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We have discovered that we can dtect nitrogen and phosphorous
containing compounds by means of remote thermal lensing.
Investigating the mechanism of photochemical reaction we find that
the first intermediate is formed withing a few tenths of a
picosecond while the formation and decay of the three subsequent
intermediates are formed with rates varying from 3x10 12 to
5x10 8 sec. The ultrafast intermediates have being identified and the
mechanism of rection established.



Measurement Diffusion Rates of
Liquids through Materials

Contract # DAALO3-89-K-0165
Final Report

ABSTRACT

A simple experimental method was devised and built for the identification of very

small trace quantities of molecules containing C=O and P=O functional groups. The

system was tested successfully under laboratory conditions. Three scientific papers

have resulted from this work as of now.

Introduction
The identification of molecular species is a very old problem which has been dealt

adequately for samples in the solid, liquid and gas phases. Most analytical methods

were performed in situ where a sample of the material to be analyzed is brought to
the laboratory for analysis. Remote sensing is rather rare and more difficult to

perform, especially at very low concentrations and in the case where the material

must be distinguished form others of very similar structure. To achieve remote

sensing of specific molecular structure we devised an experimental system and

procedure which was based on thermal lensing and UV and Raman spectroscopy.

Thermal lensing techniques rely upon efect of heat generated as the absorbed light

decays into vibrational modes of the medium thermal lensing and fluorescence

have been utilized to determine fluorescent and non-fluorescent substances to a

concentration of about 10-11 M. We believe that thermal lensing is an ideal method

for the detection of trace amounts of chemical and biological agents because it is a

strictly remote method, requiring no contact with any instruments or personnel, can

be operated in closed or open terrain and has the sensitivity to detect and

distinguish small amounts of closely related molecular species.

Experimental data suggest that this method and espe,-ially the special system to be

constructed, has the potential to perform the functions of a very sensitive detector of

minute traces of agents at remote distances.



Exp~erimental

Thermal lensing is based upon the principle that light absorbed by a molecule will
be dissipated, shortly, into its surrounding molecules, thus increasing the

temperature. A temperature rise will result in the change of the index of refraction

hence a lens will be formed in the sample due to the gradient in the temperature.

The temperature gradient is caused by the Gaussian shape intensity distribution of

the laser light which is used to excite the sample. The thermal lens generated is

transient in nature and as dissipated with a rate controlled, to a large extent, by the

thermal conductivity of the medium. Experimentally thermal lensing effects are

measured as a relative change A the beam center intensity, Ibi, Albc/Ibc given by

bc= nEA + A
b 2

Where E = P*(dn/dt)/(1/91)Xk

is the enhancement in sensitivity dn/dt the refractive index as a function of

temperature, the wavelength k the thermal conductivity and A the absorbance at

the sample at wavelength, and P the laser excitation power. It is possible to increase
E

the y signal by choosing materials which absorb highly, a laser light to coincide with

the maximum absorption cross-section and solveits which show high-d and in the

case of cw lasers low thermal conductivity.

The schematic diagram presented in figure 1 is a version of the most commonly

used thermal lensing system. It consists of the pump laser in our case a Nd 3t/YAG
cw mode locked laser, operated at 82 MHz, however a chopper has been inserted in

the path between pump laser and the samples. The probe laser consists of a He/Ne
laser collimated onto the sample and onto a photodetector which is coupled onto a

computer and recorder via a lock-in amplifier. The strong pump laser pulses are
prohibited from entering the detection system by a filter which stops the pump

light, but allows the probe He/me beam to be transmitted. In our case, several more

lengths were used which enabled us to excite either the electronic lenses located in
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the UV or the vibrational levels in the infrared. The variable wavelengths were
achieved by many of harmonic generation crystals and stimulated Raman, and a dye
laser. Combination of all these laser line generating techniques has provided a
practically tunable UV to IR laser source. The pump and probe pulses are coincident

