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A65tract 

7ran51ent a650rpt10n 5pectra were 065erved 6y the 1a5er f1a5h ph0t01y515 0f 1,80615(ha10methy1)naphtha1ene5 f0r C1 and 8r 5u6511tuent5.1n 
the ct150 0f 1,8-615(eh10r0methy1)naphtha1ene, the ma1n tran51ent ~650rpt10n 6and5 at 340 and 365 nm were attr16uted t0 the car60n.centred 
rad1ca1 wh1ch wa5 f0rmed 6y 60nd f15510n 0f 0ne 0f tw0 C-C1 60nd5. 1n the ca5e 0f the d16r0m0 der1vat1ve, the tran51ent 6and5 appeared at 
435 and 350 nm. 7he 350 nm 6and wa5 a5519ned t0 the car60n-centred rad1ca1.8ecau5e 0f the 10w reaet1v1ty t0 02 and tr1p1et 4uencher5, the 
me;n tran51ent a650rpt10n 6and appear1"9 at 435 t1m wa5 attr16uted t0 the rearran9ed rad1ca15.7he rad1ca1 5tructure5 were 6a5ed 0n m01ecu1ar 
0r61ta1 ca1cu1at10n. 

Keyw0rd5: La5er f1a5h ph0t01y515; 1,8-815(ha10methy1)naphtha1ene5; Free rad1ca15; Ph0t0d1550c1at10n 

1.1ntr0duct10n 

Many ph0t0Chem1Ca1 react10n5 have 6een C0ndUCted W1th 
ha10methy1ar0mat1C51n 0rder t0 5tUdy the ener9y d1551pat10n 
0f ph0t0Chem1Ca1 pr0Ce55e5 6eCaU5e they are 900d 50UrCe5 
f0r the 5ta61e 6en2y1-type rad1Ca15 when ph0t01y5ed 1n n0n- 
p01ar med1a. 7ran51ent 5peetr05C0p1C meth0d5 5uch a5 1a5er 
f1a5h ph0t01y515 have 0ften 6een emp10yed t0 C0nf1rm the 
preCUr50r5 0f 5UCh rad1Ca15 [ 1-7 ]. H0wever, the ha10methy1- 
ar0mat1c c0mp0und5 1nten51ve1y 5tud1ed 50 far are m05t1y 
m0n05u65t1tuted der1vat1ve5. 1n n0n-p01ar 501vent5, 60th 1- 
(ch10r0methy1) naphtha1ene ( m0n0-C1MN ) and 1 - ( 6r0m0- 
methy1)naphtha1ene (m0n0-8rMN) are rep0rted t0 y1e1d 
naphthy1methy1 (NM) rad1ca1 a5 5h0wn 1n 5cheme 1 [8,9]. 
7he exc1ted 5tate5 re5p0n5161e f0r the 60nd c1eava9e 0f C=C1 
and C-8r  have 6een 5u99e5ted 6y var10u51nve5t19at0r5 [ 10- 
15 ]; w1th the wave1en9th 0f the ph0t01y515 119ht, the exc1ted 
5tate5 chan9e fr0m the tr1p1et 5tate t0 the 51n91et 5tate. 

1n prev10u5 paper5, we have rep0rted that acenaphthene 
wa5 eff1c1ent1y f0rmed fr0m 1,8-615(ha10methy1)- 
naphtha1ene5 6y 1a5er ph0t01y515 a5 5h0wn 1n 5cheme 2 [ 16- 
18 ]. 7he y1e1d 0f acenaphthene var1ed w1th the wave1en9th 
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and f1uence 0f the 1a5er 119ht. 1n 9enera1, the 6r0m0 der1vat1ve 
wa5 m0re react1ve than eh10r0 der1vat1ve5.5uch 065ervat10n5 
rec.1u1red 0f u5 d1rect 065ervat10n 0f react10n 1ntermed1ate5 
5uch a5 car60n-eentred rad1ca15 and the exc1ted 5tate5. 

