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A65tract 

X-ray ana1y515, a650rpt10n and 1um1ne5cent 5teady-5tate 5pectr05c0py a5 we11 a5 4uantum-chem1ca1 ca1cu1at10n5 have 6een u5ed f0r 
c0mparat1ve 1nve5t19at10n5 0f 5a11cy11denean111ne (1) an the m0re r191d pheny11m1ne 0f 7-hydr0xy1ndan1ne- 1 (11) m01ecu1e5. 

1n the 1atter the ••a1dehyde•• r1n9 A r0tat10n 15 1nh161ted 6y 1nc1u510n 0f the 5aturated 6r1d9e fra9ment. 
F1u0re5cence w1th an0ma10u5 5t0ke5 5h1ft (A55 f1u0re5cence) 15 typ1ca1 f0r 60th (1) (0n1y 1n 91a55y 501vent) and (11) (1n 114u1d 0r 91a55y 

501vent). 7he A55 f1u0re5cence 0ccur5 0n1y a5 the re5u1t 0f exc1ted-5tate 1ntram01ecu1ar pr0t0n tran5fer (E51P7). 1n 114u1d 501vent5 the E51P7 
1n (1) may 6e f0110wed 6y tw15ted 1ntram01ecu1ar char9e tran5fer (71C7) f0rmat10n v1a ad1a6at1c 90 ° r1n9 A tw15t ar0und the CAR=C 60nd 
1n the C---N 60nd (2)-150mer 0f the 2w1tter10n NH 5tructure. 7he 71C7 5tate 15 0ne 0f the channe15 t0 4uench the A55 f1u0re5cence 0f (1) 1n 
the 114u1d 501vent. 

7he c0mp0und (11) 15 f0und t0 have n0 ph0t0chr0m15m un11ke (1). 7he ph0t0chr0m15m 0f the 1atter 15 c0nnected n0t 0n1y w1th E51P7 6ut 
a150 w1th r1n9 A 60-80 ° tw15t a60ut the CAR=C 60nd 1n the C=N (E)-150mer 0f the NH 5tructure. 

1t 15 pr0p05ed that the ph0t0c010red f0rm 0r191nate5 fr0m the c0ncerted d1a6at1c pr0ce55 (r1n9 A tw15t and (2)-(E) 150mer12at10n) c0mpet1n9 
w1th A55 f1u0re5cence and the f0rmat10n 0f the ••71C7-11ke•• 5tructure. 

Keyw0rd5: 5a11cy11denean111ne; Ph0t0chr0m15m; F1u0re5cence; An0ma10u5 5t0ke5 5h1ft; Exc1ted-5tate 1ntram01ecu1ar pr0t0n tran5fer; 7w15ted 1ntram01ecu1ar 
char9e tran5fer 

1.1ntr0duct10n 

Ad1a6at1c exc1ted-5tate 1ntram01ecu1ar pr0t0n tran5fer 
(E51P7) 0 H ~ N H  1n the 51 5tate 15 kn0wn t0 6e a pr1mary 
5tep 0n1y 1n the c0mp1ex pr0ce55e5 0f ph0t0c010rat10n and 1n 
the 0r191n 0f the f1u0re5cence w1th an0ma10u5 5t0ke5 5h1ft 
(A55  f1u0re5cence) f0r 5a11cy11denean111ne (1) and re1ated 
m01ecu1e5 [ 1-7 ]. 

W1th 5teady-5tate exc1tat10n, A55  f1u0re5cence and ph0- 
t0c010rat10n may 0ccur 0n1y 1n r191d matr1ce5, e5pec1a11y 1n a 
91a55y 501vent at 77 K a5 we11 a5 1n cry5ta15 [ 1-5] .  

7hu5 the m01ecu1ar 5tructure chan9e5 cau51n9 the A55  
f1u0re5cence 4uench1n9 and the c010red f0rm decay are 1nh16- 
1ted 6y v15c0u5 med1a (••v15c051ty 6arr1er••). 