in the sample. The probe beam alone will be through the sample without change in
its intensity because the sample does not absorb at the probe wavelength. However,
when heat is generated in the sample after absorption of the pump beam then the

intensity of the probe beam changes. The intensity fluctuation of the probe beam

was measured by means of a photodetector which consisted of either a
photomultiplier or a two dimensional vidicon which is capable of recording the
intensity vidicon which is capable recording the intensity and spatial distribution of

the beam. The intensity at a given laser power of the pump was recorded from the
reading obtained from the lock-in amplifier. The heat generation process may be

described by

-1c,re = (k IM])'= ke

where kj is the bimolecular rate constant and ke is the first rate constant. In the case
where heat t.ansfer ion transfer in the same manner as acoustic waves, the transit

time across the laser beam is

_rb

"- C

were r is the radius of the laser beams, the time for the heat diffusion may then be

represented by

rb
Idt- 4D 12

then the thermal conductivity becomes

PC 2~

t 4 RTA

If the ir:acliation by tile laser persists for a period of time and the conductivity of the

medium is low enough to reach thermal equilibrium then the steady state

equilibrium intenjity takes the form
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Kpdn A

where c is a constant with value of ý±l.2 the above equation, as well as the previous
one make it clear that the sensitivity signal, of thermal lensing depends upon the
power as well as the thermo optical properties of the matrix material such as the
solvent or encapsulant. The utilization lasers with powerful pulses such as
nanosecond or picosecond pulses allows for extreme sensitivity of detection. In fact,

several molecules have been identified with absorptivities of the order of 10-7. The
materials which we investigated consisted of triphenyl phosphate in acetonitrille,

(CH 3)2 CO in CH 3 CN and CH 3 )2 SO dissolved in water.They were dissolved in

organic solvents such as CH 3CN and n-pentane because these solvents have low
thermal conductivity, 1.03 and 1.13 MW cm-1 K- 1 respectively and rather large
changes in the index of refraction as a function of temperature(dn/dT); 5.90 and -5.5
K-1. This is to be contracted with water which has thermal conductivity of 6.11 and
(dn/dT) of -0.8. We do not intend to suggest that this method is not suitable for
water solutions only that the signal, hence sensitivity, is increased in the organic
solutions by a factor of 40 for cw lasers. However, with high intensity short pulse,
the signal decreases in water only by a factor of -6. The difference in signal is due to
deposition of the heat at a very fast rate, and is detailed by very short probe pulses
which has the effect of diminishing the fast thermal conductivity of water.

For the period of time of this report, one year, two types of molecules were studied:
1) C=0 containing molecules, 2) P=0 molecules. In addition we studied the diffusion
controlled rate of reaction of anilines and the generation string LTV laser light by
means of a new highly efficient crystal.

Picosecond Transient Absorption Spectra and Kinetics of Salicylidenaniline

The rate ot reaction is a very important parameter because it allows one to

determine the time interval necessary to detect the agent belore reaction takes place.

In addition the metastable species formed their identification and kinetics provide

the only reasonable means, to our knowledge , for ascertaining the effect of the

molecular agent and its diffusion and reaction through and with a medium.

-4-



We selected salicylaniline as the first molecule to study because of the various

transformatios which this molecule undergoes,the rrather fast rate of the reaction

and its interesting functional groups that are involved in reaction and

rearangement.

Using the picosecond time-resolved absorption spectroscopic technique, the

transient absorption spectra of salicylidenaniline have been investigated and the

room-temperature kinetic data are presented. A possible mechanism of the

formation of the photochromic products of salicylidenaniline is proposed.

INTRODUCTION

Salicylidenaniline (SA) 1 and its derivatives are well known photochromic

substances, i.e. upon irradiation with UV light they form colored products which

could be bleached by exposure to visible light. Although a number of investigations

exploring their photochromism have been reported [1-10], the data on the

spectroscopy and kinetics of the transients "nvolved in the formation of colored

products, via excited state intramolecular proton transfer, is limited.

