne detected
(OHD) birefringence (optical Kerr effect) or dichroism is a well-
established ultrafast spectroscopic method.1-18 The observed
electronic and nuclear responses can be described in terms of
the third-order nonlinear polarization of the sample. By
adjusting the phase of the local oscillator (LO), or read-out field,
to be eitherπ/2 out-of-phase or in-phase with the signal field,
the real or imaginary part of the complex third-order polarization
amplitude (P3) controls the observed signal response.1,9,10 These
two responses are respectively known as the OHD birefringence
or dichroism. This technique is essentially a standard femto-
second two-pulse experiment where the relative polarization
orientations of all four fields involved in the pump-probe (or
equivalently four-wave mixing) process have a particular well-
defined relative orientation and the relative phase of the LO
field is trivially controlled.1-18 In the absence of a LO field,
only a|P3|2 or homodyne signal is observed.9,10 For transparent,
i.e., electronically nonresonant materials, the OHD birefringent
(ReP3) response is much greater than the corresponding dichroic
response (ImP3). As previously described,9 the relative
magnitude of the nonresonant birefringence and dichroism
results from the constructive and destructive interferences
between the two density matrix time evolution histories that
contribute to these responses. Furthermore, in the usual crossed
polarizer configuration, the impulsively excited nuclear re-
sponses are proportional to the depolarized or anisotropic part
(ø1221) of the off-resonant inter- or intra-Raman scattering
tensor.9,10

The goal of nonresonant femtosecond pulse OHD birefrin-
gence studies has generally been to probe the nature of
intermolecular forces as revealed by the low-frequency responses
of materials.1-18 The Fourier transform of the OHD birefrin-

gence nuclear response, normalized by the pulse spectrum, is
essentially equivalent to the low-frequency Raman spec-
trum.9,10,18,19 Typically when ultrafast pulses are used to excite
and probe the OKE of transparent liquids, Raman-active
intramolecular modes on the order of the excitation bandwidth
and a generally lower frequency nuclear response, associated
with rotational reorientation and intermolecular degrees of
freedom, are observed. The relative weightings of these various
contributions to the nuclear response are determined by curve
fitting and Fourier transform procedures.4,5,7-17 Recently, OKE
determined spectral densities have also been employed in
calculations of electronically excited nuclear responses as
observed by time dependent fluorescence Stokes shift20 and
photon echo21 experiments.
In the studies reported here the probe pulse is dispersed and

hence the time dependence of frequency-selected portions of
the nonresonant birefringent or dichroic OHD responses are
viewed. This allows the contributing density matrix pathways
to be selectively observed. Consequently, in contrast to the total
(nondispersed) OHD birefringence and dichroism of transparent
materials, the frequency-dispersed dichroic response can be as
large as the dispersed birefringent responses. As the detection
frequency is tuned, the relative contribution of the different
nuclear components to the OHD response can be controlled.
Furthermore, since the nonresonant dichroic response can be
easily observed by probe pulse dispersion, the relative polariza-
tion constraints of the standard OHD configuration can be
relaxed, and thus both polarized and depolarized contributions
to the system response can be observed (see below).
In a previous study22 a frequency-resolved OHD dichroism

of a nonresonant liquid, alternatively called forward impulsive
stimulated Raman scattering (ISRS) in that report, was given
for two wavelengths on the red and blue side of the transmitted
probe pulse spectrum. However, we discuss and describe these
observations in a different and more general context here. A
third-order polarization treatment in a simple density matrixX Abstract published inAdVance ACS Abstracts,July 1, 1997.
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vibronic framework is given for the description of these
frequency-selected nonresonant OHD birefringent and dichroic
responses. In particular, this allows the four-wave mixing
processes responsible for the generation of these new polariza-
tion components, their pulse frequency dependence and the
relation between the birefringent and dichroic responses to be
further characterized.
Frequency selected dichroic responses of electronically

resonant samples, more commonly known as femtosecond
pump-probe transient absorption spectra, are often reported and
the effects of spectral filtering achieved by dispersing the probe
pulse can often be quite pronounced.23-30 Such frequency and
time resolution allows the wave packet evolution on the excited-
state surface to be observed. By proper choice of detection
wavelength, the relative contribution of low-frequency intramo-
lecular motions to the observed responses has been seen to be
greatly enhanced as compared to the corresponding response
observed when the total (integrated) probe beam is measured.26,30

