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Abstract

A family of bis salicylamine diamino metallo-Schiff-base
compounds synthesized by Warren Miller was spectroscopically
characterized. Excitation coefficients showed a strong dependence on
metal strength of donor substituted on the salicylamine, and presence of
strong acceptors on the diamino portion of the ligand. Fluorimetry
experiments were performed with an interferometer based instrument.
[N,N’,N”,N"”-tetra(4-diethylaminosalicylimine)-1,2,4,5
tetraaminobenzene]Zn(Il)z2, a compound containing both acceptor and
donor moieties showed a bi-mechanistic electron transfer in solution
with Ceo. Photoinduced absorption through step-scan spectroscopy yields
quantum efficiencies for the solvated ions for both pathways of 21.6%
and 21.5% respectively. A new kinetic treatment is shown for separating
these embedded signals of the two pathways in order to obtain their
efficiencies.




CHAPTER 1
INTRODUCTION

Franken discovered‘ in 1961 that a quartz crystal could double the
frequency of a ruby laser. 1.2 This phenomenon, termed second harmonic
generation (SHG), is a result of the nonlinear optic (NLO) properties of
the quartz crystal. Any medium that changes an electromagnetic field as
it passes through it in terms of phase, frequency, amplitude, or
polarizétion is considered an NLO material.3 The nonlinear response of a
compound is depicted in the equation,

p=caE +,6'E2 +7/E3 o)
where E is electronic field strength, o is the linear polarizability, B is the
first nonlinear hyperpolarizability and vy is the second molecular
hyperpolarizability. Field change occurs due to compounds having an
instantaneous electron density displacement (polarization).3 Termed
hyperpolarizability, this displacement is the indication of a compound’s
readiness to “switch on” its second order nonlinear absorption.* Such
materials have evolved virtually hand-in-hand with lasers since the
introduction of the coherent light source in 1960.! The discovery of NLO
compounds correlates to the introduction of lasers due to the relatively

high electric field needed to cause hyperpolarization within the material.
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Exploration of inorganic NLO materials as the only compounds
exhibiting nonlinear behavior continued into the 70’s. With the interest
in NLO compounds expanding for use with laser doubling, mixing and
even tripling, new inorganic crystalline compounds were sought. While
inorganic NLO crystals have desirable properties such as good thermal
stability and being relatively easy to machine, they are expensive and
have a relatively low hyperpolarizability per formula unit and thus
require strong fields to generate a nonlinear response. This response led
lead to exploration of organic compounds in a quest to generate larger
hyperpolarizabilities.

Organic compounds relieve some of the disadvantages and
shortcomings found in inorganic crystals but also introduce some
inherent new ones. Organic NLO materials, first investigated in-1970 and
later reintroduced in a polymer form in 1976, have a surprising increase
for the second order hyperpolarizability term over that of the traditional
inorganic crystals.! Organics éhow a real sense of optical “tradeoff” in
the visible region, with the delocalized = electrons helping by increasing
the NLO response, but hindering by introducing strong linear absorption,
sometimes in regions of desired transparency.® The organic compounds
tend to have lower manufacturing cost, enhanced NLO properties over a
broad frequency range, synthetic flexibility, high optical damage

thresholds, and intrinsic tailorability.® However, with these advantages
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come volatility, low thermal stability, mechanical weakness, and a strong
aversion to form bulk crystals.2.3

Scientists however continue to make advancements in the organic
NLO field, increasing the possibility of suitable compounds. To further
improve on organic NLO compounds, Frazier in 1986 produced the first
organometallic complex for NLO study.25 This introduced a marriage
between the organic large second order term and that of the inorganic
stability. The combined effect is further increased by the open shell
nature of the complex and the ability to fine tailor the compounds
involving different transition metals or organic moieties.

In 1987 Green introduced the first NLO useful organometallic
complex.#56 Organometallics, and Schiff-bases in particular, possess
several properties that indicate potential utility for NLO applications and
optical properties in general. Transition metal complexes are some of the
most highly colored compounds known which indicates low energy, high
dipole change transitions. These transitions often involve significant
charge transfer (CT) from the metal to the ligand or vice versa. (Organic
systems with low energy, high CT character have been shown to have
strong non-linear optical properties suggesting the potential for the
organometallics.) Organometallics also have the advantage of having a
larger number of structural variations available. The organic ligand can

be functionalized with strong electron donors (D) and acceptors (A) to
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construct D---A, “push-pull” systems analogous to organic systems
which have been successfully engineered for higher B values.? In
addition, the metal center can be varied and can play a role as an
electron donor (electron “rich” metals) an electron acceptor (electron
“poor” metals) or as part of the highly polarizable, conjugated bridge
between other donor or acceptor groups.® Variation of the metal also
permits synthesis of compounds with an open shell electronic
configuration which one study indicated may enhance nonlinearity.® This
open shell enhancement of the hyperpolarizability was attributed to a
larger number of accessible, low-lying CT states. The Schiff-base also
exhibits favorable thermal stability, with decomposition temperatures of
300°C and above in some of the NLO active materials.®

