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Abstract: In this paper we measured the fluorescence quantum yieil 4nd the reaction quantum yield

(®po) of a photochromic molecule (flindersine) as a function of the vibronic leweékcited within a given
sequence. We found th&tr decreased an®pc increased with an increase in the quantum number of the
vibronic level excited within a sequence. On the basis of a previously proposed model, this behavior was
interpreted as resulting from competition between vibrational relaxation and photochemistry at each vibronic
level. This model was broadened, and a new equation developed which, alone, or in combination with
fluorescence data, permits determination of (1) the molar extinction coefficient of the partially produced colored
form, (2) the quantum yield of vibrational relaxatiohy,, and the complementadpc at each vibronic level,

(3) the photochemical reaction rate const&ng, (4) the nonradiative internal-conversion rate constant from

S to S, knr, and (5) the vibrational relaxation rate constant amongittevels of S, ky. Thekpc value (1.7

x 109 s71) is comparable tdy (4.0 x 109 s71) andkyr (2.3 x 10'%™1). The data and model account for the
significant decrease ifPr with an increase in the value ofexcited. Therefore, from the results here as well

as those from our previous works, we propose the theory that for molecules undergoing excited-state
photochemistry, there will be a vibronic-level dependencedipg and ®r and potentially for the triplet state

yield @1 as well. It also appears that there can be a vibronic-mode and electronic-state dependence for these
parameters. The nature of the photochemistry could also well be mode-dependent.

Introduction We observed similar vibronic effects fdr: in some different

In 1969 one of us published a paper dealing with what was molecules knoyvn to be photochromic, such as indolinospiro-
called vibronic effects in photochemisthyThis in fact was a  Pyrar? and fulgides for example. On the other hand, for one
conclusion based on vibronic effects in fluorescence which is ©f the fulgides not showing photochromism/photochemistry,
what was actually measured (relati®g as a function ofy, the there was no dependence of the (relatig)upon the excitation
vibronic quantum number excited within a singlet excited-state €N€rgy over the first transition (440 nm)* Furthermore,
Sv). Heré we found that for two known photochromic we®> made Fhe important obsgrvathn, for a fulgide showing
chromenes, 2,2-diethyl-2H-chromene (DEC) and 2,2-dimethyl- photochermstry,.thgt the (rglatlvdépc increased by a factor of
5,6-benzo-2H-chromene (DMBC), thi:- showed a noticeable ~3-fold with excitation to higher energy (37 600 ctn266 nm
progressive decrease when excitation occurred to higher and’S 28 170 cm?, 355 nm), whereas thér decreased over the
higher vibronic levels of Sand $ (and S for DMBC). To the excitation range of 350290 nm? Thls prowdeql the first real
contrary, for an analogue of DEC, 1,2-dihydronaphthalene, proof that the earlier model (and idea) was, in fact, generally
which did not undergo photochemistry, the relatize showed correctly founded.
no decrease or change with excitation into two electronic  Later studies of the photochemistry of a polycyclic cy-
transitions over the range 29@50 nm. Actually, we had made ~ clobutené and the photoisomerization of 1,3-Dewar naphtha-
a qualitative observation earlier that the efficiency of fluores- len€’ were noted to provide additional evidence of the long-
cence for DEC decreased as the excitation energy was increasegtanding premisethat “hot” excited-state photochemistry could
from near the onset to higher valle®n the basis of these  occur. They showed that a decreaseda correlated to an
observations, a model was proposed which implied that at eachincrease irPec. They believed that hot (vibrationally) excited-
vibronic level (), in a sequence, there was competition between state photochemistry could compete with cooling of large
vibrational relaxation to the next lowest vibronic leval- 1) molecules (presumably this would occur via vibronic or
and photochemistry. This of course presented the importantvibronic-lattice/solvent relaxation as considered by asd
revelation that photochemistry was as fast as vibrational
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above). However, they were not at all convinced of vibronic- 25x10° " T . T . T

level or mode selectivity as claimed earlidaut believed that T®)

an increase in excitation energy alone was responsible for the 20010’ 80 |

increase in®pc. In the case of I,4-Dewar naphthalene, there 160

was no vibronic sequence(s), so in fact, it really was not possible 180

to do ann-dependent determination @br or ®pc within a E l-fxw‘ 200

defined vibronic sequence. We have considered the case of & 220

benzene, where wavelength-dependent phenomena occur, in our z g izg i

first major work! on the subject of this paper. However, no data 250 |

exists on the quantum yields of emission and photochemistry . 298

as a function of vibronic-level excitation. 300 i
Given the results of our early work% > on vibronic effects

in fluorescence and their association with what we believed to 00 . :

be photochemistry, some parallel restftsm other works, and 0 . . . .