* C0rre5p0nd1n9 auth0r. 

1010-6030 / 96 / $15.00 • 1996 E15ev1er 5c1ence 5.A. A11 r19ht5 re5erved 
P11 5 1 0 1 0 - 6 0 3 0 ( 9 6 ) 0 4 3 3 0 - 4  

0~ 

1 ~ 1:0 ,*.h "5 

(1) (1~) 0r (1c01) 

hvatm 

(•1) (R -H )  d1•) 

(111 ~ (R-cH3) (111" 

0H  - En01  5~c t t a t~  NH  - 1~et0 - -  2w1 t~ r10n  .~11~c1a5,r¢ 

7he a55umpt10n wa5 made that the nece55ary 5tep 0f ph0- 
t0c010rat10n may 6e c0nnected w1th the NH- • - 0 60nd d15- 
rupt10n due t0 the r1n9 A tw15t ar0und the C---C 60nd 1n the 
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9r0und 5tate (1c0j) (NH) 5tructure [4]. 7he r1n9 A r0tat10n 
may 1nh161t the rever5e 9r0und-5tate NH ~ H0  pr0t0n tran5- 
fer and 5ecure5 the meta5ta6111ty 0f the c010red NH 5tructure 
f0rmed 6y the E51P7. A5 a re5u1t 0f the tw15t the tran5p1anar 
( 0 = 7r) [ 1,5 ] 0r n0n-p1anar (0 < 0 < 7r) ••c1501d•• [ 4,8-10] 
c010red NH meta5ta61e 5tructure5 (w1th 11fet1me c0ntr011ed 
6y med1um v15c051ty) may 6e f0rmed. 

7hu5 the 5tructura1 n0n-r191d1ty 15 pr06a61y the ma1n fact0r 
1n the exp1anat10n 0f 60th the f1u0re5cent and the ph0t0- 
chr0m1c pr0pert1e5 0f m01ecu1e (1). H0wever, d1rect pr00f 0f 
the r1n9 A tw15t r01e and data 0n the tw15t de9ree are m1551n9. 
1t 15 06v10u5 that, 1n the pheny11m1ne 0f 7-hydr0xy1ndan1ne- 
1, (11) r1n9 A r0tat10n ar0und the C=C 60nd 15 1nh161ted 6y 
the 6r1d9e fra9ment 1nc1u510n. 

7heref0re 1n the pre5ent w0rk the c0mparat1ve 5tudy 0f (1) 
and (11) ha5 6een carr1ed 0ut t0 e1uc1date the r01e that r1n9 A 
r0tat10n p1ay5 1n the ph0t0chr0m15m and A55 f1u0re5cence 
0f m01ecu1e (1). 

2. Exper1menta1 deta115 

A650rpt10n 5pectra were rec0rded w1th a 5pec0rd M40 
5pectr0ph0t0meter (6ermany).  F1u0re5cence em15510n and 
exc1tat10n 5pectra were mea5ured w1th an E1um1n 2M 5pec- 
tr0f1u0r0meter (Ru551a) and c0rrected f0r 1n5trument 
re5p0n5e. F0r 1n1t1at10n 0f the ph0t0react10n5 a h19h pre55ure 
H9 1amp DR5h-250 w1th 91a55 119ht f11ter5 wa5 u5ed. C0m- 
merc1a11y ava11a61e 0r9an1c 501vent5 emp10yed 1n exper1- 
ment5 were f0und t0 91ve n0 detecta61e f1u0re5cence under 
the exper1menta1 c0nd1t10n5. F0r c0mparat1ve X-ray 5tud1e5 
0f the 1n1t1a1 5tructure5 0f (1) and (11), the c0mp0und (11~) 
wh1ch 15 ana1090u5 t0 (11) c0u1d 0n1y 6e 06ta1ned a5 51n91e 
cry5ta15 5u1ta61e f0r the 1nve5t19at10n. 

