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examines the general trends of the rate constants for diffusion limited forward and reverse electron
transfer of novel organic donor molecules in solution with C60, a known electron acceptor. It also
looks at the quantum efficiency of the formation of solvated ions calculated via their maximum
absorbance and through a new method of determination involving an isobestic point. The quantum
yield efficiency of C60 triplet quenching is also calculated and an attempt to reconcile the difference
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ABSTRACT

The wide use of lasers and their potential as a harmful device has created a need for
ways to intelligently block these intense light sources called optical limiters. Reverse '
Saturable Absorption (RSA) has been targeted as a type of non-linear process that can result -
in optical limiting. This research focuses on achieving RSA through the formation of _
transient charged species such as polarons and bipolarons via photo induced charge transfer.
In order to effectively engineer materials for this application, it is important to gain an
understanding about the structure-property relationships that exist among the molecular
systems as well as the processes occurring after photoexcitation. This thesis examines the
general trends of the rate constants for diffusion limited forward and reverse electron transfer
of novel organic donor molecules in solution with Cgo, a known electron acceptor. It also
looks at the quantum efficiency of the formation of solvated ions calculated via their
maximum absorbance and through a new method of determination involving an isobestic
point. The quantum yield efficiency of Cep triplet quenching is also calculated and an attempt-
to reconcile the difference between this yield and the yield of solvated ions is presented.




" CHAPTER 1
INTRODUCTION
Optical Limiting

The introduction of the laser has revolutionizéd optical s-cience and everyday life
as well. Along with its beneficial applications in areas like medicine and research, come
its unfortunate dange;,rs. Lasers can be a high powered and destructive tool with the
capability to easily blind or destroy optically sensitive materials such-as detectors vor eyes.
Therefore, important research is being performed with the goal of dev.eloping moré
intelligent ways to block high-powered light sources.

Filters are currently the primary method used to attenuate 1asers.‘They have the
undesirable effect, however, of completely stopping all of the light at the wavelengths
over which they are designed to protect, regardless of the light’s intensity. The result is
that a person or detector can not see these colors at all which can be inconvenient and
dangerous. With the development of lasers in wavelengths ranging from the UV to the
IR, protecting a device against a strike from the myriad of possibly damaging sources
through the use of filters'would render the device useless. This is why the development of

a “smart” filter that is active over a broad wavelength range, known as an optical limiter,

is necessary. An ideal optical limiter must fulfill several demands. It must be a passive




2
device; that is, the light that it is designed to protect against should activate the 1irnitiné o
mechanisml It should ‘bé transmissive to low levels of light, such‘ as room light, But |
opaque at higher intensity levels. It sh’ould limit ovér a wide wavelength range and it
should work on time scales as short as hundreds of femtoseconds as well.as protect
against CW sources. It should not damage easily and should be able to block multipl;: .
pulses. All of these demands do not necessarily need to be the burden of one compound.
Several different materials, both organic and inorganic, can be used in tandem to bring

about the desired effect.

Optical Limiting Mechanism

| Many different mechanisms have been proposed to bring about optical limiting.
The focus in this research is on Reverse Saturable Absorption (RSA). In this mecﬁanism
(see Figure 1), weak ground state absorption populates the first excited state ofa
molecule. At low light levels, few molecules absorb and therefore there is minimal
population in this state. This being the case, other absorption pathways play a negligible
part in the attenuation and the over all absorption of the ﬁlolecule is linear. When the
population in this.excited state becomes appreciable, as in the case with an incident laser
beam, other processes begin to play a role. From this excited state, the molecule can yield
several different transient species that can have s.ubsequent absorption. When these
additional absorption processes “turn on” the result is non-linear absorption where jme

molecule absorbs two or more photons before relaxing back to its ground state. If the
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transfer takes place to form a successor complex; D*| A". The movement toward a
transition state involves solvent reorganrzaﬁon to account for the movement of the
| electron in the electron transfer step. In addition, due to the Franck-Condon principle, the
nuclear configuration of the precursor and successor complexes at this transition state
needs to be the same.