the potential important impact of our earlier rest# on ) ) >/ ) )

Figure 1. Absorption spectra of FL in 3MP as a function of

competition of photochemistry with vibrational relaxation, we
have done a careful and quantitative study on another molecul
showing photochemistry (also photochromic), flindersine (FL):

etemperature.

absorption spectrum was then almost perfectly reproduced based on
the analysis¥? = 7 x 1075). The overlaps ranged from1% to 6%
for the 4-6 nm band-pass for all of the vibronic levels excited and
<5% (n =0, 1) to 15-20% ( = 2—5) for the 8-16 nm band-pass.
The concentration of FL was on the order of(®) x 10°°> mol L™,
corresponding to absorbances in the range-0.2 at the irradiation
wavelengths. The photoreaction was carried out in a fluorimetrizmi
path cell containing 1 mL of solution. The irradiation was carried out
in the spectrophotometer holder at a right angle with respect to the
Not only was®r (absolute vs relative this time) determined monitoring beam. The light was homogeneously spread on the cell
as a function of the specific vibronic level excited within a given window; thus, stirring was unnecessary. The increase of absorbance
sequence of Sout also®pc (absolute vs relative this time) was ~ was followed, under stationary irradiation, at 385 nm, where the reactant
determined in the same manner. Very importantly, a model (FL) does not absorb and the excitation light did not disturb the
similar to that in ref 1 was employed, and from it, an additional absorption measurement. The kinetic rate parameter of the back reaction

and new equation was developed to permit determination of was determined at constant temperature following the disappearance
(1) the molar extinction coefficient of the colored form (only of the photoproduct at the wavelength of analysis after having removed

- : . . the irradiati ti as2—3 fter th d of th
partially produced) (2) th&pc as a function of the vibronic ¢ iradiating source (zero time w s after the end ot the

" ’ ; . ) irradiation).
level excited (3) the vibrational relaxation quantum yield, Corrected emission spectra were recorded using a Spex Fluorolog-2

within a defined sequence of &) (with the use of fluorescence £ 112 spectrofiuorimeter. To measure the emission quantum yield,

data) the photochemistry reaction rate constapg, (5) the ®¢, corrected areas of the standard (benzophenone KCRHA =
nonradiative/internal conversion rate from 16 S, knr, and, 0.135 at 333 nm, previously calibrated with quinine sulfate in 0.5 M

finally, (6) ky, the vibrational-relaxation rate constant among H,SQ;, ®¢ = 0.546% and the sampleX~ 0.137 at 333 nm) emissions
the n levels of S. Furthermore, our data were obtained at were compared and corrected for the refraction index of the medium.
relatively high temperature, 260 K, and in solution, compared The temperature effect on the refraction index was evaluated using the

with very low temperatures in a matrix where molecular Semiempirical refationshipn(Tz) = n(Ts) + ca(T — Ty), wherec and
(vibronic-lattice) cooling is expected to be slovfer a are solvent constantsWhen necessary, the signals were corrected
' for any solvent contribution.

Experimental Section
_ _ Results
Flindersine (from John Morgan, Forest Products Research Labora-

tory, England) was used without further purification. The solvent, The room-temperature absorption spectrum of FL in organic
3-methylpentane (3MP), a reagent-grade Carlo Erba product, wassolvents shows a vibrationally structured bahga¢~ 350 nm,
distilled before use. A 7 ~ 1300 cnt!) and a more intense band in the UV region
Absorption spectra were recorded on a Perkin-Elmer Lambda 16 (3 .. = 225 nm). By lowering the temperature from 298 to 80
spectrophotometer or on a Beckman diode array DU 7500 spectropho-k - poth the vibrational resolution and absorption intensity
tometer. For absorption measurements at varying temperatures, gncreag0 (Figure 1). Molar extinction coefficients (error limit,

cryostat (Oxford Instruments), equipped with a temperature controller 0 . )
operating between 77 K (if liquid nitrogen was used for cooling) and j.:5 %), measured in 3MP at room temperature on each absorp
tion peak, are reported in Table 1.