1n th15 5tudy, we have rep0rted the re5u1t5 0f the 1a5er f1a5h 
ph0t01y515 0f 1,8-615 (ch10r0methy1) naphtha1ene (d1-C1MN) 
an(] 1,8-615(6r0m0methy1) naphtha1ene (d1-8rMN). 1n the5e 
ca5e5, 1t 151ntere5t1n9 that a 6r1d9ed rad1ca1 can part1c1pate 1n 
the react10n, wh1ch m19ht chan9e the character15t1c5 0f the 
mtermed1ate rad1ca15 (5cheme 2). An0ther 1ntere5t 1n th15 
5y5tem 15 whether 1t 15 p055161e t0 065erve an 1ntermed1ate 
1,8.-naphth04u1n0d1methane 0r n0t [ 19-25]. 

1a the pre5ent rep0rt, we have a5519ned the tran51ent a650rp- 
t10n 6and5 0f d1-C1MN and d1-8rMN 1n c0mpar150n w1th 
m0n0-C1MN and m0n0-8rMN 0n the 6a515 0f the react1v1t1e5 
0f tr1p1et 4uencher5. 1n add1t10n, 5em1emp1r1ca1 m01ecu1ar 
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0r61ta1 (M0) ca1cu1at10n5 were perf0rmed 1n 0rder t0 5upp0rt 
the 1nterpretat10n 0f the exper1menta1 re5u1t5. 

2. Exper1menta1 deta115 

2.1. Mater1a15 

501vent5 u5ed f0r the tran51ent a650rpt10n mea5urement5 
were 0f 5pectr05c0p1c 9rade. 1,8-615(ha10methy1)- 
naphtha1ene5 were prepared fr0m 1,8-615(hydr0xymethy1)- 
naphtha1ene 6y treatment w1th c0ncentrated H8r 0r HC1 at 
r00m temperature, 7hey were u5ed f0r 1a5er f1a5h ph0t01y515 
exper1ment5 after recry5ta1112at10n fr0m 6en2ene-hexane. 1- 
(ha10methy1) naphtha1ene5 were purcha5ed fr0m A1dr1ch. 

2.2. Apparatu5 

La5er f1a5h ph0t01y515 apparatu5 wa5 a 5tandard de519n w1th 
an Nd:YA6 1a5er hav1n9 pu15e5 0fca. 6 n5 durat10n [ 26-28 ]. 
7he 501ut10n wa5 ph0t01y5ed w1th FH6 119ht (266 nm). 7he 
t1me pr0f11e5 were f0110wed 6y a p60t0mu1t1p11er 5y5tem 1n 
the v15161e re910n. 7ran51ent 5pectra were rec0rded w1th a 
mu1t1¢hanne1 ph0t0d10de 5y5tem. 7he 1a5er ph0t01y515 wa5 
perf0rmed f0r the 501ut10n 1n a rectan9u1ar 4uart2 ce11 w1th a 
10 mm 0pt1ca1 path. 7he m0n1t0r1n9 119ht wa5 5e1ected w1th 
6and-path f11ter5. De0xy9enat10n 0f the 501ut10n wa5 per- 
f0rmed 6y Ar 6u6611n9 and the 02-5aturated 501ut10n wa5 
prepared 6y 02 6u6611n9. A11 the mea5urement5 were carr1ed 
0ut at 23 *C. 

