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Two-color photolysls has hen often used in S~CC~I-O~CV.~~IC studiei; of photochemically generated short-lived 
intermediates: houc\er. only limited WOI-h has been performed on quantitative product analysis associated with 
the two-color photochemlstry.1 The advantage of using IWO wavelengths ior such photolysis has ken pointed 

out, in which the first ~~aa\elength is adjusted to match the absorption of the rtartmg material and the second to 
that of the photochemically generated intermediate, thub increasing the efficiency of two-photon reactions and, 

consequently. the yield of the products. When the reaction IS conducted with two pulsed lasers, however, 
consideration must be given to the time dependence of the concentration of the intermediates after the first laser 
pulse” because the yield of the product formed by the photolysis of the intermediate by the second laser pulse 

should depend on the intcrmcdiate concentration. From this fact II IS postulated that by measuring the delay time 
dependence on the y~cld of the product the time profile at the concentration of the intermediate in consideration 
can be obtained. Thus, this technique may pro\ ide a mean fur obtaining Infurmation on the time profile of the 

intermediate when spectroscopic methods are not appl~AAe hecauxc of the spectroscopic overlapping of several 
species. 

We report here a time-delayed, two-color lacer ph~~tul! \ih of I &hts(phenoxymethyI)naphthalene (la), 
I .8-bis(phenylthiometh> I jnaphthalene (lb), and I ,8 INV pl~cnylselenomethyI)naphthalene (lc) (Scheme 1);2 this 
photolysis technique was applied in order to match the wavelength of the laser to both the starting material and the 
Intermediate. and adJu>t the ttme for the efficient photolyci\ elf the intermediate. The intermediate for the 

formation of the two-photon product. acenaphthene 3. In these rcactlons IS expected to be a monoradical, which 
has two plausible structures.! M, the open-form 2 and the bridged-form 2’. 

2 2’ 
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Scheme 1 
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Fig. I Increment factor for the yield of 
acenaphthene 3 as a function of delay time; 
(a) from la, (b) from lb, (c) from lc. 
The jitter between the XeCl and XeF excimer 
laser pulses is +3 ns. 
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The compounds la-c have considerable absorption at 308 nm (e for la: 890. for lb: 8040, for 1~: 115.50 
dm3.mol-‘cm-t) but nc, absorption at 351 nm for 1a.b and a weak absorption for lc (E : I50 dm3,mol-‘cm-t). 

On the other hand, the mtermediate radicals 2a-c are expected to have strong absorption at 35 I nm because the 
parent 1 naphthylmethyl radical (I), which has the same conjugate x-electron system as that of 2, has strong 
absorption bands at ca. 340 nm and 365 nm,4 and the red shift of the absorption bands by the additional alkyl 
substitution is estimated to be ca. IO nm;5 the absorption of the radicals 2’a-c is expected to appear at longer 

wavelength because of the extended conjugation of the rr-electron system. The intermediates 2a-c and/or 2’a-c 
are generated from la-c by photolysis with a XeCl excimer IaseP (308 nm, 6.2 x 1020 photonsm2.pulse-t) and 
further excited with a XeF excimer laser (351 nm, 9.4 x 102o photonsm-*.pulse-t) to give the two-photon 

product acenaphthene 3. The photolyses of la-c were conducted in cyclohexane (IO-5 mol-t.dm-3) by irradiation 
of three sets of laser pulses: a set of the laser pulses consisted of one pulse of XeCl excimer laser and one 
subsequent pulse of XeF excimer laser with varied delay times in the nanosecond to millisecond region.7 

Control experiments showed no disappearance of the starting materials la,b and only 4% consumption of 
1~ by one-co/or photolysis by XeF laser.8 Moreover, consumption of la-b in the two-color photolysis was 
independent of the delay times and almost the same as that m one-color photolysis by XeCl laser;9 the 
consumption of the starting materials was selectively induced by the XeCl laser. It was confirmed that 120 

decomposition of the two-photon product acenaphthene 3 occurred by XeCl or XeF excimer laser irradiation. 
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The effect of the delay ttme on the formatton of 3 I\ chown in Figs. la-c using the increment factor defined 
as (A-B)& where A i\ the yield of 3 obtained in the tti o ( o/or photolysis and B is the yield of 3 obtained in the 

one-color photolysis by the XeCl laser.9 The increment factor of zero in these figures indicates that 3 was formed 
only by the first XeCl laser pulse and no additional formation of 3 occurred by the subsequent XeF laser pulse.6 
Thus, the increment factor over zero shows additional formation of 3 by the second XeF laser pulse by the 
photolysis of the intermediate 2 and/or 2’. As seen in the figures. the increment factor, i.E., the additional 
formation of 3, strongly depends on the delay time; the highest Increment factor was 1.5 for la, 8.0 for lb, and 
1.1 for lc. 

Within the pulsewidth of the tirst XeCl laser (114 ns) the Increment factor indicates the degree of 
enhancement in the second step of the reaction, namely, 2 and/or 2’ --f 3. However. in the time domain of 
>I4 ns delay time, the increment factor IS expected to reflect the concentration of the intermediate 2 and/or 2’ at 
each delay time since. in this time domatn, 3 IS only fomred by the second XeF laser from the intermediate 2 
and/or 2$ this is clear from the control experiments. It is significant to note that the increment factor has two 
maximal0 for all la-c, the first maximum at O-40 ns and the second at 0.2-0.5 ps. The existence of two maxima 
suggests the presence of at least two photochemtcal paths for the formation of 2 and/or 2’. 