The kinetics of the electron transfer is a key parameter in the understanding of this
process. The rate constants embody such elements as the potential energy of the different.
states, the reorganization energy, as well as the nature of the characters. The rate of

electron transfer can be written as:

. 2
k_ =K, exp fg/—leGi)— _ ‘ 1

ver = Pava 4/UCBT

Where kgris the rate constant of electron transfer, K is the electronic transmission
coefficient, usuatlly taken to be 1, v, is the nuclear motion through the transition state
(O~ 10" s'l), AG? is the Gibbs free energy, kg is the Boltzman constant, T is the
temperature and A is the reorganization energy. Two of the most important parameters in
this equation are the reorganiz'ation energy and the Gibbs free energy and so a brief
examination of their components is useful.

AG® between the reactant state, D + A, and the product state, D' +A, is. givenby
the following expression:

AG® =e(Eg+,D—E§,/;_)+a)P—a)R. | 2/
where e is the charge of an electron, t—E%HD and EOA/A_ are the standard reduction

potentials for D and A" and w’ and &* correct for the work dene when bringing D* and
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Hére we see the reorganization energy is defined as the change in the Gibbs freé .-
energy if the reactant state were to distort to the product state without 'Fhe transfer of an
electron. AG” is the Gibbs energy of activation for the electron transfer reaction‘and AG®
is the difference bgtween the Gibbs energy of the reactant and product states when :thé _

donor and acceptor are a distance rpa apart. AG' is defined as

(A+AG°f 3
42

AG" =
Clearly, based on equations 1 and 3 and figure 3, the rate of electron transfer will _incrgasé
and the activation energy will decrease as AG® becomes more negative, until the
maximum rate is obtained at -AG= A, Tf AG® becomes increasingly more negative, the
rate is predictéd to decrease again. This is known as the Marcus “inverted r.egion”'.'

The second important parameter in the rate equation is the reorganization energy, 7» This -
is usually made up of two contributing factors: the solvent- independent'term, Min and the
solvent-dependant term, Aoy , SO ‘that,

A=A, +A, 4
Aimis due to structural differences in the reactant and product equilibrium states. Thié is -

usually treated harmonically,
AL il s

where 1% and rp* are the equilibrium bond lengths in the reactant and product stat;gé,
respectively, fi_is the reduced force constant for the ith vibration and the sum is taken

over all relevant intramolecular vibrations. Aqu is called the solvent reorganization energy
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as it is due to the changes in orientation and polarization of the solvent induced by the
transition from D l AtoD? l A’. In order to calculate this value, the solvent is treated asa

dielectric continuum,

A =—;—80[8i—8i].|' (ER _EP)ZdV

op - s 6
ER and EF are the electric field exerted in vacuum at‘a distance r from the centers of the
feactant and product states, Eop aﬁd € are the.optical al;l(‘i' static diélectrié constants of the
| solvent (€qp = n” where n is the rgfraétivc index of the medium), and € is the permittivify ‘
of vacuum. A spherical reagent model is assumed 0O tﬁat the appropriate boundafy :
conditions may be set for the integration, which is can{ed out over the volume.

Ellipsoidal models have also been considered, but this generates more complex equations

for Aqu. Therefore the equation after the integration is,
2
/lmz(Ae) 1,1 1)1 1 -
armey | 2a, 2a, Tp | Ep &

Where Ae is the charge transferred, ap and a, are the atomic radii of the donor and

acceptor and 1pj is the center to center distance between the donor and acceptor. In very

non-polar solvents, éop =~ g and Aoy is very nearly zero. For very polar solvents, the
solvent reorganization energy can be as much as 1.0-1.5 eV and becomes the dominating
term in the total reorganization energy, A. As stated before, the rate, ker reaches its/.-

maximum value when -AG® =\ Therefore, we can assume that a smaller A means that

the maximum rate can be achieved without having to have a more exergonic reaction.