/Ph

H r"

Barbara et al. [91 presented a detailed study on the fluorescent properties of 1

and its derivatives using time resolved picosecond and nanosecond emission

spectroscopy. For the rate of formation of the fluorescing state following the

excitation of 1 with a 355 nm laser pulse, they reported a time constant of < 5 ps. At

room temperature they observed the fluorescence to decay with a time constant, td



" 11 ±3 ps. At lower temperatures, however, the decay was biexponential consisting

of a fast and a slow decay o~mponent. The low-temperature fast component (td < 5

ps) became too fast to be resolved at room temperature. They assigned the room-

temperature single exponential decay, corresponding to the slower component of

the low-temperature biexponential decay, to the electronically excited cis-keto

tautomer 2 of SA 1.

PhI

2

Recently, Becker et al. [101, using microsecond and nanosecond laser flash

photolysis, have reported the absorption spectral data on the transients produced

from 355 nm irradiation of SA in various solvents. They assigned the transient

absorption spectra with lmax = 460--480 nm (depending on the solvent) to the cis-

zwitterion 3 which has previously been reported, by Lewis and Sandorfy [11], as a

photoproduct of 365 nm photolysis of 1.

H
H N+

H .( ` Ph(y0-

3
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For the decay of 3 Becker et al. [10] reported a time constant in the microsecond

regime, but were unable to assign a specific rise time for the transient 3 due to the

200 ns detection limit of their system.

Inspite of the large amount of research that has been done concerning the

photochromicity of SA, the mechanism of the formation of the colored

photochromic products from the photolysis of SA is not well established, yet.

The knowledge of the absorption spectra of the transients and their kinetic

behavior, especially in the picosecond to nanosecond time domain, is essential in

order to obtain a better understanding of the processes leading to the photochromic

products of the anils.

To our knowledge, the SA transient absorption spectra and their kinetics in

the picosecond regime have not yet been reported. In this report we present the

spectral and kinetic data of the transients produced upon the UV excitation of SA in

acetonitrile in the picosecond and nanosecond time domain, using the time

resolved picosecond laser kinetic-absorption spectroscopic technique.

EXPERIMENTAL TECHNIQUE

The experimental apparatus used in the present investigation have been

described in detail elsewhere [121. Concisely, a single pulse from the output pulse-

train (cons; sting of 9-10 pulses of 30 ps FWHM) of a passively modelocked Nd:YAG

laser was selected. This single beam (I = 1064 nm) after being amplified was splil

into two, using a beam splitter. One beam was passed through a second- and a

third-harmonic crystal, resnectively, to generate a 355 nrn excitation beam. The

other 1064 nm beam was passed through a cell containing a H20/D20 mixture to

generate a picosecond cotinuum which was used to probe any transients formed

npon excitation. Time eclays between the excitation and the probe beams in the 0 ps

to 10 ns range were adjusted using an optical delay stage. Neutral density filters
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were used to alternate the probe pulse intensity, and the wavcength region of

interest was selected by means of colored optical filters. Vata "'e coe-' .d on a

vidicon detector, transferred to a personal computer and treated i Ihh the

appropriate software program.

Each transient spectrum presented in this report represen-.-, average

ransient absorption produced by 250 laser pulses. Absorption spectra. correspond to

the difference in absorbance of the excited and the ground state sample.

For the detection of possible non-linear effects, the transient spectra were

recorded as a function of the excitation pulse energy at a fixed time delay between

excitation and probe beams. Typically, the excitation beam energy was -0.3 mJ and

the probe beam was focused on the sample in -1.5 mm diameter.

Salicylidenaniline (minimum purity = 98%) was obtained from Lancaster

Synthesis Ltd. and was used as such. The solvent acetonitrile was HPLC grade. All

the experiments were carried out at room temperatuie.