The corresponding effects due to the observation of frequency-
selected OHD responses of a nonresonant material is illustrated
here by the birefringence and dichroism of chloroform. CHCl3

has two low frequency (260 and 370 cm-1) intramolecular
Raman active modes as well as a lower frequency intermolecular
Raman active spectral density. The nondispersed birefringence
and dichroism of impulsively excited CHCl3 has been previously
reported.9,10 Applications of this frequency dispersed technique,
which include the enhancement of particular nuclear contribu-
tions to observed ground-state responses, the determination of
isotropic as well as the anisotropic contributions to the low-
frequency nuclear response, and the separation of homogeneous
and inhomogeneous contributions to these liquid responses, are
discussed below.

Experimental Section

The OHD birefringence and dichroism were obtained in the
standard Kerr effect geometry with the sample and a quarter-
wave plate placed between crossed polarizers.1-18,31 15 nm
pulses (fwhh) with a pulse duration of∼60 fs (Gaussian pulse
assumed) centered at∼800 nm from a Coherent Mira Ti:
sapphire oscillator (76 MHz) were used to pump and probe these
nonresonant responses. In-phase andπ/2 out-of-phase local
oscillators were obtained, respectively, by rotating the analyzing
polarizer (after the sample) or input polarizer (before the quarter-
wave plate) in the probe beam path. Samples were generally
flowed through a 2 mmpath length cell. Homodyne contami-
nation of the OHD responses is removed by taking the difference
between the two signed senses of the local oscillator field, i.e.,
differences between rotation directions of the polarizers. The
probe pulse was dispersed by a 200 mm single (4 nm/mm linear
dispersion) monochromator and detected by a photomultiplier
tube. The pump pulse was chopped typically at 700 Hz, and
the signal in the probe pulse direction was lockin (SRS 850)
detected. The nondispersed responses shown here are obtained
by setting the monochromator grating(s) to total reflection, i.e.,
a wavelength setting equal to zero.
It should be noted here that an alternative method for injecting

an out-of-phase local oscillator for the observation of birefrin-
gent responses where the quarter-wave plate is rotated relative
to the input polarizer has previously been employed9,10and was
experimentally contrasted here with the above-described incident
polarizer rotation scheme. The phases of the dispersed intramo-
lecular mode contributions to the observed OHD birefringences
of chloroform clearly revealed that when the quarter-wave plate
was rotated relative to its fast axis, the observed response
contained both dichroic and birefringent contributions. This was

especially easy to discern in the dispersed OKEs, where
responses on the red and blue sides of the probe pulse were
observed. Only when the input polarizer before the quarter-
wave plate is rotated are the expected phase relations (see below)
obtained for the dispersed birefringent response across the pulse
spectrum. The error introduced by this quarter-wave rotation
method has been discussed previously in the context of
nondispersed OHD measurements.14,16

Theory

The OHD pump-probe signal detected at frequencyω2 and
interpulse delayτ is given by32

where the spectrum of the local oscillator field centered at carrier
frequencyΩ is defined by

and the Fourier components of the third-order polarization field
along the probe (k2) direction are correspondingly

TheP3(k2,t,τ) response arising from an impulsively excited intra-
or intermolecular Raman resonances on the ground electronic
state surface may be viewed in a vibronic representation as
arising from the contributions of two density matrix time
evolution histories pictured in Figure 1.9 Each vertical arrow
represents a bra (solid) or ket (dashed) matter-radiation

Figure 1. The two density matrix time evolution histories, labeled
pathways I and II that contribute to the electronically nonresonant OHD
birefringent and dichroic responses (within rotating wave and three-
level approximations) are shown. Solid and dashed arrows correspond
to bra and ket side matter-radiation interactions, respectively. Time
is increasing from left to right. The initial, virtual (nonresonant
intermediate), and final molecular levels are labeled i, e, and f,
respectively.