10
Howe.\/.er, non-polar slolve.nts have other less desirable qualitie.s, especially whenvoné g
considers the entire electron transfer mechanism’s efficiency, includiﬁg back electron
.transfer and solvation of ions. |
One of the assumptions made in this analysis is that K, the electronic

transmission coefficientl, is equal to unity. This assumption implies that the reaction 1s ;
adiabatic and there is a unit probability of electron transfer at the transition state. The
electronic coupling energy, Hy, is moderately large in this case and there is significant
overlap between the equilibrium wave functions of the reactant and product states. |
Adiabatic charge transfer occurs when the donor and acceptor molecules are in close
proximity (van der Waals contact or close intramolecular proximity) because H,p'falls off
exponentially with distance. Howevgr, electron transfer can occur in cases Where there is
little electronic coupling, Hy, is small and ke <<1. This is non-adiabatic electron tfansfer
and it can occur through three pathways. The first occurs when the nucl'e'ar configurétion
of the reactant and the pfo/duct states are equivalent at the transition state and Hy, is small.
The electron is transferred through electronic tunneling at the \transition state (see Figure
4). The overall reaction rate is temperature dependant because of the extra energy needed
to reach the intersection point. Secondly, the system can undergo activated nuclear
tunneling. This occurs where the R and P surfaces are close enough for a thermally
activated electron to tunnel from the reactant to the product s:tate. It occurs at an
activation energy below that of the intersection point (see wave function b of Figure'4)
however, this method is still temperature dependent. The third type of non-adiabatic

charge transfer is temperature-independent nuclear tunneling. This tunneling occurs from
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Provided that

~1

KV, =3h75H;(4m1kBT)? , —

éi

Clearly a compromise between solvent reorgani;ation and Gibbs free enérgy exists that
maximizes the electron transfer rate for the system. The difficulty is finding it for each
particular system,

In many cases, especially in syst-ems dealing with low concentrations in solution,
the electron transfér rate is not the limiting rate, nor is it the only thing affecting the -
efficiency of the conversion. For instance, many‘ electron transfer reactions in solution

are diffusion limited.

Diffusion Limited Reactions®

The process of diffusion is fairly well understood and has been modeled for many
different systems. The general phenomenological rate constant of a bimolecular reaction
in solution is given by the following equation:

. 47(D, + D, )P
1+ [47(D, + D, )B 1 kg exp{-V(R)/ k;T ] 10

In this equation, D4 and Dg are the diffusion coefficients for molecules A and B

respectively, P is calculated in the following way:

L Gexp(V(r)/k,T)
p=] s | 11

R
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V(1) is the potential energy, defined as:

_ ZaZge’

V(r)==42 : 1 )

Where ¢ is the dielectric-cc-mstant, za and zp are the charges on molecules A and B o '
respectively and e is the charge of an electron.

A diffusion limited reaction occurs when each encounter between the two
molecules, A and B, results in a reaction. In this case, the rate .constant for the reacfion, |
kg , is very large and the denominator for equation 10 becomes 1. If neutral molecules ‘ |
are considered, = R and the diffusion limited rate constant becomes:

k, =4n(D, + D,)R ‘ 13
- where R is tﬁe contact r_adius, ra+ 1p . The above equations were derived using a simple.
model that assumes spherical isotropic particles. The diffusion coefficient, D, is related fo
the \}iscosity of the éolvent v}a the Einstein-Stokes relationship:

67r17(T)
Where 1(T) is the temperature dependent viscosity of the solvent, r is the radius of the

particle, kp is the Boltzman constant and T is absolute temperature. The rate constant then

becomes,

_ 2kBT(rA +71, )2

15
IN(T)ryry

D

In reactions involving ions, as in the recombination of the cationic and anionic spec/ies'
generated in photo-induced charge transfer, the potential energy term is no longer zero. B

then becomes,
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- ~ 24l
1_eXP(ZAZB’b/R) 16
where 19 is given by the following equation:
n= ¢
) ek, T 17
Thus the diffusion limited rate constant for reactions involving ions is,
k, = ~ 477"(DA + Dy )ZAZB’b 18

l—exp(zAZBr0 /R)

The diffusion limited rate cohétaﬁt of neqtfal species iﬁ solution compared to ions
under similar conditions is dependent upon the ratio of /R. For a system where
ZaZp = -1, as is the case here, this ratio is on the order of 2-10, depending on molecular
size, with rate cohstahts for solutions containing oppositely charged ions being 1arger
than those for the neutral species. This is expected considering the coulombic attraction
of oppositely charged particles.