The second maximum can be explained in terms of the path through the long-lived Tt state of 1, i.e., the 
path 1 --3 l*(St) + l*(Tj) + 2 and/or 2’ + 3 in Scheme 2, since the delay time at the maximum is in good 
accord with the expected rise time of 2 through the Tt state. t t The first maximum indicates the existence of 
another path for the fast generation of the intermediate radical 2 and/or 2’. This very fast process can be 
rationalized by a direct fonation of 2 and/or 2’ from the St state of 1. i.e., the path 1 --f l*(Sl) -+ 2 -+ 3 in 
Scheme 2. especially since the existence of such a pathway has been reported for I-(halomethyl)naphthalenes 

(II), t2 whose reactivity is expected to be similar to the first-step reactivity of 1. Acenaphthene 3 obtained by the 
one-color photolysis by the XeCl laser must have been formed through this reaction path because the shortness 
of the pulsewidth of the laser makes it improbable that successive phototysis of the intermediate 2 and/or 2’ 
which is generated through the long-lived Tt state can be conducted wtthin a pulse. 

Scheme 2 

XeF laser 
2 and/or 2’ - 3 

XeCI laser 

1 I/ * l‘(S:) 

In the case of le. acenaphthene 3 was formed not only by the excitation of the naphthalene ring but also by 
the direct excitation of the phenylselenyl leaving groups. It was reported that an increase of the two-photon 
product 3 was observed when the reaction was conducted by the dtrect excitation of the leaving gr0u~s.t~~ 
Therefore, the small increment factor for lc is due to the higher yield of 3 obtained by the one-color photolysis 

by the XeCl laser, which consequently decreased the value of the increment factor. 
The yield of 3 after the second maximum followed a second-order decay. The result implies decrease in the 

concentration of 2 and/or 2’ by dimerization. analogous to the related naphthylmethyl radical (I), for which a 
second-order decay (dimerization) has been reported.4” 

We thank Professor Waldemar Adam. The linrversity of Wurzburg. for valuable discussions and 
comments. 
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5. Absorption maxmum whtch iorre>pond, to tile Sl(rc.rc+) crcitat~on band of the naphthalene ring in 

cyclohexane is 27 I ntn for 1 -(phenoxymethyl )naphthalene \‘s. 27X ntn for la. 285 nm for 1 -(phenylthio- 

tnethy!)naphthalcnc I’.\ _ ‘Y< nm for 1 b. and ?c)T, nm for 1 ~(~~henvlselenometh~!)~~aphthalene 1’5. 302 nm for , 

lc. 

6 In the case of lc. B small amount of the tntermediatc 2c (antl/ot- 2’~) ts also generated by XeF laser: 

however, the effect of the first photoly,ls by Xef, la\cr i\ almost ncgltgthle:g the consumption was 

4.2+0.9% and the yield of 3 was O.lY+O.O7%. 
7 , ‘The cxcimer lasers used were Lambda Physik I:M(; ?Ul hlSC, t\< hm: 26 ns (XeF): and Lambda Physik 

EMG IO2 MSC. fv hm: II ns (SeCI). Delq tnnc. ~h1c11 represents the ttmc betv,cen two peaks of the 

XeC! and XeF !a\er pulse<. W,IS generated by a tour-channel dlgital del,ty/pu!se generator. Stanfot-d 

Research Systems. Inc.. hlodcl D(;5.3. The pro~!u~t\ were ~dent~iict! by comparison of HPLC retentton 

time\ with authentic sampI<‘\. The conru~~~pt~on of la~c and the \ic!d\ of 3 Lvere obtained from four 

Independent run<. 

x. The photoly\is v.as conducted \\lttt three pul\c\ ,) I X(,f’c‘\~ Imel. l.t\cr. The c~)n~umpt~on of lc and the yield 

of 3 were obtatn<d from the a\ rruge of t\\o intlcp~nd~~nr ~runs. 

9. The photolqsis HEX conducted with three pul<cq 01 \;<bi‘i et,c~nier laser and th? result\ \\crc obtained from 

the average of siy lndependenr run>: thr consumptlcjri of 1 and the formation of 3 \~a> ?6.3(+0.5, -0.2)% 

and 0:+I(+0.05. -O.OS)‘:i for la. 71.X(+1.5, 1 .l~‘; mnd 0.6~1+r1.07. -0 I?!? for 1 b. and X3.1(+0.5, 

-0.6Fi and 7.7J(+O.hX. -0.501“; tar lc. 

IO. The minimum between tttt tl\o ma\im,t. hoti,c\cr. nra! hc due to the filter ef.fcct of l*(Tt j for the second 

XcF laser becaucc a conalder-able (Iecrcaac of 2 ,1n~1:~v 2’ iould nrlt be expected in thi< time tloniain. 

I 1 The parent I-naphthylmsth~l radl<,ai (I 1 U.&I\ fo~nnc~l t~(vn i rh;llolncth)l)naphthalcnes (II, through the T, 

state when II wa\ excited 10 the S, qatc. II The l~fctlme~ of the S, and T! Ttates of II were reported to be 

<I rt.\ I5 and 0.5 17.7 FS.~ which are expected 10 br comparable to (hobe of la-c. Addlttonal alkyl 

substttution in II might crtu\e .i sltpht decrease III the Ti lifictime of la-c:lh thcrcfol-e. the rise tltne of 2 

from 1 should be 111 the order of sub-mtcro~econd 

12 The formation of I -naphthylmeth~l radical (1 I front the short-lived S1 stateI ot I-(h,tlometh> I)naphtha!enes 

(11~ has been reparted.?c 