1t ha5 6een determ1ned 6y pre11m1nary 5tud1e5 that the 
a650rpt10n, 1um1ne5cence 5pectra and ph0t0chem1ca1 pr0p- 
ert1e5 0f (11) and (111) are very 51m11ar (5ee 7a61e 3). 

1n the X-ray 5tudy, the 1nten51t1e5 0f the 1ndependent n0n- 
2er0 ref1ect10n5 were mea5ured w1th a DAR-UM a5 aut0mat1c 
d1ffract0meter (Cu Ka rad1at10n). A650rpt10n wa5 ne91ected. 

7he 5tructure wa5 501ved 6y the d1rect meth0d and ref1ned 
6y the fu11-matr1x 1ea5t-54uare5 meth0d 1n the an150tr0p1c 
appr0x1mat10n (150tr0p1c f0r hydr09en at0m5) t0 R =0.06, 
u51n9 the pr09ram REN76EN-75. 

Quantum-chem1ca1 ca1cu1at10n5 0f the ener91e5, the 05c11- 
1at0r 5tren9th 0f the e1ectr0n1c tran51t10n5 and the e1ectr0n 
char9e d15tr16ut10n 1n the 50 and 51 5tate5 have 6een c0n- 
ducted 6y the CND0/5  [ 11,12] and 5CFM0 PPP [ 13] (f0r 
the p1anar 5tructure5) meth0d5. 

3. Re5u1t5 and d15cu5510n 

7he c0mparat1ve data 0f the X-ray 5tud1e5 0f the 5tructure5 
(1) and (11~) are pre5ented 1n F19. 1 and 1n 7a61e 1.80th the 
c0mp0und5 were f0und t0 6e (2) (w1th re5pect t0 the C=N 
60nd, 4 ,=0 °) en01 (0H)  5tructure5 w1th ac0p1anar an111ne 
r1n9 8 ( ~ = 4 9  and 51 ° f0r (1) and (111) re5pect1ve1y) and 
c0p1anar ••a1dehyde•• fra9ment w1th r1n9 A (0 =  0 °) 5ta61- 
112ed 6y the 1ntram01ecu1ar hydr09en 60nd 0 - H .  • • N. C0r- 
re5p0nd1n9 60nd 1en9th5 and an91e5 were f0und t0 6e 51m11ar. 

7hu5 the pa1r5 0f 5tructure5 (1) and (111) a5 we11 a5 (1) and 
(11) are ana1090u5 and the 5tructure (11) d1ffer5 fr0m (1) 0n1y 
6y the 6r1d9e 9r0up C (7) -C ( 8)--C ( 9 ) -C (6) 1nh161t1n9 r1n9 
A tw15t ar0und the C( 1 ) -C(7)  60nd. 

7he a650rpt10n 5pectra 0f the c0mp0und5 (1) and (11) are 
5h0wn 1n F19.2 and 1n 7a61e 2. 

7he data 0n the 4uantum-chem1ca1 ca1cu1at10n5 f0r the 51 
5tate 0f the5e 5tructure5 are pre5ented 1n 7a61e 3. 

F0r the c0mp0und 5tud1ed, the a650rpt10n 6and p051t10n5 
are very c105e 6ut the 6and 5hape5 d1ffer 5tr0n91y. 7he 1ack 
0f the exp11c1t f1ne 5tructure 1n the 6and 0f (11) un11ke (1) 
may 6e c0nd1t10ned 6y 1nh161t10n 0f the def0rmat10n v16ra- 
t10n5 0w1n9 t0 1nc1u510n 0f the 6r1d9e 9r0up. At the 5ame 
t1me the ca1cu1ated and exper1menta1 data f0r the 52-5tate 
ener9y c0nf0rm we11. 