Of course, when comparing rates of reaction, especially the forward electron -
transfer rate and the backward electron transfer rate (not geminate recombination) it is
especially important to consider thg concentration of the species involved. The
concentration qf the neutral species is, in many cases, significantly larger than that of the
photo-induced ions. .

Other solvent and solute specific parameters, such as charge state stability,
orientation constraints, spin considerations and side reactions can affect the rates al)‘él the
concentrations of species converted. Competing péthways such as radiative and non-

radiative relaxation of excited species and back electron transfer diminish the overall
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yield of the charged species that are to be used in optical limiting. Therefore, in order to
understand and maximize the production of the charged species, the quanfum efficiency
of a photo-induced réaction can be determined. Measﬁrement of tﬁe quantumcfﬁciéncy
of the reaction under various experimental conditions such as differentl sélveﬁts,
concentrations and donor/ acceptor combiﬂations gives information which will allow
improvement in the efficiency of the charge transfer state formation and rational design

of optical limiters.

Statement of Problem

- History

The first class of compoﬁnds studied by the L.Spangler group as possible pﬁoto-
induced absorbers and optical limiters was the bis-(diphenylamino) diphenylpolyene
series depicted in Figure 5. The compounds posses many of the qualities that make them
interesting for limiters study. Their ground state absorption in the visible is minimal,
especially for the compounds with fewer double bonds, as they appear virtual'ly colorless
to orange. This all;)WS for good visibility _and color percepﬁon in a practical device. They
are known to form chemically stable bipolaron states that have broad, intense |
absorptions. The possibility of polaron states exists as well, although they had not been
chemically generated bécause it was thought that they would be unstable in solutio?'. It

remained to be seen, however, if the ionic states could be generated using light.
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An attempt to chemically generate the polaron of the bis-(diphenylamino)
diphenylpolyene series was undertaken. A significantly diluted (1x 10™M) solution of
antimony pentachloride was added dropwise to a solution containing the chromophore
and spectra were taken after each addition of oxidizer. The resulting absorption spectrum
was similar to that seenn in the PIA spectra indicating the formation of a polaron in the
photo induced experiment. Lower time resolved PIA spectra were taken of the donor-
acceptor systems in the NIR region and the better signal to noise ratio afforded by these
data allowed for positive identification of the Cgy” peak at 9300 cm™ ® confirming
photoinduced charge transfer (PI-CT) in these éystems.

The diphenylamine and polyene backbone moieties incorporated into these
molecules were used in-an attempt to enhance their non-linear capabilities. The extended
pi-system promotes conjugation along the molecule’s backbone which makes the
molecule highly polarizable, an ideal trait for non-linear applications. In fact, the
molecules are good two-photon absorbers. The conjugation permits delocalization and
possibly stabilizes the cation and the dication formation. There is still some debate as to
whether the charge remains localized on the nitrogen or if it is dispersed through the
system. It was also speculated that a dendrimer based on these model chromophores

would have enhanced capabilities due to the possibility of two dimensional conjugation.

Current Molecules

Two dendrimers based on the n=1 oligimer were synthesized (see Figure 6).
which are designated the 3 arm and 4 arm n=1 dendrimers. Studies of the three arm

dendrimer are discussed in Wendi Sonnenberg’s thesis’. The PIA studies of the four arm
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compounds as well as a comparison between tﬁg:' charge transfer efficiency of the n=3
. oligimer, de‘rildrc‘)n and dendrimfv:r‘of tﬁis series as énalyzed by th¢ isobestic point method.
A discussion of the original mechanisﬁ propdsqd and the médifications- made necessary

by quantum efficiency measurements is also a primary conclusion. .
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CHAPTER2 .
FOURIER TRANSFORM SPECTROSCOPY -

General

Fourier Transform Infrared (FTIR) and .visible (FTVIS) spectroscopy have been
used for many years as a trusted analytical tool. FTIR is especiallsl prevaient in the
identification of organic molecules through their characteristic absorptions in the
“fingerprint region” of the mid-IR spectral r(_egion. Recently, Fourier Transform
interferometry has become a very powerful tool in the analysis of time-resolved
phenomena such as the dynamics of laser materials and, as will be shown here, transient
absorption.