2.3. M01ecu1ar 0r61ta1 ca1cu1at10n 

7he M0 ca1cu1at10n5 w¢re p¢rf0nncd w1th PM3 and 
MND0 meth0d5 u51n9 M0r,~c •93, 

3. Rmu1t5 and d15cu5510n 
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Wave 1en9th(nm) 
F19, 1,7ran51~nt a650rpt10n 5pectra 065erved a1ter 1a5er ph0t01y515 0f m0n0- 
C1MN ( 1 mM) w1th 266 nm 119ht 1n d08a55ed eyc10hexane. Decay pr0f11e5 
at 360 nut 1n the a65ence and pre5ence 0f 02 (2.1 mM) are a150 5h0wn. 

nm 6and decayed rap1d1y 1n the pre5ence 0f ferr0cen0 
(E7t = 42.8 kca1 m01- t [30] ). 7hu5, the a650rpt10n 6and at 
345 nm wa5 attr16uted t0 the car60n-centred rad1ca1,1.e. NM 
rad1ca1.0n the c0ntrary, the 6and at 420 nm wa5 a5cr16ed t0 
the tr1p1et 5tate, wh05e Ex, 15 6etween 43 and 59 kca1 m01- t; 
the va1ue 15 c0n515tent w1th the rep0rted Er~ •59.6 kca1 
m01 - t 0f 1-methy1naphtha1ene [ 29 ]. 7he5e a5519nment5 are 
1n 900d acc0rd w1th prev10u5 rep0rt5 [ 10-13 ]. 7he 065erved 
11fet1me 0f the tr1p1et 5tate (0.5-0.7 p5) wa5 a150 51m11ar t0 
that rep0rted prev10u51y [ 11,12]. 

1n the a65ence 0f the tr1p1et 4uencher5 (F19. 2), the r15e 0f 
NM rad1ca1 wa5 c0mp1eted 6ef0re the c0n5umpt10n 0f the 
tr1p1et 5tate at the 420 nm 6and. 7h15 f1nd1n9 5u99e5t5 that the 
NM rad1ca1 wa5 n0t a1way5 f0rmed thr0u9h the tr1p1et 5tate 
0f m0n0-C1MN. 7h15 15 1n a9reement w1th the c0nc1u510n 
der1ved 6y 510cum and 5chu5ter wh0 c0nc1uded that 50me 0f 
the ph0t0c1¢ava8e 0ccur5 fr0m the exc1ted 51n91et 5tate [ 10]. 

1n the t1me pr0f11e at 360 nm 6and (F19. 1 ), a rap1d r15e 
and decay were 065erved f0r a1r-5aturated 501ut10n 

3,1, A5519nment 0f tran51ent 5pec1e5 

7he tran51ent 5pectra 065erved 6y the 1a5er f1a5h ph0t01y515 
0f m0n0-C1MN 1n de8a55ed cyc10hexane w1th 266 nm 119ht 
ere 5h0wn 1n F19, 1, 7he ma1n tran51ent a650rpt10n 6and5 
appeared at 345 and 3150 nm w1th a weak 6r0ad 6and 1n the 
400-450 nm re910n, 7he5e a650rpt10n 6and5 decayed re1a- 
t1ve1y 510w1y 1n de8a55ed 501ut10n, wh11e the decay rate5 w¢re 
aece1erated 0n add1t10n 0f a1r, 7he decay at 360 nm 15 a150 
5h0wn 1n the f19ure; 51nce a 51m11ar t1me pr0f11e wa5 065erved 
f0r 345 nm, 60th 0f the 6and5 were a5519ned t0 the ,~m¢ 
5pec1e5, 

1n F18, 2, the t1me pr0f11e 0f the r15e and decay 0f m0n0- 
C1MN at 360 nm and 420 nm 15 5h0wn 1n the pre5ence 0f 
tr1p1et 4uencher5, 0n  add1t10n 0f tran5-p1pery1ene (tr1p1et 
ener9y Er1 = 59,2 kca1 m01- • [ 291 ), the decay5 0f the 365 
nm and 420 nm 6and5 were n0t acce1erated, wh11e the 420 
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F19, 2. 71me pr0f11e5 at 360 and 420 nm 06ta1ned fr0m m0n0-C1MN 1n 
de9a55ed 501ut10n 1n the a65ence 0f tr1p1et 4uencher (curve5 a) and 1n the 
pre5ence 0ftran5-p1pery1ene (0.5 mM) (curve5 6) and ferr0cene (0.5 mM) 
(curve5 c). 
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( [ 0 : ]  =2.1 mM) [29]. Fr0m the decay the react10n rate 
c0n5tant k(02) 0f NM rad1ca1 w1th 02 wa5 eva1uated t0 6e 
3.7 × 109 M-  t 5- ~. 7h15 va1ue 15 51m11ar t0 that rep0rted f0r 
car60n-centred rad1ca15 5uch a5 the 6en2y1 rad1ca1 [ 31 ]. 