Acc0rd1n9 t0 the 4uantum-chem1ca1 data the f1r5t e1ectr0n1c 
50-51 tran51t10n 1n (1) and (11) 15 c0nnected 6a51ca11y ( 80% ) 
w1th 1ntram01ecu1ar char9e tran5fer fr0m r1n9 A p055e551n9 
an 0H 9r0up 1nt0 the C=N 60nd. 8ecau5e 0f th15 ph0t01n- 

0 

2 

0 

(1) 

0 

5 

(111) 

F19. 1.7he X-ray 5tructure5 0fthe m01ecu1e5 5tud1ed (5ee 7a61e 1 ). 
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7a61e 1 

7he ma1n c0mparat1ve X-ray data f0r (1) and (11~) " (f0r the 6a51c 60nd 1en9th and an91e5, 5ee F19. 1 ) 
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Fra9ment 80nd 1en9th5 (,~) An91e5 (°) 

7ype (1) ( 111 ) 7ype (1) (111 ) 

A r1n9 6 C-C  1.384 1.387 C - ( - C  

8 r1n9h C-C  1.382 1.390 C - (  C 

8r1d9e 9r0up (2 ( 1 ) -C  ( 7 ) 1.453 1.435 C ( 1 ~-C ( 7 ) -N 
C ( 7 ) - N  1.294 1.293 C(71-N C(1•) 
N-C(1•) 1.419 1.412 0 
C ( 7 ) - C ( 8 )  - 1.518 ~6 
C ( 8 ) - C ( 9 )  - 1.558 4) 
C ( 9 ) - C ( 6 )  - 1.517 

H 60nd 9r0up C ( 2 ) - 0  1.347 1.349 C(2 ~ -0 -H  
0 - H  0.89 0.84 0 - H .  • • N 
N . . . H  1.81 2.18 

2(•30 120.0 

200  120.0 

21 9 120.8 
21 2 121.8 

0 0 
0 0 

490  507  

118.7 119.0 
148.2 125.0 

" Deta11ed data have 6een 91ven 1n Ref. [ 14] .  
h 7he mean va1ue5 f0r C-C  60nd5 and C - C - C  an91e5 0f the  r1n95 are 91ven. 
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F19. 2. A650rpt10n and f1u0re5cence 5pectra 0f the 5tud1ed c0mp0und (1) 
and the m0de1 c0mp0und (11) (501vent, 91a55y 4:1 ( v / v )  150pentane: 150- 
pr0pan01 m1xture: c0ncentrat10n, 2 × 10- 4 M and 2 × 10 -6 M f0r a650rpt10n 
and f1u0re5cent mea5urement5 re5pect1ve1y w1th th1ckne55 0f the cuvette 1.0 
cm; exc1tat10n 0f the f1u0re5cence, 365 nm):  curve5 1 and 2, a650rpt10n and 
f1u0re5cence 5pectra re5pect1ve1y 0f (1); curve5 3 and 4, a650rpt10n and 
f1u0re5cence 5pectra re5pect1ve1y 0f (11). 

duced e1ectr0n den51ty red15tr16ut10n 1n 51 5tate the 1ncrea5e 
1n the 0 H  ac1d1ty and C = N  6a51c1ty can 1ead t0 E51P7 1n 
60th 5tructure5. A5 a re5u1t 0f th15 e1ectr0n1c tran51t10n (exc1- 
tat10n 1n the 10n9-wave1en9th 6and, AH9 = 365 nm) the A55 
f1u0re5cence ar15e5 0w1n9 t0 E51P7. 7he em15510n exc1tat10n 
and a650rpt10n 5pectra c01nc1de we11, a5 5h0wn 1n F19.3.7he 
em15510n ha5 a rather h19h 4uantum y1e1d 1n the 114u1d and 
91a55y 501ut10n5 0f (11) (7a61e 2) un11ke (1) wh1ch f1u0re5ce5 
fee61y 1n the r191d 91a55y 501ut10n 0n1y. 