The FT instruments used in this study utilize a Michelson interferometer (Figure
8). The interferometer consists of two mirrors, one that is held stationary, M1, and one
that can be ﬁloved, M2, and a beamsplitter, BS. Light enters the interferome'ter and is
. divided into two paths. by the beamsplitter. Half of this light is reflected to the stationary
mirror and half passes through to the moving mirror. The light is then reflected back
along the same path by the respective mirrors and recombines at the beamsplitter where
half of this light is transmitted and half is reflected. It is the transmitted light from tf{e

stationary mirror and the reflected light from the moving mirror that passes on to the

detector. When the light from the two mirrors, M1 and M2, recomBines at the
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If white light is passed through the interferometér, the different wavelengths 6f
light Wi11~have differing levels of interference at each mirror position. Therefofe, amore
complex interfereogram is obtained. Nonetheless, a Fouﬁer trans_form of tﬁié data willl
give the original frequencies and their intensities. It is the ability'_to differentiate between .'
light frequencies while simultaneously transmitting these wavelengths, known as the
multiplex advantage, that is an attractive feature of FT instruments.

N

Operating Modes

Typically, the interferometer is operated in continuous scan mode. In this case,
the moving mirror is cycled through the necessary path length at a constant velocity. The
position of the moving mirror is determined by using the interference pattern of a -
reference laser (in this case, a Helium Neon, HeNe, laser at 632.8 nm). Data is collected
at every “zero crossing” or every time the sine wave value is zero. Continuous scan
operation is generally used to take absorption or CW emission spectra. .

The interferometer can also be used in step scan mode in order to take time
resolved spectra (Figure 9). In this case, the interferometer is used in conjunction with a
modulated or pulsed source, such as a pulsed laser. The moving mirror is stepped to a
certain position and held there as the detector signal is digitized at multiple points in time -
using a transient digitizer. The temporal resolution can be set by the user and is currently
limited by the response time of the detector and the speed of the electronics. The tyit;ical

limit of resolution in the L. Spangler lab is 25-50ns. The mirror is then moved
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to a new position and time dependant data is collected again. In order to get b'e'tt'er éignai
to noise, data acquisition at each mirror position can be repeated and the values averaéed,
referre_d to as co-additions. Step scan mode generates a three dimensional array of 'data.
consisting of time, mirror position and iptensity. If the intensity reading at each mirror |
position for one time slice is compiled, a interfereogram at that time is generated. This -
can then be repeated for each time slice and these interferograms are then Fourier

transformed to generate a time and frequency resolved spectfa.

Measuring PIA with FT Interferometry

Fourier transform spectroscopy (FTS) was app]ied by the L. Spangler group to
measure PIA spectra. Typically, PIA spectra are measured using dispersive instruments,
the main disadvantage of which is the time required to gather complete time and
frequency resolved data. In order to gather time resolved data with fine temporal
resolution, a monochromator must sacrifice either wavelength resolution or spectral
range, as it cannot scan a high spectral resolution spectrum across many wavelengths in a
short period of time. Therefore, temporal tracés are often gathered at one wavelength at a
time. A large spectral region can therefore take a significant period to sample, espécially
. at high resolution. In contrast, a relatively high resolution (100 cm’l, 50ns) data set takes
approximately 20 minﬁtes or less with good signal to noise using step-scan FT methods.