S(ω2,τ) ) -2 Im Ê*LO(ω2) P̂
3(ω2,τ) (1)

Ê*LO(ω2) ) (1/x2π)∫-∞

+∞
dt exp[-i(ω2 - Ω)t]E*LO(t) (2)

P̂3(ω2,τ) ) (1/x2π)∫-∞

+∞
dt exp[i(ω2 - Ω)t]P3(k2,t,τ) (3)
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interaction. Time is increasing from left to right. The number
of possible time evolution histories considered here is restricted
to paths I and II within a rotating wave approximation (RWA)
and where all off-resonant intensity is ascribed to a single
nonresonant level (three-level approximation). As already
discussed,9 path I is easily recognized as the density matrix time
evolution history that contributes to nonresonant spontaneous
Raman scattering (intensity level). In contrast, path II does not
result in a net change of population in the material and thus
contributes to coherent Raman scattering processes (CARS, see
below) at an amplitude level description.
If we treat the ground-state vibrational resonance (Ef - Ei )

ωv) as an exponentially damped (T2V) decay, neglect the
electronic dephasing of the nonresonant electronic level (e), and
take the pulse to have a transform-limited Gaussian shape (fwhh
) 2xln2τp), then the complex third-order polarization compo-
nents atω2, and interpulse separationτ, for the two density
matrix pathways are

κ is a constant that contains molecular transition moments and
incident pump-probe field strengths and pulse widths,∆ is the
off-resonance detuning from electronic resonance,ωei - Ω, and
G(Ω ( ωv - ω2) is a Gaussian defined by the Fourier transform

where we have assumed that the pulse duration is shorter than
the relaxation time of the nuclear coherence. Thus,P̂I

3(ω2,τ)
and P̂II

3(ω2,τ) have contributions that respectively peak on the
red and blue sides of the probe pulse spectrum. These OHD
polarization components are generated by coherent Stokes
(CSRS) and anti-Stokes (CARS) scattering-like processes33 (see
Figure 1) which are spatially overlapped as a result of the single
pump beam impulsive excitation. In the usual continuous-wave
CARS/CSRS configuration theω1 andω2 Fourier components
come from different beams that overlap with some finite
noncollinear angle in contrast to this experimental arrangement.
The OHD dichroic and birefringent signals detected atω2

derived from each density matrix pathway are

Ê2(ω2) is the probe pulse amplitude atω2. Thus, as previously
described,9 the relative phasing of the two density matrix
pathway contributions to the nonresonant responses results in
a dichroic signal which is 1-2 orders of magnitude weaker than
the corresponding birefringence when the total integrated (all
frequencies) pulse energy is observed. As eqs 6a,b reveal,
pathways I and II modulate the probe pulse spectrum on the
red and blue sides of the carrier frequency withπ out-of-phase
components (aside from a small energy denominator difference)
for the dichroism. The contribution of these two polarization
components Stokes and anti-Stokes to the carrier frequency are
in-phase for the birefringence (eqs 7a,b). However, when the
signal is frequency resolved, i.e., dispersed, the various pathways
contributing to the nonresonant dichroism or birefringence may
be independently observed. Consequently, both dichroic and
birefringent response will exhibit nearly equal signal strength
when these nonresonant polarization-dependent pump-probe
signals are dispersed.
When the material’s response is derived from a distribution

of nuclear responses, the OHD signals are given by a sum of
contributions of the type described above (eqs 6 and 7). Thus,
a given mode’s relative contribution to the OHD detected
responses should be a maximum when detected at the vibrational
frequency separation from the carrier frequency (ω2 ) Ω (
ωV). Consequently, dispersed OHD birefringences/dichroisms
provide a method for isolating or enhancing the contribution of
distinct types of nuclear motion to these nonresonant responses
and, potentially, helping to separate homogeneous and inho-
mogeneous contributions to the nuclear response function of
transparent substances. It should also be noted, however, that
these resonances will carry a width given by the probe pulse
field spectrum.
Finally, the nonresonant dichroic response derived from a

particular mode (eqs 6a,b) may be said to be due essentially to
the pulse “wagging” to higher and lower frequencies. This
qualitative description was given in an earlier analysis of
nonresonant pump-probe responses.22 In contrast, the corre-
sponding birefringent response derives from the probe pulse
energy at the detector increasing or decreasing at the frequency
of the mode due to the pulse “broadening” resulting from the
in-phase contributions of the CARS and CSRS polarization
components (eqs 7a,b).