RESULTS AND DISCUSSION

Figure 1 shows the absorption spectrum of che ground state salicylidenaniline

in the 300-550 nm region. The time resolved (0 ps-5 ns) absorption spectra, in

425-550 nmn region, as obtained fo!lowing 355 nm excitation of salicylidenaniline

are shown in figure 2. From a comparison of the spectra in figure 2 to that in figure

1, it is obvious that the new absorption band in 425--500 nm region does not belong

to the ground state SA. Thus it must be due to some new transient species formed

upon excitation of SA with the 355 nrn laser pulse. As can be seen from figure 2, the

absorption intensity exhibits a sharp increase up to 70 ps followed by a slow decrease

wbich levels off at 750 ps after which it goes through another maximum. A

comparison of the transient absorption spectra at 25 ps to those at longer times

shows a slight red shift (-15 nm) in Imax which may also be seen in figure 2. This

[:



shift is dearly observable by examination of the normalized transient absorption

spectra at various times as shown in figure 3 (e.g. at 25 ps, 70 ps and 130 ps). From

figure 3 it is obvious that the primary transient absorption band (lmax - 470 nm)

disappears with simultaneous growth of the red-shifted secondary absorption band

(Imax - 485 nm). Thus the red-shift in the transient absorption spectra in figure 2 is

due to overlap of two different absorption bards. Such spectral behavior indicates

that more than one transient species are involved in the formation of

photochromic products from 355 nm excitation of SA.

We eliminate the possibility o:, the generation of the transients being the

result of multiphoton absorption because the transient absorbance would then have

a non-linear dependence on the excitation pulse energy. Logarithimic plot of the

excitation laser pulse energy vs. transient absorbance is shown in figure 4. The

open circles correspond to the transient absorption intensity (measured at 487 nm) at

75 ps and the solid line is the least mean square fit to the experimental data. Figure

4 exhibits a linear dependence, slope=l, of the transient absorbance vs the laser

pulse energy In the 0.06-0.39 mJ range.
"In order to investigate the kinetic behavioi" of the transients produced from

excitation of the SA with a 355 nm laser pulse, the absorption intensities wEre

plotted as a function of time as shown in figure 5 and 6 for the 0--750 ps and 750

ps--10 ns regions, respectively. For simplicity, all the experimental intensities were

normalized to unity. Solid circles are the experimental data i.e. th- transient

absorption intensities obtained from such plots as in figure 2, measured at 487 nm

and the solid curve is the computer-generated convolution curve, to fit the

experimental data, by a non-linear least square procedure. The time dependence of

the transient spectral intensities in 0-750 ps region, as shown in figure 5, exhibits a

kinetic behavior involving a single rise (trl) followed by a biexponential decay (tdl
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& td2). This bimodal decay is followed by a slow rise (tr2) and a slow decay (td3) as

shown by the data in fig-ure 6.

From theoretical fits of the experimental data displayed in figures 5 and 6, we

have calculated the following time constants:

I. a very sharp rise, trl = 18 ps,

2. a biexponential decay of initially formed transient species, with a fast decay
component,tdl = 25 ps, and a slow component, td2 = 1.7 ns,

3. a slow rise, tr2 = 2.2 ns following td2, and

4. a slow decay following immediately tr2 with a time constant td3 = 3.6 ns after

which the transient absorption was found to remain almost constant up to 10
ns-the longest time reached in the present investigation.

On the basis of this kinetic information and the data available in the

literature, we assign these time constants to specific transients and thus propose a

most probable route for the formation of the photo products resulting from the

photolyFis of the ground state salicylidenaniline by short laser pulses.

Initial sharp rise time, trl = 18 ps, indicates a very fast generation of transient

species A following the irradiation of SA with a 355 nm laser pulse. Barbara et al. [91,

based on their picosecond emission spectroscopic studies, have reported a similar

time constant (tdf -12 ps) for the fluorescence decay rate after exciting SA in

methanol with 355 nm laser pulse at room temperature. They have assigned this

fluorescence to the electronically excited cis-quinoid 2 formed via intramolecular

proton transfer from 0 to N in the singlet excited state of SA. Recently, Becker et al.