The organometalic compounds display propertiés of general
interest for optical applications. The strong and highly tunable
absorption bands indicate possible utility as sensitizers for fluorescence
and dye laser applications. Highly conjugated organic systems
functionalized with multiple electronic donating groups that have been
found to be good electron donors in photoinduced electron transfer (PET)
were previously investigated in the Lee Spangler research group. The
ability to functionalize the Schiff-base ligand and change the possible
redox activity of the metal center make this class of compounds

intriguing for intermolecular PET studies. In dilute solution, the diffusion
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rate and the lifetime of the excited photoinitiator limit intermolecular PET
studies. The presence of the heavy atom may increase spin orbit coupling
and enhance formation of long-lived triplet states. These states provide
two advantages for intermolecular PET in dilute solutions: they do not
appreciably decay before diffusion limited collisions occur and an
electron transferred from a triplet state results in a state for which
geminate recombination is spin-forbidden which should increase ion
yield. The fluorescence properties of these compounds are relatively
unexplored and not directly mentioned in the bulk of the NLO literature
on Schiff-bases, although the experimental section of one paper
mentions a red solution yielding dark blue crystals. 10 And finally the
existence of low-lying, strongly absorbing CT stafes in combination with
high hyperpolarizabilies suggest the possibility of strong two photon
absorption and the possibility of sequential absorption that could
produce optical limiting.

Schiff-base compounds introduced new flexibility in geometry due
to the metal centers and a high order of tuning with the organic moities.5
.These highly conjugated systems possess chirality due to their
noncentrosymatic configuration allowing for the growth of NLO active
crystals.5!1 Organometallic Schiff-base complexes are speculated to
produce a higher nonlinear response in comparison to a solely organic

chromaphore, and at the present time come close to doing so.? The metal
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ligand interaction is thought to increase the conjugation in the excited
states between the acceptor and donor moieties. The organometallic bond
creates a cage at the center of the organic chromaphore which improves
the thermal stability of the compound by stabilizing the chelate ring
structure. This central metal acts as a = conjugate bridge between the
electron donating and electron accepting moieties of the compound
(donor-metal-acceptor).# Although the NLO effect is largely enhanced by
the Schiff-base conjugation, the ground state absorption is dominated by
the organic chromophore.10 Metal also improves the thermal stability of
the compound by stabilizing the chelate ring structure by bonding to the
organic ligands through a c-7 interaction. 412 When a low d metal is used
it acts as a bridge for the acceptors. High d metals bridge with the
donors. ¢ A high degree of configurable geometry is due to the increasing
number of bonds between the metal and the ligands, which are flexible
through the n delocalization.6 These weak bonds between the ligands
and metal center are what induce the bridgihg properties exhibited by
the metal.5 Any elongation of this delocalized system results in increased
hyperpolarizability and so increases NLO response. 5

Schiff-base complexes absorb intensely in the ultraviolet due to the
metal d-d* and ligand n-n" transitions around 300-400nm.* Longer
wavelength absorption intensities take on the character of the organic

ligand and show effects of solvatochromism due to interactions with the
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metal.4 The metal-ligand bridge also increases the overall intensity of the
ligand band shape with more apparent effect toward the red side of the
visible range. These lower transitions in nearly all organometallics occur
in the visible region reducing the “transparency window”.3 This delicate
balance between strong second order absorption and obtaining a large
transparency window in the visible region once again reiterates the NLO
tradeoff. Scientists now can produce donor and acceptor moieties with
varied conjugation that when attached to various transition metals can
produce distinct NLO properties. Potentially, with known ligands and
compound arrangements, scientists can predict Schiff-base structures
that will yield high second order responses. Organometallics offer a
multitude of compounds, which have a diversity of oxidation states (e.g.
hyperpolarizability), with low energy transition states (from metal-ligand
bond), = delocalized systems, and easy crystal packing (due to chiral
center).