Results and Discussion

Comparison of Total and Dispersed Responses.The total,
i.e., nondispersed, OHD birefringence and dichroism of CHCl3

Figure 2. The total (nondispersed) birefringence and dichroism of
CHCl3 excited by 60 fs pulses centered at 799 nm. The intensity of the
dichroism has been multiplied by a factor of 20.

P̂I
3(ω2,τ) ) -i κ

∆2
eiωVτe-τ/T2VG(Ω - ωV - ω2) (4a)

P̂II
3(ω2,τ) ) i

κ

∆(∆ - ωV)
e-iωVτe-τ/T2VG(Ω + ωV - ω2) (4b)

G(Ω ( ωV - ω2) )∫-∞

∞
dt exp[-i(Ω ( ωV - ω2)t]e

-t2/2τp

(5)

SI
dic(ω2,τ) ∝ Ê2(ω2)Im P̂I

3(ω2,τ)

∝
Ê2(ω2)

∆2
G(Ω - ωV - ω2)e

-τ/T2V cosωVτ (6a)

SII
dic(ω2,τ) ∝ -Ê2(ω2)Im P̂II

3(ω2,τ)

∝ -
Ê2(ω2)

∆(∆ - ωV)
G(Ω + ωV - ω2)e

-τ/T2V cosωVτ

(6b)

SI
bir(ω2,τ) ∝ Ê2(ω2) ReP̂I

3(ω2,τ)

∝
Ê2(ω2)

∆2
G(Ω - ωV - ω2)e

-τ/T2V sinωVτ (7a)

SII
bir(ω2,τ) ∝ Ê2(ω2)ReP̂II

3(ω2,τ)

∝
Ê2(ω2)

∆(∆ - ωV)
G(Ω + ωV - ω2)e

-τ/T2V sinωVτ (7b)
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excited by 60 fs pulses centered at∼800 nm are shown in Figure
2. Intramolecular modes of 260 cm-1 (e) and 370 cm-1 (a1),
in addition to low-frequency intermolecular modes, contribute
to this response as previously reported.9,10 The contribution of
the 260 cm-1 mode (128 fs period) dominates these responses
beyond∼500 fs. As shown here and noted in other studies,
the total birefringence is more than an order of magnitude larger
than the corresponding nonresonant dichroic response.1,9,10

Furthermore, in agreement with previous descriptions of OHD
birefringence and dichroism,9,10 a π/2 phase shift between the
birefringent and dichroic responses is observed, and the low-
frequency intermolecular modes are discriminated against in the
dichroic response as seen in Figure 2.
In contrast to the total OHD responses (Figure 2), the dichroic

and birefringent responses of CHCl3 observed when only a
portion of the probe pulse on the red and blue sides of the pulse
spectrum are viewed are shown in Figure 3. The dispersed
birefringence and dichroism of CHCl3 observed at 815 and 790
nm (4 nm band-pass) are displayed in this figure. The
contributions of the intramolecular modes to the birefringent
responses on the red and blue side of the carrier frequency are
clearly in-phase, while the corresponding contributions to the
dichroic responses areπ out-of-phase with respect to each other.
Furthermore, the frequency-selected dichroic and birefringent
responses exhibit a relativeπ/2 shift with respect to one another.
These observations are consistent with the theoretical description
given above (eqs 6 and 7). The usual total integrated dichroism
and birefringence results from the sum of responses with these
phase relationships across the entire pulse spectrum, and hence
the birefringence dominates the nonresonant OHD pump-probe
responses as compared to the corresponding dichroic signal.