[101 have also reported a similar time constant, tdf < 30 ps (detection limited), for the

fluorescence decay of SA in acetonitrile. They further noticed an increase in the

fluorescence life time with polarity of the solvent. Thus Barbara et al.'s tdf would be

expected to be > 12 ps in more polar solvents like acetonitrile. Owing to the fairly

good agreement between the measured fluorescence decay time, tdf, and the

-10-



transient absorption rise time, trI, it is quite reasonable to assume that the ground

state of the fluorescence in Barbara et al.'s experiments and of the initial transient

absorption in the present investigation represent the same species. Thus the

primary transient A in our picosecond absorption study could be identified as cis-

quinoid 2 in its ground state.

Ph
I

A (cis-quinoid)

Next task is to analyze the observed biexponential decay of the transient

absorption as shown in figure 5. A possible explanation for such an observation

would be that the transient A decays via two different paths - a fast one (tdI = 25

ps) and a slow one (td2 = 1.7 ns) as shown in scheme 1.

Scheme 1:
T=25 ps

A -- B

I T-z1.7 ns

C
Another possibility is that the observed biexponential decay is actually an overlap

between single decays of two different species as shown in scheme 2.

Scheme 2:
T-25 ps c-1.7 ns

A --- X =C

in order to decide between these two possibilities we have to first identify species B

and X associated with the fast decay component (tdl - 25 ps).

-11-



Since, within experimental error limits, trl (= 18 ps) and tdl (= 25 ps) are quite

similar, we may assume that they probably represent the same process. Also the

ground state enol form 1 of SA is more stable than the ground state cis-quinoid, thus

it seems appropriate to propose that td-I = 25 ps correspond to the fast decay of A to 1.

AiE1 tdl =25ps

Also, upon probing the 355 ran excited sample of SA at 355 rim, a small bleaching of

the ground state SA was observed which lasted for < 25 ps. This fast recovery of the

ground state of SA further supports the above proposition concerning the fast decay

of A (tdl = 25 ps) to 1. The decay of A back to the ground state SA is in agreement

with scheme 1 while scheme 2 requires the formation of a new intermediate which

undergoes further decay.

Upon analyzing the kinetics of the normalized absorpion bands shown in

figure 4, it was observed that the secondary transient absorption band passes through

an absorption maximum 70 ps after excitation, with a rise time constant T'r = 20 Fs.

These values of T', and tdl (20 ps and 25 ps respectively) are within experimental

error limits and indicates that these two time constants might represent the same

process i.e. simultaneous decay of A and formation of a new intermediate. This

observation satisfies scheme 2.

Although our observations support the faster (25 ps) step of both schemes 1 &

2, scheme I appears to be less probable since tdj2 is two orders of magnitude slower

than tdl and thus would make an insignificant contribution to the decay of A. Thus

the observed kinetic behavior for decay of A is better explained by scheme 2. This,

however, does not rule out completely the possibility of scheme 1 being also

operative at least with a low quantum efficiency. Taking into account these facts,

the decay of A can be represented by the following scheme with the dotted arrow

representing the least efficient process:

-12-



25 ps A 25 psI1•---- A =X

1.7 rj , J1.7ns

C
The fast formation of X and its slow decay indicates that X is structurally more close

to its parent than its product. We, therefore, propose the following structure to X:

HCNHPh

Hc

The slow decay of the transient absorption (td2 - 1.7 ns) is followed by a slow

rise in the transient absorption with a time constant tr2 = 2.2 ns. Since the two time

constants are similar, within experimenta limit, probably represent the same

process.

XE C td2 = 1.7ns

The slow rate of this process could be due to the different spin states of the two

species involved i.e. it is a forbidden process. In order to check the presence of any

triplet species, crystal violet, a triplet quencher, was added to the system. No change

in the kinetic behavior of the transients was observed in the presence of the triplet

quencher, which indicates that either there are no triplet specie-s involved or the life

time of these triplet species is shorter than the time required for collision with

quencher to take place.