A major disadvantage to using an interferometer for taking step-scan data/ is the
current inability to collect spectral data on both sides of the HeNe reference laser at one

time. This limitation is due to electronics involved in data acquisition. This means that
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- Difference Method

The most simple PIA experiment involves taking sufficiently accurate abSdr;;ﬁc;h '
spectra of the sample with a CW (or effectively CW) iaser incidel;t upon the sah.lple"as‘
well as with the laser off. The difference between these two spectra .is di\}ided by~t'he '
ground state absorptioh, or unpumped, spéctrum to generate ic PIA curve. Th.is dafa is
not time resolved and merely gives wavelength and steady—state intensity informatiOI;.
The sensitivity of the measurement depends upon the signal to noise of the indivi‘dualv

spectra taken.

Modulated Method

~ The sécond method involves a conceptually differeﬁt way at obtaining difference
spectra. Phase-sensitive detection is used in this case, which is usually more sensitive to
small changes in intensity. The laser is modulated using a mechanical chopper. The
detector signal from the interferometer is then fed into a lock-in amplifier, which is
synchronized to the reference signal provided by the chopper and only amplifies signals
that modulate at the same frequency as the laser pulse. There are two signals that occur at
this frequency: laser induced emission and laser induced chaﬁges in the absorpti_on of the
white light. Emission and photo-induced transparency are easily distinguished from PTA
based on their phase relationship to the lasei pulse. The signal that comes out of the lock-
in amplifier is therefore the difference between the absorption of the material with ~t{m

laser on and with the laser off. This signal is fed back into the interferometer which is

being operated in step scan mode. At each mirror position, a data point (or several if
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averaging is desired) is taken after a user defined delay time which is adjusted to écqouht
for the time constant of the lock-in. The data points are then compiled into‘ an
interferogram and the resulting spectrum is divided by a spectrum of the samﬁle’s gfouﬁd
state absorption. Careful consideration must be placed on the differences in gain settings f -
used to collect these two spectra if accurate intensity values are to be generafed. This data
is not time resolved and the acquisition tends to favor longer lived species as the lock-in
amplifier effectively integrates the peaks in time. This method is good at providing the

position of peaks with high sensitivity.

Time Resolved Method

The most informative method of data collection is time resolved PIA using the
step scan FT instrument which has been described above. A pulsed laser is used as the
pump source to create the transient species and the signal that is digitized is the white
light probe which yields broadband absorption information. Several time traces are taken
before the laser hits the sample, which provide ground state absorption information about
the sample. All of the time resolved traces are subtracted from the average of tﬂe traces
taken before the pump (unpumped traces) to give the absorption difference. In horder to
correct for the instrument and filter response, as is typically done, the difference spectra
are then divided by the average unpumped trace to give AT/T. The result is the temporal
behavior of the absorption of the transient species created when the laser pulse

‘ /

encounters the sample. Because the spectra are fully time and frequency resolved, it is

possible to watch the transfer of population from one species to another and to identify
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possible intermediates that may not have been so easily spotted using other methods as

well. as extract v,aluabhlc kinetic data and quantum efficiencies.
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CHAPTER 3

EXPERIMENTAL PROCEDURE

Sample Materials

Purified donor samples were obtained from Dr. Charles Spangler’s research group
at Montana State University. All samples were powders and ranged in color from bright
yellow to orange-red. Cg was obtained from Texas Fullerenes Corporation at 99% purity.

Solutions were made using o-dichlorobenzene (ODCB), 99.9 % or CH,Cl,, HPLC grade

from Fisher Chemical Company as solvent. The concentrations of each donor/acceptor

_solution tested are listed in Table 1.

Compound Cbncentration Compound Concentration

KN1 oligimer/Cgg 0.5mM/0.5mM KN2 dendrimer/Cgo 0.5mM/0.5mM
KN1 dendron/C60 0.5mM/0.5mM KN3 oligimer/Cg 0.5mM/0.5mM
KNI dendrimer/Cqo | 0.5mM/0.5mM | KN3 dendron/Ceg 0.5mM/0.5mM
KN2 oligimef/CGo 0.5mM/0.5mM KNN3 ,déndﬁmgr/CGO 0.5mM/0.5mM