1n the t1me pr0f11e5 0f the NM rad1ca1 1n F19.2, there 15 a 
t1me fa9 (0.5/.L5) 6etween the tr199er t1me 0f the 1a5er pu15e 
and the t1me at wh1ch the NM rad1ca1 e0ncentrat10n reache5 
a max1mum, wh11e the t1me fa9 0f the tr1p1et 5tate 15 5h0rt 
(0.25/.~5). 0n  add1t10n 0f 02, h0wever, the t1me 1a9 0f the 
NM rad1ca1 6ec0me5 5ma11 a5 5een 1n F19. 1. At the pre5ent 
t1me, the rea50n why the 10n9 t1me 1a9 15 065erved 0n1y f0r 
the NM rad1ca1 1n de0xy9enated 501ut10n 15 n0t c1ear; 5uch a 
t1me fa9 15 n0t a1way5 065erved 1n t1me pr0f11e5 0f the 1ater 
f19ure5 a5 5h0wn 5u65e4uent1y. 1t may 6e nece55ary t0 exc1ude 
the effect 0f the f1u0re5cence 0r 5cattered 119ht 0n the t1me 
pr0f11e5 1mmed1ate1y after the 1a5er pu15e. 

7ran51ent a650rpt10n 5pectra 065erved 6y the 1a5er ph0t00 
1y515 0fd1-C1MN 1n de9a55ed cyc10hexane are 5h0wn 1n F19. 
3, 7he tran51ent a650rpt10n 6and5 tha1 appeared at 370 and 

340 nm 5eemed t0 decay 0n the 5ame t1me 5ca1e, 5u99e5t1n9 
the 5ame 5pec1e5.7he5e 6and5 decayed rap1d1y 0n the add1t10n 
0f a1r t0 the 501ut10n; the decay at 340 nm 15 a150 5h0wn 1n 
F19. 3 .0n  the c0ntrary, ne1ther 0f the decay rate5 wa5 acce1- 
erated 0n add1t10n 0f tr1p1et 4uencher5 5uch a5 ferr0cene and 
p1pery1ene. 7heref0re, 60th 0f the tran51ent a650rpt10n 6and5 
at 370 and 340 nm were a5519ned t0 the car60n-centred rad1ca1 
(C1M-NM rad1ca1 1n 5cheme 2). 51nce the react1v1ty 0f the 
C1M-NM rad1ca1 t0 0:. 15 51m11ar t0 that 0f the NM rad1ca1 a5 
115ted 1n 7a61e 1, the rad1ca1 centre may n0t 1nteract w1th the 
rema1n1n9 C1 at0m. 

We can a150 exc1ude the p05516111ty 0f a5519n1n9 the5e 
tran51ent 6and5 t0 1,8-naphth04u1n0d1methane, wh1ch 15 
rep0rted t0 exh161t a 5tr0n9 a650rpt10n 6and at 340 nm and a 
weak 6and at 500 nm [321, 6ecau5e the 11fet1me 0f 1,8- 
naphth04u1n0d1methane 15 ca. 100/.~5 wh1ch 15 10n9er than 
the 065erved 11fet1me (7 #5) fr0m the t1me pr0111e 1n F19.3. 
7he a650rpt10n 6and 0f C12 (330 nm w1th ~ = 60 M- ~ cm- 
[33] ) 15 1n the 5ame re910n a5 the 065erved tran51ent 6and5; 
h0wever, ~ 0f the C12 6and at 330 nm may 6e t00 5ma11 t0 6e 
065erved fr0m the tran51ent a650rpt10n 5pectra. 