-13-



Becker et al. [101 have reported that based upon nanosecond transient

absorption studies on SA, the initial transient is a cis-zwitterion with a rise time in

nanosecond region (detection limited). The intermediate C in the present work

could be this cis-zwitterion.

HI
HNH• .• •Ph

0-

C (cis-zwitterion)

Becker et al. [10] reported the time constant for the decay of cis-zwitterion to be

400 ms, whereas from the present study we observed that the cis-zwitterion decays

with a time constant of 3.6 ns followed by no further observable decay during the 10

ns period, the upper time limit reached in this investigation. A possible

explanation for such kinetic behavior is that the cis-zwitterion follows a bimodal

decay consisting of a fast component, td3 = 3.6 ns, and a slew component in the

microsenod region corresponding to the almost constant decay up to 10 ns as

observed in the present study. Thus the slow component (shown by dashed arrow 2

in the scheme below) of this biexpoenetial decay corresponds to the decay thne

constant of 400 ms as reported by Becker et al. who, probably, were unable to see the

fast decay component. Next question is: what is the structure of the intermediate to

which cis-zwitterion decays in 3.6 ns? Since ionic species like zwitterion would be

stabilized in a polar solvent such as acetonitrile, and because its decay time, td3 = 3.6

ns, is longer than its rise time,tr2 = 2.2 ns, the decay of cis-zwitterion would be

expected to a non-ionic intermediate, which we tentatively propose to be a trans-
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quinoid which subsequently decays very slowly to the final products. This is shown

by the dashed arrow 3 in the scheme below.

Based on the present kinetic data and the data available in literature, the most

probable mechanism of the photochromic product formation by 355 nm excitation

of SA can be represented as follows:

Ph Ph

,NNw Hc NHPh

355 rnm, 18 ps 25 1 ps.

2 5 1ps

Enol cis-quinoid

51.7ns 2.2ns
",1.7 n / 2.2 ns

H11

ph3N.cd H 0.O-

cis-zwitterion

trans.-quinoid 3' PS

Final products
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We found that the amount of laser power needed at the UV wavelengths in order
to detect 10-8 M and lower concentrations should be improved by at least a factor of

four under identical conditions of solvent and laser fundamental. Tot his effect we

performed the necessary theretical calculations to determine the feasibility of using a

new nonlinear crystal, Barium Borate, (BBO), for the generation of high power

pulses in the TJV. We also performed experiments which prove that high power

pulses are possible from this crystal. We describe below these studies which promisee
to increase the detection and diffusion rate of PO and SO containing molecule by at
least a factor of 10.

Thermal Lensing in Triphenylphosphate

The measurements presented here were made by means of the experimental

system based on the thermal lens effect. The experiments were performed in

triphenylphosphate, (PhO)3PO dissolved in acetonytrile. These experiments

nsuggest the possibility of detecting very small concentrations of molecules

containing the -PO functional group using thermal lensing. in addition it is

possible to differentiate among the various similar types of molecules and

distinguish between the agent and the simulant.

The ground state electronic absorption spectrum of (PhO)3PO in CH3CN is

shown in figure 7, and the experimental setup for the dual beam thermal lens

technique is shown in figure 8. A passively mode-locked pulsed (1Hz)

Nd:YAG laser was used as a pump source and a He-Ne laser was used as a

probe source. The output from the Nd:YAG laser (1064 nu¶, 30 ps FWHM)

was frequency quadrupled to generate 266 nm pump beam using a 2nd and a

4 th harmonic generation, KDP, crystals. Focusing the pump beam through

the sample length generated a thermal lens which was then detected by the

probe beam from the He-Ne laser following the same path through the

sample as the pump beam. A sharp cut filter was used to cut off the pump
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beam after the sample cell. The probe beam, after passing through an iris

diaphragm, was focused onto the slit of an optical multichannel analyzer

(OMA).