Because of the potentially strong NLO response of organometallics,
the metallo-Schiff-bases have generated interest. But aside from linear
absorption and electric field induced second harmonic generation (EFISH)
experiments, very little optical characterization has occurred and for a
relatively small number of compounds. The Spangler group, interested in
a series of novel Bis salicylimine diamino metallo-Schiff-base

compounds designed by Warren Miller for NLO properties, has devoted
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time to characterize the linear optical properties of the compounds with a
nonlinear examination to ensue. Design aspects of such compounds for
the use of NLO materials correlate directly to systems rich in applications
for eleptron transfer since both acceptor and/or donor moieties appear in
their configuration. 13.10 With proper characterization of the linear
absorption, useful iﬁformation on the Schiff-base compounds and their
possible design aspects may be found other than by simply performing

nonlinear experiments.




CHAPTER 2

GROUND STATE SPECTROSCOPY OF SCHIFF-BASES

Absorption

Absorption spectra of the Miller compounds yield the ground state

to excited state transitions. These interactions will indicate the best

frequencies for pumping when exploring other attributes of the

compounds and can also be used to examine the analyte’s optical

properties through pump-probe methods.

Experimental

Warren Miller designed and synthesized the Bis salicylimine

diamino metallo-Schiff-base compounds investigated in this thesis. The

absorption experiments were performed with a Shimadzu (UV-2401pc)

spectrophotometer. The compounds investigated are shown in Fig‘ure 2- |

1, and the formal names are provided in appendix A. These metallo-

Schiff-base complexes
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contain multiple diethylamino (strong donor) and cyano (acceptor) groups

in an organic ligand which encases a transition metal.

Results and Interpretation

In order to investigate the effects of a number of structural
parameters on the ground state absoriotion behavior, a variety of Bis
salicylimine diamino metallo-Schiff-bases were synthesized (by Miller)
and measured. The compounds are shown in Figure 2-1 (formal names
are provided in appendix A) and are designed to eXplore effects of varying
the metal, conjugation length, and donor/acceptor substitution on the
ligand.

The structure labeled GRB1-11-1 serves as the reference
compound for the rest of the analogs. This compound was previously
reported by Di Bella and co-workers as having a high hyperpolarizability
(although the absorption spectrum was not shown) and was identified by
Miller as a fluorescent species from a statement within the Di Bella paper
noting that in purifying the sample blue crystals were obtained from a
red solution.”” The absorption spectrum obtained in this work strongly
resembles the literature spectrum of the nickel Bis salicylimine diamino
metallo-Schiff-base (NiL). The spectrum of the ligand itself (HzL), also

reported by Di Bella and co-workers closely resembles that of the metal
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containing species with two exceptions, 1) NiL exhibits an additional

peak at ~250nm absent in HoL that is presumably due to a metal-ligand

(M-L) charge transfer band and 2) the ZnL spectrum is red-shifted by

~15nm. These ligands contain strong donor (diethylamino) groups at the

ends of the molecules as well as strong cyano group electron acceptors

near the center of the molecule (and near the ethylenediamine metal

chelating site). Ground state extinction coefficients for these Bis

salicylimine diamino metallo-Schiff-bases are listed in Table 2-1.

Compound Wavelength (nm) € (L mol-! cm-1)
GRB1-11-1 590 44,900
GRBI1-11-2 566 3,200
GRB1-11-3 602.5 15,500
GRBI1-11-4 554 29,300

GRB1-15 528 11,700
GRB1-17 512 1,400
GRB1-19 440 47,400
GRB1-21 587 7,700
GRB1-23 586 29,700

(Table 2-1) Ground state extinction coefficients for Miller compounds.

Metal Center Substitution. The effect of metal substitution is

shown in Figure 2-2, which shows Zn?2*, Ni2* and Cu?* all chelated by the

same “push-pull” ligand. The spectral bands display very similar

wavelength and shapes, but intensities vary dramatically. The ZnL

absorbance is 1.5 times as intense as NiL and a factor of 6 larger than

CulL. The close resemblance of the band shapes and wavelengths
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Ligand Donor Substitution. The previous series of compounds