500 K, was used. The temperature precision was within°C; the e ) )
accuracy in the temperature control was on the ordet@® °C. The room-temperature emission from FL is assigned as

The irradiation wavelengthslg. = 367, 349, 333, 323, 309, and  fluorescence on the basis of its location, its spectral distribution
294 nm) were selected fabr using the fluorimeter excitation system  which mirrors the absorption, its similarity to other chromehes,
with a band-pass of-46 nm, and foiDpc from the emission of a 150-W  and its calculated lifetime (see below). The excitation spectrum
Xe lamp filtered by a monochromator (Jobin-Yvon H10 UV) with a  reproduces the absorption spectrum, Figure 2 (with some small
ban_d-pass of 816 nm. Eor determiningbpc, the ra_diation_intensity _ loss of intensity on the UV side of the band). Tl is
(which was constant during each run) was determined using pOtaSS'umexcitation-wavelength dependent and varies betwet0r3 and

ferrioxalate actinometry. The intensity of light varied from & 1107 3
to 3.5x 1078 Einstein L'* s in the wavelength range of irradiation. 4 x 107, Table 2. The rate constant for the fluorescence was

A single Gaussian analysis/fit was done for each band of the longest™ gy veech, S. R.; Phillips, D. Jl. Photochem1983 23, 193-217.

wavelength transition (fronv375 to 275 nm) to determine the overlap (9) Mantulin, W. W.; Huber, J. RPhotochem. Photobiol973 17, 139
at the wavelengths and band-passes used for excitation. The truel43.
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Figure 2. Fluorescencelexc = 340 nm (1), fluorescence excitation, A/nm
Aem= 410 nm (2), and absorption (3) spectra of FL in 3MP at 180 K. Figure 3. Time course of the absorption spectrum of FL under

- . . . continuous irradiation.
Table 1. Molar Extinction Coefficients of the Vibronic Bands of

FL in 3MP at 298 K monochromatic excitation into the six vibronic bands efhe

Amax(NmM) € (L mol~tcm™?) Amax(nM) € (L mol~*cm™?) temperature, 260 K, was chosen as a compromise of the
2% L 17;,%8 ggg 3%88 requirement of obtaining reasonable transformation in a realistic
333 8600 535 23 400 time. It was determined that, for short irradiation tlmes, only
321 6800 one species A was produced. As can be seen from Figure 3, an

isosbestic point A = 257 nm) is maintained during short
Table 2. Experimental Fluorescence Quantum Yields(n), of irradiation times. The limit spectrum (240 s irradiation) in Figure
FL as a Function of Vibronic Level Excited in $1 3MP at 260 K 3 corresponds to photostationary state attainment under continu-
n Aexc(NM) D(n) x 10° ous irradiation. The photoproduct is assigned as the “open”
367 4.1+ 0.2 colored form resulting from €0 bond breakage as has been
1 349 3.2:0.2 shown by us for other pyrans and chromenesg\§inone allide
2 333 2.6+0.2
3 323 23+01 structure, refs 1 and 11).
4 309 1.4+ 0.1
5 294 1.1+ 0.1
determined by graphical integration of the absorption and hv
fluorescence spectra using the StrickiBerg equatiot e
) o_ ) ff(v)dv e(v)
ke = 1/°= 8 x1000(In 10jxcN "n*—— [ —dv
S @ Y
@) The production of A upon irradiation of FL is decribed by

wherekg andz® are the radiative rate constant and the natural M€ans of the following kinetic equation

lifetime of the singlet state, respectivetyis the speed of light
in a vacuumN is Avogadro’s numbem is the refractive index
of the medium, anf(¥) ande(v) represent the emission intensity . . . )
and the molar absorption coefficient at the wavenumiger, ~Where®edn) is the quantum yield of the photochemical reaction
(cm™Y), respectively. This equation holds only if the transition °btained by exciting the vibronic level= 0, 1, 2, ... kx is

is fully allowed and is not accompanied by large changes in the bleaching parameter of the thermal back reaction,land
the internuclear distances. In the present case both conditiond®Presents the intensity of the mpnoc_hromatul: excitation light
are fulfilled, as can be seen from thealues, Table 1, and the ~absorbed by FL per time unit (Einstein dins™?). Since the

nature of the absorption and emission spectra (Figure 2). TheSPectrophotometric method is the most suitable for following
result was the reaction kinetics, this equation is conveniently expressed in