Frequency Filtering Effect. When the impulsively excited
nuclear response contains contributions from several modes, the
contribution from a given mode may be selectively enhanced
by tuning the detection frequency to approximately a vibrational
quantum spacing from the carrier frequency as the theoretical
analysis above reveals (eqs 6 and 7). This effect is illustrated
in Figure 4 for three detection wavelengths on the blue side of
the probe pulse spectrum. As the monochromator is detuned
further from the carrier frequency, the relative contribution of
the 360 cm-1 mode to the 260 cm-1 mode increases as seen in
the dispersed dichroic responses at 790, 780, and 775 nm (4
nm band-pass) and the corresponding power spectra shown in
Figure 5. These wavelengths are detuned from the carrier (799
nm) by 140, 300, and 390 cm-1, respectively. The same
behavior is observed on the red side of the pulse spectrum.

A more dramatic example of this frequency-filtering effect
and the potential of this frequency dispersed technique to more
clearly expose components of the dichroism/birefringence that
are not evident in the total responses is shown in Figure 6. The
dispersed chloroform dichroism at 765 nm (bandwidth 4 nm;
Figure 6) has a very different appearance than the previously
displayed responses and, in particular, now shows evidence of
a much higher frequency mode than the 360 cm-1 mode. The
corresponding power spectrum, also shown in Figure 6, clearly
shows an additional component at 668 cm-1. This feature
corresponds to a well-known strong totally symmetric Raman-
active mode of CHCl3.34 It should be appreciated that this
corresponds to an impulsively excited feature which is nearly
3 times the excitation bandwidth, and it is not observed in the
singular value decomposition analyzed total (nondispersed)
dichroism or birefringence of chloroform excited by even shorter
(30 fs) pulses.9,10,35 This example makes it clear that extremely

Figure 3. The dispersed birefringence and dichroism of CHCl3 viewed
at 790 and 815 nm (2 nm band-pass). These wavelengths are on the
blue and red side of the probe pulse spectrum. The 815 nm responses
are offset for clarity.

Figure 4. Dispersed dichroisms of CHCl3 as a function of detection
wavelength; 790, 780, and 775 nm. The dichroisms have been offset
for clarity.
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weak features virtually absent in a total birefringence (or
dichroism) may be found or enhanced by this frequency-filtering
technique.
This probe-dispersing effect is different from the so-called

spectral filtering effect in OHD birefringence experiments
described earlier36 which is due to the finite bandwidth of the
pump and probe pulses. The finite bandwidth/duration of the
pump and probe will weight the relative amounts of different
nuclear components to the observed responses and hence
inherently “filter” the nuclear response. The pulse durations
play the same role here as well. In addition, it should be noted
that the finite probe bandwidth affects the resolution of spectral
features as eqs 6 and 7 indicate.
Observation of Polarized (ø1111) Component. Due to the

crossed polarizer configuration normally employed to obtain
OHD birefringence (dichroic) responses only the anisotropic
(ø1221or ø1122) component of the Raman-active nuclear response
contributes to the observed signals.9,10 However, due to the
inherent in-phase character of the dichroic local oscillator, the
pump and probe beams can be oriented with any relative
orientation in order to observe a dichroic response. When the
polarization vectors of the pump and probe pulses have a parallel
orientation only a very weak CHCl3 dichroic response, which
displays no obvious nuclear contributions, is obtained when the
integrated probe beam is observed (see Figure 7). This response
is obtained here by sending the probe pulse to the monochro-
mator and tuning the monochromator wavelength setting to 0
nm, i.e., total reflection. Regardless of the relative polarization
orientations of the pump and probe pulses an extremely weak
dichroic response is obtained due to the cancellation of path-
dependent polarization contributions on the red and blue side
of the probe pulse as described above. However, when the
monochromator is subsequently tuned to a wavelength within
the probe envelope, theø1111 response is readily obtained as

demonstrated in Figure 7 by the chloroform dichroism detected
at 780 nm. The signal is quite evident despite the necessarily
large dc level it sits on in contrast to the typical near null
background OHD experiments. Thus, one potential application
of this method is that the polarized (ø1111) as well as depolarized
or anisotropic (ø1221 or ø1122) scattering tensor elements may
be observed via OHD dichroisms. In summary, this polarization
flexibility is possible because the local oscillator does not have
to be phase-shifted with respect to the probe pulse in order to
observe nuclear responses via dichroic measurements, as
required for the OHD birefringence measurements, and the
dichroism is easily observed when frequency resolution is
employed.