- KN2 dendrbn/CGo 0.5mM/0.5mM | 4arm dendrimer/Cgg 0.1mM/0.1mM,
: " 0.25mM/0.25 mM,

0.5mM/0.5mM,

1.0mM/0. S5SmM

Table 1. Compounds and Concentrations Studied

J
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Instrumental

Approximately 2ml of the sblutions was placed in quartz or glass cuvéttgg with 1 cm .'
path length obtained from Starna Cells Inc. The cells were cleaned ﬁsing either a base of :
acid batﬁ with a distilled water rinse. The outside of the cells was cleaned with either
HPLC grade acetone or methano.]. Nitrogen gas was bubbled through the samples for
approximately twenty minutes before PIA testing to de-oxygenate and then ééaled with
Teflon caps and Parafilm.

Absorption spectra of the chromophore alone, bipolaron and the chromophore
with Cgq were taken on a Bruker IFS88 interferometer and a Shimadzu 3101PS UV/VIS
instrument which had better performance in the UV and blue spectral regions. Tﬁe
solvent, CH,Cl, for ;:hromophore alone and bipolaron and ODCB for donor acceptor
systems, was used for the background.

Spectra of ¢hemically oxidized polarons were collected using the Bruker IFS 88.
The quartz beamsplitter and silicon diode detector were used, as the region of interest
extended from 25000 cm™ to 10000 cm™ . 2 mL of a s',olution of the ch.romophore at 1 x
10°M in CH,Cl, was placed in an open cuvette which was gently stirred to éncourage
thorough mixing, yet not disturb the light passing through the sample. A solution of 2
xl,O4 M SbCls in CH,Cl,; was added dropwise to the cuvette via a 1 cc syringe and a fine
gauge needle. A spectrum was taken after each addition of oxidizer (usually 5-10 drqpé at
a time) until 2mL of the SbCls had been added. These spectra were dividéd by the géound

state absorption spectrum of the neutral chromophore.
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Difference and modulated PIA measurements used the Bruker IFS 88
inte_rferometerA and a Coherént Sabre Argon ion laser to pump the sampleé at 488nm and -
514nm. The beam was turnéd ﬁsing right angle prisms and the full beam waist of h
approximately Smm Qas used. The power of the beam was adjusted to 200-250mW by
controlling the current supplied to the Ar" tube. In the case of the modulated éxperiments,
a PTI OC4000 mechanical chopper was used with a modulation range of 1-1000 Hz. The
white light probe was a quartz tungsten halogen bulb encased in a water cooled jacket. |
This housing was placed inside of a wooden box with a one inch diameter aperture in
order to further stabilize the lamp temperature. The light was focused through the sample '
with a long focal length so that the diameter of the probe beam did not change too much
through the cuvette. It was then collimated and reffocused with lenses appropriate for
matching the interferometer’s F/4.5 optical system. An adjustable iris was placed a;t the
external focal point of the interferometer so that the light could be attenuated to prevent
saturating the detectors and electronics. Filters to cut stray laser light were pléced in the
sample chamber. The Si/quartz detector/beam splitter combination was again used. A
model SR510 lock-in amplifier from Staﬁford Research Systems was used for the
modulated method with an AC-coupled detector. Spectra were taken with the laser off
and with the laser on in the case of the difference method or with the laser on while Being
chopped in the case of the modulated method, which were then treated to yield the PIA of ;
the sample. /

Time resolved PIA spectra were taken using the Bruker IFS 66 interferometer.

The pump source was the doubled output (532nm) of a Coherent Infinity 40-100




© encountered the sample. Filters, consisting most often of a red pass filter and an
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Nd:YAG laser operatiné at 50 Hz. The pulse is TEMgo and has a length of apprpximaitely
~7ns. In order to maintain stability of the laser and reduce pulse to pulse fluctuations to a
standard deviation of ~1%, the laser was operated at a voltage sufficient to produce
250mJ of the fundamental (1064nm) or higher. The beam was directed using 5§2nm
dichroic mjr'rors which passed the fundameptal 1064nm beam that runs co-linearly with
the 532nm, acting as a effective filter. The beam was split by a 70-30 beamsplitter and
the beam of lower magnitude waé then directed through a CaF, Glan-Laser polarizer éﬁd__ :
a filter to control the attenuatioﬁ of the beam and therefore the power. The polarizer was
adjusted so that the average energy of one pulse was 1.2 mJ. In order to .control the