terms of the absorbancéy) and molar extinction coefficient
ke=1.75x 1¢fs* (ea) of the photoproduct. Thus, considering 1-cm path length,
the time-dependence of the absorbance of the colored #in (
®¢'s were measured by exciting each of the six vibrational at an analysis wavelength is given by
bands of the first absorption band;, $ee Figure 1. The
temperature of 260 K was chosen in order to have good dA,/dt = epPp(N)le — KyAy 3)
resolution and to match the conditions at whidipc was
measured (see below). Th®g values were excitation- By expressindr. asl®[1 — exp(—2.3Ar.)], whereAg_ is the
wavelength dependent, as previously noted, and depended or@bsorbance of FL at the irradiating wavelength, and substituting
the vibronic level excited, Table 2. IrL in eq 3, the following relationship is obtained
To determine the photochemical yiel®gc), the kinetic
behavior of the photoproduct was evaluated under steady dAu/dt = e, PpM)I°[1 — exp(—2.3Ag)] — K\Ay  (4)

(10) Strickler, S. J.; Berg, R. Al. Chem. Phys1962 37, 814-822. (11) Kolc, J.; Becker, R. SI. Phys. Cheml967, 71, 4045-4049.

dIAVdt = I, @pc(r) — Ky[A] @
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Figure 4. Experimental data treated according to eq 4 (26Qd&=
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Table 3. Experimental Conditions and Data ef®pq(n) as a
Function ofn Determined Using Equation 5 Y
Aexc ] o ea®pc(n) Figure 5. Model for the fate of quanta absorbed into any vibronic
n (hm) (Einstein L'ts™! x 107) Ar (L mol~tcm?) level of Sn (M = 1 here).
0 367 8.14 0.562 1290 o o
1 349 7.98 0.796 1860 wheren = 0, 1, 2, 3 ... was the vibrational/vibronic quantum
2 333 6.89 0.639 2520 number in a given sequence. Using the log of eq 6
3 323 6.00 0.531 2660
4 309 4.81 0.352 2810 _
5 294 3.51 0.183 3090 |Og cI)F(n) =n IOg[kIC/(kIC + kPC)] (7)
straight lines (eq 7) should be obtained from plots of d&gn)
From the absorbance/time curves, the pro@dudep(n) can vs. n of a given sequence, as was foun@he one missing
be obtained by extrapolating the color-forming rate to zero time experimental observation to unequivocally nail down the nfodel
(eq 5). was the determination abpc as a function of n. The fact that
photochemistry was indeed involved seemed secure since for
" (dAL/dt) o ) DEC, DMBC, and several fulgides which were photochromic,
eaPpdn) =+ S) the vibronic effect occurred, whereas in the case of 2,2-
1°[1 — exp(-2.3Ac)]

dihydronaphthalene and one specific fulgide which were not
o o photoreactive the effect did not occur.

An example of the data treatment is given in Figure 4: the | thjs work we have been able to establish both the absolute
reaction was followed up to 10% photoconversion. Siaces ®pc and P as a function of for FL. According to the model
unknown, only theea®p(n) value can be experimentally  originally developetiandwith the additional consideration of
obtained from a single measurement. However, see the laterihe rate constarityr, needed to account for the nonradiative
discussion where, utilizing a newly developed equation, we can and nonreactive paths from the 0 vibronic level af(Bigure

obtainey itself. _ 5), a slightly modified equation results
If the exciting source is removed, the rate parameter of the
thermal bleaching, first order kinetics, can be determined Dp(n) = D(0) D 8)

spectrophotometricallykg = 0.03 s* at 260 K).

To_test @he effect of _v_aryir_lg the vibronic level excited on the where ®-0) = ke/(ke + k) is the fluorescence yield from
reaction yield, the exciting light was selected corresponding to _ 0 of S, Dy = kyl(ky + keg) is the vibrational relaxation
the six different V'bro.mc peaks. The quanta emitted were yield, andn = 0, 1, 2, .... Furthermoreky refers to the rate
measured at each exciting wavelength by ferrioxalate actinom-¢qqant for vibrational relaxatiokec refers to the rate constant
etry (see Experimental Section). The data obtaiag@®pdn), or photoreaction, and@k = kec + knr. Using the In of eq 8
were corrected for the change in absorbance. They are reporteéN

in Table 3. e get

Diseussion In @e(n) = Infke/(ke + k)] + nin[k,/(k, + ked] (9)
On the basis of the observations on DEC and DMBC, a model  Using the experimentabg(n) data in Table 2, a plot of In

and accompanying equation were develdpedich relatedde, ®((n) as a function oh, Figure 6, yielded a straight line with

the internal conversion/vibronic relaxation rate constant, which an excellent correlation coefficient of 0.98. From the slope and
was then denoted &g, kec (photochemistry rate constant), and  intercept

n. As we will see shortly, it is better to refer to the relaxation

process among they,3tates (m= 0) as vibrational relaxation ®,=0.77+£0.02 &(0)=4.3x 1032

ky) reservingknr for nonradiative molecular relaxation from . _
(Sl\/Zo . g (experimental 4.1 10~3%)

N By utilizing the kg value obtained from the Strickler and Berg
@(n) = [kic/(kic + kel (6) integration
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Figure 6. Plot of In ®g(n) (Pr(n) from Table 2) versus the vibronic . . "
level excited (). Figure 7. Plot of the experimental parameters of Table 3, last column,

treated according to eq 11 to determibeg.