1n the ca5e 0f m0n0-8rMN (F19. 4), the ma1n tran51ent 
a650rpt10n 6and appeared 1n the 10n9 wave1en9th re910n (at 
440 nm) acc0mpan1ed 6y a 6and at 360 nm. 7he decay rate 
0f the 360 nm 6and wa5 10wer than that 0f the 440 nm 6and 
1n de9a55ed 501ut10n. A rap1d r15e and decay 0f the 360 nm 
6and wa5 a150 065erved 1n a1r-5aturated ph0t01y515, 51m11ar t0 
that 0f m0n0-C1MN. Furtherm0re, 0n add1t10n 0f 02 t0 the 
501ut10n, 60th 0f the 6and5 exh161ted tw0 decay c0mp0nent5. 
0ne c0mp0nent decayed rap1d1y f0r 60th the 6and5 0n add1- 
t10n 0f 02, wh11e the 0ther rema1ned unchan9ed a5 5h0wn 1n 
the t1me pr0f11e5 0f F19.4. 

0n  the add1t10n 0f tr1p1et 4uencher5 5uch a5 ferr0cene and 
tran5-p1pery1ene, aece1erat10n 0f the decay rate wa5 065erved 
f0r the rap1d1y decay1n9 part5 0f the 440 nm 6and. 1n F19.5, 
a650rpt10n 0f the rap1d1y decay1n9 part 15 5h0wn 1n 5pectrum 
a, wh1ch wa5 eva1uated 6y 5u6tract1n9 5pectrum 6 06ta1ned 
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Wave 1en9th(nm) 
F19. 3.7ran51ent a650rpt10n 5pectra 065erved after 1a5er ph0t01y515 0f d1- 
C1MN ( 1 mM) w1th 266 nm f19ht 1n de9a55ed cyc10hexane. Decay pr0f11e5 
at 340 nm 1n the a65ence and pre5ence 0f ()~ (2.1 mM) are a150 5h0wn. 

7a61e 1 
React10n rate c0n5tant5 k "16r the react10n5 w1th ~ad1ca14uencher and 1r1p1et 
5tate 4L,encher51n cyc10hexane 

C01np0and A ...... k (()~) " k ( 1,3-C11D ) • 
(nm) (M=1 5 ~ 1) ( M - t  50,) 

M0n0-C1MN 360 3.7 x 109 N0 react10n 
D1-C1MN 340 3.0 X 109 N0 react10n 
M0n0-8rMN 360 2,9 X 109 N0 react10n 

440 1.7X 10 ~ 2.0X 109 
D1-8rMN 350 0.7 X 109 N0 react10n 

435 N0 react10n N0 react10n 

a Each va1ue may c0nta1n the exper1menta1 err0r 0f + 15%, 
6 D1ffu510n-c0ntr011ed rate c0n5tant kd 1n cyc10hexane 15 ca1cu1ated t0 6e 
5.6× 109M -1 5 -1. 

1,3-Cyc10hexad1ene. 
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Wave 1en9th(nm) 
F19.4.7ran51ent a650rpt10n 5pectra 065erved after 1a5er ph0t01y515 0f m0n0- 
8rMN ( 1 mM) w1th 266 nm 119ht 1n de9a55ed cyc10hexane. Decay pr0f11e5 
at 360 and 440 nm 1n the a65ence and prc~ence 0f 0 : ( 2 . 1  mM) are a150 
5h0wn. 