indicated that ligands containing strong donors and acceptors dominate
the low frequency spectrum of the metallo-Schiff-bases. We now compare
a series of molecules containing the same metal (Zn, which exhibits the
highest molar absorbtivity) but with varying donor groups on the same
ligand structure. GRB1-11-1 (diethylamino) GRB1-11-4 (methoxy), and
GRB1-11-2 (H) are a series with decreasing donor strength, and their
spectra show a corresponding decrease in intensity with the H
substituted compound being dramatically weaker (Figure 2-3). The
diethylamino is red-shifted by ~12.5 nm from the methoxy compound
indicating slight solvochomism in the oscillator strength. Also shown for
comparison is GR1-11-3 which has a napthal instead of phenol
extending the conjugation in the molecule. Its spectrum shows a red shift
slightly greater than the diethylamino likely due to the larger conjugated
system in the ligand. The molar extinction is intermediate to the H and
methoxy substituted compounds consistent with the fused ring being a
weak electron donor, but obviously stronger than hydrogen. This series
of compounds illustrates that both absorption frequencies and intensities
can be engineered in “push-pull” metallo-Schiff-bases in the same way

conjugated organic “push-pull” systems are.
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groups generated a more significant red shift. Additionally, the Di Bella
work along with Figure 2-3 and 2-4 suggest that the electron acceptors

have a stronger influence than do the donating groups.

Dimeric Metallo-Schiff-Base. In addition to the three series of

compounds synthesized to address the effect of the metal, the donor
substituent, and the placement of the acceptor groups, a dimeric Bis
salicylimine tetramino metallo-Schiff-bases was made. This compound
uses 1,2,4,5-tetramino benzene at the center of the structure to help
chelate two metal atoms (Figure 2-5). This central benzene replaces the
strong cyano acceptor groups present in the rest of the molecules studied
here. The rest of the ligand resembles a dimeric version of GRB1-11-1
with four diethylamino groups in pendent positions. The resulting
structure is somewhat analogous to a 4-armed, low generation dendrimer
with pendent electron donating groups. Conjugated low generation
organic dendrimers with all donor substituents (as opposed to “push-
pull” donor-acceptor substitution) have exhibited high two photon cross-
sections.” In spite of the potentially much larger conjugation system in
the dimer, the absorption is significantly blue-shifted compared to the
rest of the compounds. This is probably at least partially due to absence

of a strong accepting group in the structure. Additionally the spectrum
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development and for optical characterization of the strongly erﬁitting
Schiff-base compour;ds.

The basic configuration of a fluorimeter consists of broadband light
source, an excitation wavelength selector, a sample chamber, an
emission wavelength selector, and a detector. In addition to the
straightforward absorption and emission spectra, these components
permit measurements of a three-dimensionai total excitation-emission
spectrum. In conventional fluorimeters, monochromators are used for
both the excitation wavelength selection and the emission wavelength
selection (with the latter sometimes replaced with a spectrograph
utilizing an array detector). For this work, use of a Michelson
interferometer for emission wavelength discrimination in total excitation-
emission spectroscopy (EES) was explored (or conversely, excitation

wavelength selection in excitation spectroscopy).

Michelson interferometer

As depicted in Figure 2-6, a Michelson interferometer uses a
beamsplitter to send the light down two arms of the instrument; one with
a fixed mirror, thé other with a movable 'mirror. When the light
recombines at the beamsplitter, half of the light is turned toward the

detector, and the other half is directed back at the source. Beamsplitters
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S(x) = K¢z cosS (g
where K is detector response factor and ¢y is the actual spectral
intensity. A plot of S(x)vs. x, will yield intensity as a function of mirror

position. This is known as an interferogram. Displacement of the mirror
is directly related to the maximum resolution giving

_ 1
(Av)theoretical = ( Ax) (3) 1

max imum-movement

Changing mirror position will cause a wavelength periodically to interfere
with itself when recombining in the dielectric media of the beamsplitter.
For the case of a single wavelength this produces a sinusoidal pattern
due to phase shift depicted in Equation 1. When multiple wavelengths
are passed through the interferometer the sinusoidal waves resulting
from each frequency combine to create a centerburst in the
interferogram. The broader the frequenéy range passed through the
system, the narrower the centerburst will become; this is called the
inverse relation.

Using Fourier transform, an interferogram produced from a signal

given by Equation 2, can be converted into a spectrum,

by = [SC)cos@)d o
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Interferometer based fluorimeter

A comparison of interférometer properties to those of a
monochromator indicates some advantages that may be applicable to
fluorimetery. In a monochromator high resolution requires a narrow slit,
which directly limits throughput and results in a very narrow spectral
bandpass (hence the name), which also limits intensity. The
interferometer resolution is primarily dependent on maximum mirror
displacement instead of aperture size providing a throughput advantage
over monochromators. A second benefit, termed the multiplex advantage,
results from the fact that an interferometer passes all wavelengths (over

the beamsplitter’s operational range) simultaneously.