— 01

2k =4.0x 10s Table 4. Experimental Photochemical Reaction Quantum Yields
As a Function of n

On the basis of the model, Figure 5, a new relationship was

developed to determin®@pc and its dependence on the vibronic N ferc (NM) Prdn)
level excited 0 367 0.41+ 0.02
1 349 0.60+ 0.02
_ 2 333 0.81+ 0.03
Dpn) = Pp0) D" + Ppl+ @, + @2 + .. D" 2 + 3 323 0.85+ 0.03
n—1 4 309 0.90+0.04
CI)V ) (10) 5 294 0.99+ 0.04
where ®pc = kpd/(kec + kv) and ®p(0) = ked/(kpc + ke +
kNR)- CI)PCZ 1- CI)V =0.3
That is, upon exciting at = 0 (0.23 from the fluorescence measurements)
Dp0) = ko (Kpe T ke + Kyr) By replacingea®pd(0) with the experimental value, 1290 L
mol~t cm™, from eq 12 we obtain
atn=1
€x = (545+ 1290x 0.3)/0.3= 3110
Op{1) = P, (0)D,, + D
rdd) pO)Py PC at 385 nm for the colored form.The determinatiorepfllowed
atn=2 the absolutePpc as a function ofn, ®p(n), to be evaluated
(Table 4). From the ratio op0) (Table 4) to®g(0) (Table
Pp(2) = Bp0)D,2 + Ppl + D) 2), we obtain
and so on. By subtracting the yield correspondingrio—(1) Ppc(0)/P(0) = 100= kodlk

from that corresponding to and then taking the logarithm, a

linear relationship is obtained and from this equation

IN[®p(n) — Bpn — 1)] = (n— 1) In Dy, + In[D,(0) kpc=1.7x 10”5

(Dy — 1)+ @pd (11) using the value ok determined earlier (1.7% 1 s1). Thus
the vibrational relaxation rate constakg, and the nonradiative

Considering that the experiments gigePpd(n), the plot of rate constantiyr, can be calculated
In[(ea®p(n) — ea Ppe(n — 1)] vs (n — 1) should give a straight
line with In ®y as slope and IRk Pp(0)(Py — 1) + e Ppd ky = 4.0 x 10'°s 7 [from k, = koc®\/Ppd

as intercept. Despite the poorer correlation coefficient found

(0.65), Figure 7, compared with that for fluorescence, which is and

due to the intrinsic uncertainty in these kinds of measurements

(resulting from actinometry, taking differences between close kyr = 2.3 x 10°°s?

ea®pd(n) values, etc.), the value oby determined from the

slope, 0.7+ 0.1, corresponds well to that obtained from the (from Zk; = kpc + kngr, USINgZk; obtained from the fluorescence

fluorescence measurementb(= 0.77 + 0.02). measurements).
Moreover, from the intercept (6.3), thex value at an All of the data obtained fit the model given earli@nd here,
analyzing wavelength can be easily obtained. vide supra and Figure 5, regarding competition between
. vibrational relaxation and photochemistry at each vibronic level
M= ¢, DL (0)( Dy, — 1) + 4 Ppc (12) in a sequence. Moreover, using this model and the newly

developed equation, eq 10, based on the same model, we were
The ®pc can be obtained frondy able to determinell of the important parameteBy, ®pc, kpc,
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kv, andkyr. Thus, in the case of FL, the processes involved is (our case) or can be, in general, @bronic-quantum-leel
and their® andk values look as follows (and possible mode) dependence dar and ®pc.