1n 02-5aturated 501ut10n fr0m the 5pectrum 06ta1ned 1n 
de9a55ed 501ut10n (F19.4). A1th0u9h 60th 6and5 0f 5pectrum 
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R9, 5.7ran51ent 5pectrum 0f the fe11 decay 5pec1e5 0f 1~n0-8rMN (5pec. 
trum a) 06ta1ned 6y 5u6tract1n9 the tran51ent 5pectrum 0f m0n0-8rMN 
06ta1ned 1n 0=-5aturated 501ut10n (at 1 ~ after 1a5er pu15e) (5pectrum 6) 
fr0m the t0ta1 5pectrum 1n F19.4 (a1 0,.~ ~5 after 1a5er pu15e), 

a were 0= 5en51t1ve, 0n1y the 6and at 440 nm 15 4uenched 6y 
a tr1p1et 4uencher 5uch a5 1,3-cyc10hexad1ene, wh05e F-,r= 15 
49 kca1 m01 = = [ 29]. 7hu5, th15 6and 15 attr16uted t0 the tr1p1et 
5tate 0f m0n0-8rMN. 7he tran51ent 6and at 360 nm can 6e 
a5cr16ed t0 the car60n-centred rad1ca1 (NM rad1ca1) 6ecau5e 
1t wa5 react1ve 0n1y t0 0=. 7he5e a5519nment5 ate c0n515tent 
w1th that 0f m0n0-C1MN; the 6and 5hape 0f F19.4 at 360 nm 
15 a150 51m11ar t0 that 0f F19. 1. C0mpared w1th m0n0-C1MN, 
an 1ncrea5e 1n the rat10 0f the tr1p1et 5tate t0 the rad1ca1 0f 
m0n0-8rMN 15 due t0 the acce1erat10n 0f 1nter5y5tem 
cr0551n9 6y a heavy at0m effect, 

1n 5pectrum 61n F19.5, the 6and at 440 nm 15 6r0ader than 
that 0f the rap1d1y decaY1n9 part, a1th0u9h the a650rpt10n peak 
15, 6y acc1dent, 51m11ar, 7he 510w1y d¢caY1n9 part can 6¢ 
attr16uted ne1ther t0 the u5ua1 car60n.c¢ntred rad1ca1 n0r t0 
the tr1p1et 5tate, 6ecau5e 0f the 10w react1v1ty t0 0=, 0n¢ 
p055161e a5519nment 0f 5pectrum 615 t0 8r=, wh1ch ha5 a650rp. 
t10n max1mum at 420 nm (e = 200 M = tcm = t [ 33 ] ); 51nce 
8r= 15 5ta61e 1n 501ut10n, the 065erved 510w decay may 6¢ 
attr16uted t0 the react10n 0f 8r= w1th rad1ca1 5pec1e5 5uch a5 
the car60n-centred rad1cal An0ther p055161e a5519nment 0f 
5pectrum 6 15 t0 a char9e tran5fer 6and 6etween a 8r at0m 
and 5tart1n9 m0n0-8rMN [ 34,35 ]. 

1n the ca5e 0fd1-8rMN, 51m11ar tran51ent a650rpt10n 5pectra 
t0 th05e 0f m0n0-8rMN were 065erved a5 5h0wn 1n F19. 6, 
a1th0u9h the 6and at 435 nm 6ecame 6r0ader than that fr0m 
m0n0-8rMN, A weak a650rpt10n 6and a150 appeared at 350 
nm, wh1ch 15 attr16uted t0 the car60n-centred rad1ca1 (8rM- 
NM rad1ca1) fr0m the 51m11ar1ty 0fthe a650rpt10n peak t0 that 
0f the NM rad1ca1. 8ecau5e 0f the 10w react1v1ty t0 02 a5 
5h0wn 1n 7a61e 1, appr0ach 0f0= t0 the car60n-rad1ca1 centre 
may 6e 5ter1ead1y h1ndered 6y ne18h60ur1n9 8r at0m, 