Excitation Spectroscopy

Interferometer use was tested in two different operating modes of
the fluorimeter. The first was excitation spectroscopy (Fig. 2-7), where an
emission monochromator is set to a known luminescent wavelength of
the sample. In a conventional system, the emission intensity is
monitored a;c a fixed wavelength as a function of the excitation

monochromator wavelength, which is scanned. Because emission must
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be preceded by excitation, this provides an indirect measurement of
absorption. In the conventional system, the slit width and narrow
bandwidth limit the amount of light available for sample excitatign. If an
interferometer is used for excitation, multiple wavelengths impinge on
the sample simultaneously but each will be modulated at a unique
frequency by the mirror motion. The emission intensity is also modulated,
but in a way that corresponds to the absorption wavelength’s frequency.
(This is illustrated by considering a case where the absorption spectrum
is a single frequency. The broadband light is moduiated in a complicated
fashion, giving rise to a “centerburst” type of interferogram, but the
single wavelength that gets absorbed is modulated sinusoidally. Hence,
the excitation is sinusoidally modulated and the emission is 'sinusoidally
modulated at the absorption frequency.) In a sample that absorbs
multiple wavelengths, excitation occurs with all wavelengths |
simultaneously resulting in stronger pumping and stronger emission.
This stronger emission signal should improve signal-to-noise and can
permit use of detectors without internal gains. Figure 2-7 shows a three
dimensional excitation spectrum comprised of Pta(pop)a*- two
dimensional spectra probed at an emission wavelengths ranging from

400-800nm.
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Excitation-Emission Spectroscopy

The second operating mode that was tested was total excitation-
emission spectroscopy (EES). In a conventional instrument the technique
is performed by fixing the excitation monochromator, scanning the
emission spectrum with the second monochromator, stepping the
excitation to a new wavelength, scanning the emission monochromator,
and repeating. The resulting data set is three-dimensional, providing
emission intensity as a function of both excitation wavelength and
emission wavelength.

For the EES operating mode, the interferometer is substituted for
the emission monochromator providing throughput and multiplex
advantages as well as rapid scanning and an inherently modulated signal
(which reduces 1/f noise). Automation of the excitation monochromator
step - emission interferometer scan sequence was performed by use of
TTL pulse handshaking between an Acton NCL controller (controlling an
Acton 0.25m SpectroPro monochromator) and a Bruker IFS 66
interferometer. Interferometer scan parameters, such as resolution,
number of scans, etc, as well as handshaking were controlled using a
macro written in Bruker’s proprietary software, OPUS. The two emitting

Schiff-bases, GRB1-19 (G19) and GRB1-11-1 were both investigated
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diagonal “streak”, more visible in the topographical view, is due to the
scattered excitation light and provides a reference line where excitation
and emission frequencies are equal. Because emission is lower frequency
than the excitation, the peak will be on the Vem<Vex side of the scattered
light diagonal. Two-photon absorption, unlikely at the low excitation
energies available with broadband sources through a monochromator, '
would result in a peak on the other side of the diagonal. Artifacts, such
as second order excitation fhrough the monochromator, or aliasing in the
interferometer could also result in peaks on the other side of the diagonal.
The EES of GRB1-11-1 in shown in Figure 2-10. The excitation
profile matches the absorption spectrum shown in Figure 2-2 (albeit at
lower resolution). The emission profile is much narrower indicating
efficient relaxation of the higher electronic states into the lowest
electronic state following Kasha’s rule. Of interest in this spectrum is the
weak peak at vex= 470 nm, vem= 19699.81 cm-!. Because this transition
is completely overlapped by other, stronger absorptions it is not
detectable as a separate transition in a standard absorption spectrum.
Because it requires a different excitation frequency than the dominant
peak, it would likely be overlooked in standard emission spectroscopy as
well. Since this peak does not emit when the sample is pumped at the

GRB1-11-1 absorption wavelengths it is due to either avery uncoupled
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CHAPTER 3

EXCITED STATE SPECTROSCOPY OF A SCHIFF-BASE

Extinction Coefficient

G19 exhibits an excited state (denoted by *) absorption feature
around 973 nm. Characterization of this peak for complete
understanding of the compound is useful; moreover its extinction
coefficient is required to determine the concentration used in electron

transfer calculations.