Regarding the vibronic level dependence, it is clear from the
present workhat there is a significant enhancement of the total
dpc as one excites higher and highabronic levels.In earlier

. kpc = 1.7x1010 g-1 work,35 we proposed a similar result based on the behavior
{ kv=4.0x1010 51 Ty of the complementarypr. Thus, it is now clearly possible to

—
¥

alter the efficiency of the photochemistry for a molecule by
judiciously choosing an excitation energy tuned to a particular
level within a mode’svibronic sequenceThis of course

My
g
T represents quite a departure from conventional wisdom that has
M P
g,

believed that vibrational relaxation was essentially the only path
for de-excitation from any vibronic level (of any mode in any
electronic excited state) to the 0 level off om which
photochemistry would occur. Moreover, although it may happen,
knr=2.3x10105-1 kr=1.75x108 s-1 in general, that excitation into a higher electronic state than S
increases th&pc, wet have seen exceptions involving the 0
X level of a next higher electronic state, &lthough®pc did, in
fact, then increase again upon excitation into higher vibronic
@y = 0.70 ®pc = 0.30 levels of S.
Regarding a potential mode dependence (for photochemistry),
we previously found, for example, that excitation into the
From these data, where tkgcis comparable téy, it is clear ~1300-cnT! sequence of DEC compared with the 280-¢m
why, as the excitation occurs from= 0 to n = 5, the ®¢ sequence gave a very different value for the ratidgefkec—
decreases significantly by a factor of 4, Table 2. 0.7 for the~1300-cnT! sequence and 2.8 for the 280-chn
Regarding the question of whether the “vibronic effect” found one. A G-O—C asymmetric stretch has approximately the
for ®r and ®pc is simply an energy-dependent phenomenon, ~1300-cnt! value, and since it is a-€0 bond which is broken
we can show that this is not the case. In the case of DEC, thein photochemistry, this potentially could nicely account for the
value of kic/kec (kv/kpc here) was~3 for one sequence and results observedmportantly, the presence of a mode depen-
only 1 for another sequence, that is, 3 quanta of a 280'cm  dence would offer theery interesting possibility of being able
(total of 840 cm!) sequence have essentially the saineas to change the nature of the photochemistry of a molecule by
1 quantum of a 1300 cm sequencealthough obviously a  changing the mode which is excite@f course the more
greater total excitation energy is involved in the latter dase. “photochemicallyversatile” is the molecule, the more likely it
Again, for DEC, the®r resulting from excitation of the 60 is that such a possibility could become an actuality.
band at 35 960 crt in the second transition was greater than  Obviously, either changing the vibronic level or mode excited
that obtained from excitation at the lower energy of 32 995m  will have a corresponding effect on the efficiency of fluores-
(2-quanta of 1300 cm) in the first transition' In addition, in cence of a molecule also having a photochemical path.
the second transitiohexcitation at 37 655 cmt resulted in Therefore, in an adverse situation where high-energy excitation
almost the same®r as that resulting from lower-energy was used, the use of a lower energy excitation potentially could
excitation at 36 290 crrt. For DMBC ! the ratiokic/kpc varied result in significantly enhanced fluorescence (by suppression
from ~3 to ~7 depending on the sequence and electronic state of photochemistry). Also, for parallel reasons and using a
(S1, S, Sg) involved. ForB-naphthoindolinospiropyran, excita-  parallel technique, it would be potentially possible to alter the

©S — NWRA L B

tion at 29 020 cm* (a combination band) and 27 730 ch(l efficiency of triplet-state occupation where a competitive
quantum of 450 cm) resulted in almost identicab values? photochemical process exists in the singlet manifold.
Also, higher-energy excitation at 28 560 ch(1 quantum of Finally, the presence of photochemistry in the molecules

~1290 cn1?) as opposed to 27 730 cth(1 quantum of 450  considered here and elsewHete allowed for a unique probe
cm™Y) resulted in an increase @br.® This is also markedly  of the molecular dynamic processes of photochemistry, vibra-
noticeable for excitation at 29 530 chhwhere®r was greater  tional relaxation, and fluorescence. Although we will not discuss
than at all energies below iAE is as great as 1800 cH).? it in this paper, our results here and elsewhéfgand others
Finally, recall that, on the basis of the model considered (Figure in progress) impact the mechanism of vibrational relaxation.
5), the new eq 10 (and 11) permits calculation of the extinction We shall consider this in another paper.

coefficient of a partially produced photoproduct armel,
(independent of fluorescence) as well as some rate constants
The ®y determined is in excellent agreement with that obtained
from fluorescence, and the rate constants are in harmony with
expectation as well as with literature data on molecules of this
size.If ®F and ®pc were simply a function of the energy of
excitation, eq 10 would not exist. On the basis of all of the
evidence here and elsewhéefréywe propose the theory that there  JA982933P
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