7he 5pec1e5 re5p0n5161e f0r the ma1n 6and at 435 nm wa5 
n0t 5en51t1ve t0 0=, 5u99e5t1n9 that m05t 0f the a650rpt10n5 
c0u1d n0t 6e a5cr16ed t0 e1ther the tr1p1et 5tate 0r the n0rma1 
car60n-centred rad1ca1. 7r1p1et 4uencher5 5uch a5 ferr0cene, 

0 . ~  •• •• • •• - • - -  

= [ ~ , ~  340 nm ~ ~ ~ ,~a~1 .  5 - 

~ . a1 

m 

0 0 . , . ,  1 Nk. •°• 3 

% 0  . . . . .  4 0 0  . . . . . . . . . .  5 0 0  " . . . .  

Wave 1en9th(nm) 

F19. 6. 7ran51ent a650rpt10n 5pectra 065erved after 1a5er ph0t01y515 0f d1- 
8rMN ( 1 mM) w1th 266 nm 119ht 1n de9a55ed cyc10hexane. Decay pr0f11e5 
at 350 and 435 nm 1n the a65ence and pre5ence 0f0= (2.1 mM) are a150 
5h0wn. 

p1pery1ene and 1,3-cyc10hexad1ene a150 d1d n0t affect the 
decay curve at the 435 nm 6and. A p05516111ty f0r the a5519n- 
ment 0f the peak 15 a 8r-6r1d9ed rad1ca1 (1n 5cheme 2). 1f 
the d15tr16ut10n 0f the unpa1red e1ectr0n 15 d1fferent fr0m that 
0f the car60n-centred rad1ca15 5uch a5 the NM rad1ca1, 1t 15 
c0nce1va61e that rad1ca15 ex15t w1th 10w react1v1ty t0 02. A5 
an0ther p055161e a5519nment, 5u65e4uent rearran9ement may 
0ccur fr0m the 6r1d9ed rad1ca1.1n the 6r0ad a650rpt10n 1n the 
re910n 350-500 nm, 8r2 may a150 6e 1nv01ved 51m11ar1y t0 
m0n0-8rMN. 

3.2. M01ecu1ar 0r61ta1 ca1cu1at10n 

1n 0rder t0 c0nf1rm the a5519nment5 0f the tran51ent a650rp- 
t10n 6and5 0f the XM-NM rad1ca1 de5cr16ed a60ve, M0 ca1- 
cu1at10n5 were perf0rmed. 7he d15tr16ut10n 0f the unpa1red 
e1ectr0n den51t1e5 0f 50M0 15 111u5trated 1n F19. 7 w1th the 
h¢at 0f f0rmat10n. Wh¢n the 9e0metry 0pt1m12at10n wa5 
5tarted fr0m the n0n-6r1d9¢d rad1ca15, they c0nver9ed t0 n0n- 
1nteract1n9 rad1ca15, 1n wh1ch the unpa1red e1ectr0n wa5 
ma1n1y 10ca112ed 0n the P.v 0r61ta1 0f the 1-methy1 car60n 
at0m, wh1ch 15 perpend1cu1ar t0 the naphtha1ene r1n9 P,. p1ane. 
5uch r0tat10n had 5ter1c cau5e5 0n1y, n0t e1ectr0n1c. 

0n the c0ntrary, when we 5tarted fr0m the 5ymmetr1c 
6r1d9ed rad1ca15, the 0pt1m12ed 9e0metry c0nver9ed t01nter- 
act1n9 0pen rad1ca15, 1n wh1ch the ha109en at0m appr0ached 
the 1-methy1 car60n at0m 50me e1ectr0n1c rea50n5, when the 
MND0 meth0d wa5 emp10yed. F0r the C1M-NM rad1ca1, the 
1nteract1n9 0pen 5tructure 15 5119ht1y m0re 5ta61e than the n0n- 
1nterac,~1n9 0pe~15tructure. 0n the c0ntrary, the 0pp051te ten- 
dency wa5 f0und f0r 8rM-NM rad1ca1; the pr06a6111ty 0f 
f0rmat10n 0f a 8r-6r1d9ed rad1ca1 6ec0me510w. 