Figure 5. Power spectra of dispersed dichroisms of CHCl3 shown in
Figure 4. The power spectra have been offset for clarity. Figure 6. Dispersed dichroism of CHCl3 cenetered at 765 nm and the

corresponding power spectrum.

Figure 7. The total (nondispersed) and dispersed dichroisms of CHCl3

centered at 780 nm.
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Theø1111andø1221dichroic responses at 780 nm (4 nm band-
pass) and the corresponding power spectra are compared in
Figures8 and 9. As can be seen in these figures the 360 cm-1

is much more evident in the polarized (ø1111) than the depolar-
ized (ø1221 or ø1122) signals as anticipated on the basis of the
symmetry of these modes. The 260 and 360 cm-1 mode are
respectively nontotally (e) and totally symmetric (a1) modes.

Conclusions

The observed dispersed femtosecond OHD birefringence and
dichroism of chloroform demonstrates the relative phasing of
the path-dependent contributions to the total nonresonant
responses. These responses are in agreement with the three-

level, RWA density matrix description given here. The relative
phasing of the third-order polarization components derived from
CARS (red side) and CSRS (blue side) four-wave mixing
processes, accounts for the large birefringent and weak dichroic
response found for transparent materials in the usual nondis-
persed OHD configuration. The different density matrix
pathways contributing to the OHD birefringence and dichroism
can be selectively enhanced by frequency resolution of the probe
pulse. By frequency resolving the probe beam in the dichroic
configuration, dichroisms as large as birefringences are ob-
served. This frequency “filtering” destroys the nearly perfect
destructive interference that usually results in the putative
dichroism of electronically nonresonant materials when the
integrated probe energy is observed. The birefringent and
dichroic signals may be said qualitatively to result from the
“wagging” or “broadening”, respectively, of the probe pulse
spectrum at the frequency of the Raman-coupled nuclear motion.
The contribution of a particular nuclear motion to the OHD

response can be enhanced by observing the dispersed response
at a frequency detuned from the carrier frequency by the
vibrational quantum of interest. This technique is shown here
to allow observation of an impulsively excited nuclear response
(668 cm-1) at nearly 3 times the pulse bandwidth (∼230 cm-1)
to be observed. Furthermore, since frequency resolution affords
the measurement of the imaginary part of the complexP3

amplitude via the transient dichroism, isotropic as well as
anisotropic response functions may be determined as shown here
by this frequency-filtering technique. This study also points
out that although the solvent contribution to the dichroic
response of a resonant solution (an electronically resonant
chromophore in a transparent solvent) will generally not exhibit
solvent contributions,9 this may not be the case when frequency
resolution is employed in a resonant pump-probe experiment.
However, probably the greatest opportunities afforded by this

technique is to find or enhance nuclear response features not
evident in a total birefringence of a transparent material and to
address the issue of homogeneous or inhomogeneous contribu-
tions to the observed low-frequency responses. As has been
discussed previously,37,38the decays of density matrix elements
created at second order cannot by themselves be assigned to
homogeneous or inhomogeneous character via pump-probe
experiments since only one time interval is employed. However,
when frequency resolution is added to these nonresonant two-
pulse studies, the two-dimensional character of the observed
responses may be viewed as a type of two-time probe interval
technique. This principle is crudely demonstrated here where
the relative amounts of the 260, 370, and 668 cm-1 modes of
chloroform are shown to be dependent on the choice of probe
pulse frequency. The frequency filtering undercuts the “inho-
mogeneous breadth” of the total nondispersed birefringent
response at least due to the intramolecular responses. Studies
exploiting this aspect of dispersed OHD dichroism and the
observation and enhancement of weak or barely evident features
in total birefringence of nonresonant samples, particularly with
respect to the low-frequency Raman-active subspace, are
currently underway. In addition, a more complete treatment
of the dispersed nonresonant OHD responses which neglects
the rotating wave approximation, treats finite temperature effects
and includes more complicated vibrational response functions
will be given elsewhere.
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Figure 8. Comparison of polarized (ø1111) and depolarized (ø1221)
dichroisms of CHCl3 centered at 780 nm.

Figure 9. Power spectrum of polarized dispersed 780 nm dichroism
of CHCl3.
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