Typically 1.0 cm path length cell was used for all the measurements

except at very low concentrations in which case a cell of path length 2.0 cm

was used. The pump beam energy was in 0.5 to 1 mJ range. For a typical

experiment, sample was simultaneously exposed to both the pump and the

probe beams, and the probe beam intensity reaching the OMA was collected

for 60 pump pulses. This probe beam intensity was corrected for the

background noise of the detector and recorded as I1. Same procedure was

repeated while the pump beam was blocked, and the probe beam intensity

after being corrected for the background noise was recorded as 12. The change,

DI=12-I1, in the probe beam intensity corresponds to the thermal lens effect

produced by the pump beam. The above experiment was repeated at various

dilutions of the sample until a minimum concentration was reached where

no change in the probe beam intensity could be observed. For each

experiment, it was assured that the pump and the probe beam overlapped

throughout the sample length. Magnitude of the thermal lens generated by

the pump beam was found to be directly proportional to the sample

concentration as shown by the linear plot of DI vs [triphenyl phosphate], in

figure 9.

With this present setup we were able to observe ther-mal lensing in

(PhO)3PO solutions as dilute as 6x10- 6 moles/litre.

Similar thermal lens experiments were performed on molecules

containing -CO and -SO functional groups, e.g. (CH3)2CO and (CH3)2SO. In
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both these cases, the minimum concentration at which thermal lensing could

be observed was much higher than in case of (PhO)3PO, see Table 1.

However, it is expected that the thermal lens effect could be observed at

concentrations lower than micro moles per litre, provided that the pump

laser output is stable over a number of pulses, is of high enough enrgy to

generate sufficient amount of thermal lensing , and that the detection system

is very sensitive to record minute changes in the probe beam intensiLy due to

thermal lensing.

Table 1.

Substance/ solvent Functional Minimum concentration at
group which thermal lensing was

observed

(PhO)3PO/CH3CN P---O 6.4 x 19--6 M

(CI-3)2CO/CH3CN -- C--o 7 x 10-4 M

(CH3)2SO/H20 -S=O -0.5 M
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Figure Captions

Figure 1. Ground state absorption spectrum of salicylidinaniline, 4x10"4 M in

acetonitrile, in 300-550 nm region.

Figure 2. Time resolved transient absorption spectra as obtained from the excitation

of 4x10" 4 M solution of SA in acetonitrile with 355 ram picosecond laser

pulses. Each spectrum represents an average of data collected from 250

laser pulses.

Figure 3. Comparison of the normalized transient absorbance at 70 ps and 130 ps to

the transient absorbance at 25 ps. The normalized spectra at 70 ps and 130

ps were obtained by subtracting from the transient absorption spectrum at

these times (such as in figure 2) the corresponding spectrum at 25 ps.

Figure 4. Logarithmic plot of the transient absorbance vs laser pulse energy. Open

circles correspond to the experimental results and the solid line is the least

square fit to the experimental data. A slope of unity is observed.

Figure 5. Time dependence of the transient absorbance in the 0-750 ps region.

Solid circles represent the experimental results and the solid curve is the

theoretical fit to the experimental data and yielded the following time

constants for the rise and decay of transient absorbance: trl = 18 ps, tdl = 25

ps and td2 = 1.7 ns.

Figure 6. Time dependence of the transient absorbance in the 750 ps to 10 ns region.

Solid circles represent the experimental results and the solid curve is the

theoretical fit to the experimental data and yielded the following time

constants for the rise and decay of transient absorbance: tr2 = 2.2 ns and td3

3.6 ns.
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Figure 7. Absorption spectra of trphenyl phosphate

Figure 8. Schematic representation of the dual beam thermal lensing technique

Figure 9. Change in intensity of the probe beam as a function of PO concentration.
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Figure 2: Schematic diagram of the dual beam thermal lens technique.
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