Ha109en-5u65t1tuted acenaphthene rad1ca15 were 5u99e5ted 
6y the PM3 meth0d. 1n the ca5e 0f the C1-5u65t1tuted acen- 
apththene rad1ca1, the unpa1red e1ectr0n de10ca112e5 0n the ~r 
0r61ta15 0f the naphtha1ene 5ke1et0n. 1n the ca5e 0f the 8r 
der1vat1ve, the unpa1red ~ e1ectr0n 10ca112e5 much 0n the 8r 
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py=0.903 (~H;~ ~2"~-C "1:py=0.9 ....... : C1~1 : 

50M0 50M0 
~H10tmatmn = 60.39 kca11m01 

(PM3) 
AHf0rmat10,,= 61.62 kCa11m01 AH10rmat10n = 55.16 k¢a11m01 

(MND0) (MND0) 

Reference5 
H2C--CHa 

C1 0.225 

0.077 [ 1 ] 

0.075 0.340 [2]  
50M0 

AHf0,mat(0n = 49.17 kCa11m01 [ 3 ] 
(PM3) 

[41 

....... :h•r: [51 

1h=0.903 (~H=~ Ha~8~r: pv=0.9 ° ~  H2C- -C"2  '•r 0.520 [61 

0.025 
0,m~ 0,042 181 

50M0 50M0 80M0 [9]  

AH1mmm10~ = 71,53 kc811m01 1PM3) AHf0)m~U0n = 54.70 kca1/m01 [ 101 
•H10+m=110n r. 73.20 k¢a11m01 AH1mm-tmn = 74,67 kCa11m01 (PM3) [ 1 1 ] 

(MN00) (UND0) [ 12 ] 

F19. 7. Unpa1red ¢r e1ectr0n den51ty 0f 50M0 and heat 0f f0rmat10n f0r 
C1M=NM and 8rM=NM rad1ca15 wh1ch ar~ 0pt1m12ed 6y M0 meth0d5; p~, 
151n p1ane. 

at0m. 5uch a 8 r M - N M  rad1ca1 w0u1d 6e rea50na61y expected 
t0 6e 1e55 react1ve t0 02. 1n the rearran9ed rad1ca1, the ca1- 
cu1ated 60nd 0rder 0f C-8r wa5 0.65, 1nd1cat1n9 that the C- 
8r 60nd 15 n0t weak, n0t 11ke the n0rma1 char9e tran5fer 
c0mp1ex (•a" c0mp1ex). 7h15 15 1n acc0rd w1th 0ur prev10u5 
exper1menta1 re5u1t5 wh1ch 5h0wed c1ear1y that the react10n 
pr0duc1n9 acenaphthene pr0ceeded 6y the tw0-ph0t0n- 
pr0ce55. 

4. 5ummary 

Car60n-centred rad1ca15, wh1ch exh161ted 02-5en51t1ve 
a650rpt10n 6and5 1n the re910n 330--370 nm, were pr0duced 
6y the ph0t01y515 0f f0ur ha10methy1naphtha1ene5 exam1ned 
1n th15 5tudy. 1n the ca5e 0f the car60n-eentred rad1ca15 fr0m 
1,8-615(ha10methy1) naphtha1ene5, the 5tructure and react1v- 
1ty were d1fferent f0r C1 and 8r at0m5. F0r the 8rM-NM 
rad1ca1, the ne19h60ur1n9 8r at0m may h1nder the react1v1ty 
0f the car60n-centred rad1ca1. 7he 02-1n5en51t1ve tran51ent 
5pec1e5 pr0duced fr0m d1-8rMN wa5 attr16uted t0 rearran9ed 
rad1ca15. 
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