Experimental, Bleaching Method

A broadband continuous xenon arc lamp was focused through the
sample cuvette. The refocused arc lamp was aligned on the slit of an
Oriel (model 77200) monochromator (Figure 3-1). The monochromator
uses two gratings (Oriel 77244 200 L/mm 600-2200nm, Oriel 77230
2400 L/mm 200-600nm) in order to cover the entire spectral range
needed for both bleaching and PIA measurements. A Coherent Infinity

Nd:YAG laser produced a 2 mJ ~7 ns pulse (50 Hz) at 532 nm that was
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quasi-coaxial with the broadband light path, illuminating the sample at
one of the focal points. The signal out of the monochromator was
collected by a Hamamatsu R8105 side-on PMT detector and recorded by
a Tektronix (model TDS784c) oscilloscope. The PMT is powered by a
Thorn (PM288/2/4) EMI high-voltage supply, and a Stanford Research
Systems amplifier (model SR445 DC-300MHz) enhances its signal. A
depiction of the experiment can be seen in Figure 3-1. Depending upon
the experiment performed, various bandpass filters were used to
eliminate the scattered laser light from entering the monochromator, and
an average of 10,000 pulses were used to generate the data.

Ceo at 99.9% purity, obtained from Aldrich and Texas Fullerenes,
was used without further purification in experiments requiring an
electron acceptor. Samples were deoxygenated by bubbling an inert gas
(nitrogen or argon) through the solution for 10 minutes.

To find the extinction coefficient for G197, the population in the
excited state and the related relativ¢ intehsity due to that popuiation
must be found. We can calculate the population in the excited state by
determining depletion in the ground state pdpulation through observing
the standard absorption intensity drop (bleaching) along with using the

previously calculated ground state extinction coefficient. Along with PIA
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Results & Interpretation

Bleaching experimehts were performed the GRB1-19 compound in

order to calculate the excited state molar extinction coefficient. Wh(?n v,
equals that of voltage due to the white light, and V,, equals that of white
light voltage directly following a laser pulse, then

Viw =rwl
and

V,=y T=1e™T (

where y is the signal, I is the detector response, m is the ground state

concentration, and n is the excited state concentration. So,
Vi = Le s
giving,

ln——Vi =—-enl (4

Viw
With the voltages calculated as a ratio in this way no calibration of the

detector is needed because all issues involving detector response are
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where gground is the ground state extinction coefficient and epa is the
desired excited state extinction coefficient. From these bleaching
experiments the excited state extinction coefficient of GRB1-19 was

calculated to be 31,800 L. M-lcm-!.
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CHAPTER 4

ELECTRON TRANSFER INVOLVING A SCHIFF-BASE COMPOUND

Schiff-base electron transfer

Electron transfer is the most fundamental of chemical reactions
and is the vital mechanism in many interesting processes. Perhaps the
most important and widely known photoinduced electron transfer (PET)
process is photosynthesis.16 Synthetic PET systems are of interest for a
variety of applications such as data storage, energy storage, and optical
limiting.17 With a wealth of applications, the study and synthesis of
compounds with the ability to perform PET is an attractive endeavor

within the field of physical chemistry.

Experimental, PIA Methodology

The Michelson interferometer normally acquires data in rapid-scan
mode. In this mode the movable mirror is translatéd in a continuous
fashion, and data acquisition is triggered at the zero crossings of the sine

wave generated by the interference of a reference HeNe laser with itself.
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Signal averaging can be accomplished through cycling the mirror with
this rapid acquisition creating an interferogram with high signal-to-noise.
Rapid scanning is controlled by an internal clock and difficult to
coordinate with an external laser pulse.

In order to perform time-resolved, photoinduced absorption
spectroscopy, it is necessary to synchronize the acquisition of the
interferogram with the photo-initiating laser pulse. In order to
accomplish this, the interferometer can be operated in a step-scan mode.
As the name implies, this mode positions the moving mirror in a step-
wise fashion, placing it at a HeNe zero crossing and holding it there while
data acquisition is triggered by an external instrument. For completely
time-resolved spectroscopy, an entire transient signal is acquired at a
mirror position by using a transient digitizer. The mirror position is then
stepped to a new position, fixed, and a new transient is recorded. This
process is repeated for all mirror positions yielding a data set of intensity
vs. mirror position and time. In order to improve signal to noise,
multiple transients can be signal averaged at each mirror position. At a
given time-slice, the data across all mirror positions can be Fourier
transformed to yield a spectrum at that time. The result is a series of
interferograms which can be manipulated to form spectra evolving with

time.
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