diameter of the beam, a fixed aperture Was placed in the path just before the laser

additional filter designed to block as much of the laser light as possible, were placéd in
the internal sample chamber of the interferometer. The silicon diode detector and quartz
beam splitter were used for the 25000 cm™! to 10000 cm™ spectral region. A liquid
nitrégen cooled InSb detector and a Can beam splitter were used for the 16,000 cm™ to
2000 cm™! region. Two temporal regimes were examined and each required the use of
fast pre-amplifiers with the detectors. Data takeﬁ at 5 psec time resolution used the
internal analog to digital 'converter (IADC) while that taken jat 50 nsec resolution
required the PAD32 board, which has faster time response than the IADC.

All data was acquired usiT1g OPUS 3.1 which is the software that is included/f'With

the interferometers. Time resolved data was acquired with 200cm™ spectral resolution

and either 101 time slices at 5 pusec or 401 time slices at 50 nsec temporal resolution with
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80 co-additions. Optical density calculations and opﬁcal density versus time traces were
generated using OPUS and the exponential and linear fits to the data were performed - -

using Microcal Origin version '4.1'0'.
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CHAPTER 4

RESULTS AND DISCUSSION

Basic Absorption Measurements

Initially, absorption spectra were taken of the various compounds tested (Figures -

12-15)° as well as the compounds in solution with Cgo (Figures 16-19). Each of the

donor molecules has minimal absorption in the visible which is ideal for optical limiting

applications. The acceptor, Cgo, does have absorption in the visible regidn, however? itis
possible td .reduce this to a more desirable transmittance level by adjusting the
concentration as long as efficiency is not compromised. The absorption at 532nm, given
in Table 2, was of primary concern as this is where the molecules were to be excited. It
was determined that Cgp is the primary absorber at this wavelength for the Knl, Kn2 aﬁd
the 4 arm dendrimer solutions. Kn3 absorbs a small amount at 532nm, which was
evidenced both by the absorption spectrum and by the presence of laser induced
emission. Impoﬁantly, the ground state absorption of the donor and acceptc;r together in
solution revealed no appreciable ground state charge complex formation; the absorption
spectrum is just the combination of fhe two species’ absorptions were they alone in |
solution. , . /
The polaron of the 4 arm dendrimer was the only species in this study to be

chemically induced. This was mainiy due to the availability of the compound, as there
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was a minimal amount of the hydroxy series with which to work. New solutions at
0.01mM were made because chemical oxidation réquired the use of methylene chloride
as a solvent because SbCls will oxidize the benzene ring in bDCB. Tﬁe chemicallsl
oxidized absorption spectrum of the 4arm dendrimer exhibits peaks very similar to those
seen in the chemically and photoinduced spectrum of the original bis-(diphenylamino)
diphenylpolyene oligiﬁler with one double bond (n=1) seen in Figure 5. This is expected
as it is the parent molecule of the dendrimer. The ‘visible peak is broad and fairly |
featureless (Figure 20), although on close examination it does display small bumps which .
bear resemblance to the two or three more distinct peaks of the polarons of the moleculeé
in the same series with longer conjugation lengfhs. The detectable IR peaks in this series
have a strong absorption cross"sect‘ion and are gaussian type bands. The peak in the IR
region for the 4 arm dendrimer is significantly more red shifted than the IR peak o'f n=1
pligimer. This absorption may be due to a intervalence transition between the ground
state potential well of the polaron and a potential well created by the avoided crossing of

L1314 hresumably located at the nitrogens

the different minima present in the molecule
(Figure 21). Itis clear that the dendrimer behaves in a qualitatively similar fashion to the

n=1 oligimer in the visible region of the spectrum, where the development of optical

limiters is currently focused.
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