An 1ncrea5e 1n the v15c051ty 0f the p01ar 501vent (1n the 
temperature re910n 293--77 K) re5u1t5 1n a 61ue 5h1ft 0f the 

em15510n 6and 0f (11) (•Fa61e 2). 7h15 61ue 5h1ft 15 065erved 
a5 a re5u1t 0f the 1nh161t10n 0f the 0r1entat10n re1axat10n 0f the 
p01ar 501vent m01ecu1e51n the ca5e 0f a decrea5e 1n the 501ute 
m01ecu1e e1ectr1c d1p01e m0ment fr0m 1/xc j (1n the exc1ted 
A55 f1u0re5cent 5tructure (11*)) t0 ]/x91 ( 1n the 9r0und-5tate 
5tructure (11)) [15],  1.e. 1~e1 > 1/-%1. 

7he em15510n 6and5 (at 77 K) 0f60th m01ecu1e5 are h19h1y 
51m11ar, hav1n9 a typ1ca1 f1ne v16r0n1c 5tructure (F19. 2 and 
7a61e 2). 1t theref0re f0110w5 fr0m the a60ve c0mparat1ve 
f1nd1n95 that 1n (1) (a5 we11 a5 1n the r191d m0de1 5tructure 

7a61e 2 
7he a650rpt10n and f1u0re5cence character15t1c5 0f the c0mp0und5 5tud1ed 
1n a 4:1 (v /v )  1n 150pentane:150pr0pan01 m1xture 

unm,x 5t0ke5 5h1ft ~"  C0mp0und u a6 max 
(cm 1) ( cm-1 )  (cm t) 

( 1 ) 30000 
(19500, 18850) ~ 10500 ~ =0.001 ~ 

(11) 31600 19000, 18580 126(10 0.044 
( 19400, 18800) 

( 11L ) 31250 18380, 17690 12870 0.041 
( 18790, 17950 ) ~ 

"At  7 = 7 7  K. 
t, 7he d1fference 6etween the max1ma 0f the m0m-tenaperature a650rpt10n 
and 10w temperature ( 77 K ) em15510n 6and5• 

7a61e 3 
Character15t1c5 0f the  5L 5tate 0fthe en01 5tructure 

Ener9y (eV) A4 ~ 

Ca1cu1at10n Exper1ment 6 A r1n9 0 H  9r0up C = N  9r0up 8 r1n9 

3.69 3.72 +0.075 ~ 0.031 -•3.140 +0.034 
(3.87~ 

"Chan9e 1n the char9e when exc1ted 1n the 5t 5tate• 
6 Max1mum 0f the a650rpt10n 10n9-wave1en9th 6and 1n 150pentane f0r (1) 
and (11) (1n parenthe5e5). 
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F19. 3. Ph0t0c010rat10n 0f (1) (f0r mea5urement c0nd1t10n5 5ee F19. 2): 
curve5 1, 2 and 3, a650rpt10n, A55 f1u0re5cence em15510n and exc1tat10n 
5pectra re5pect1ve1y 0f the 1n1t1a1 f0rm (1) (6ef0re 1rrad1at10n) ; curve5 4, 5 
and 6, a650rpt10n, f1u0re5cence em15510n and exc1tat10n 5pectra re5pect1ve1y 
0fthe c010red f0rm (1c00 (after 1rrad1at10n f0r 20 m1n at 365 nm). 

(11)) the exC1ted 2W1tter10n C15 (w1th re5pect t0 the C = C  
60nd) NH 5truCtUre ((1*),  0 = 0  °) f0rmed 6y E51P7 15 
re5p0n5161e f0r A55 f1U0re5CenCe. 

7he5e data a150 te5t1fy t0 the CrUC1a1 r01e 0f r1n9 A tw15t 1n 
the A55 f1U0re5CenCe 4Uench1n9. 1n fact, 1n (1) Un11ke (11) 
the 4UenCh1n9 ••tw15ted 1ntram01eCU1ar Char9e tran5fer 
(71C7)-11ke•• NH 5trUCtUre w1th 0rth090na1 r1n9 A ((1*),  
0 = 9 0  °) may 6e f0rmed ad1a6at1Ca11y after E51P7. 7h15 
mechan15m may 6e a55umed 6y ana109y w1th 0ne 5U99e5ted 
ear11er [ 16-18].  1n fact, the 4Uantum-Chem1Ca1 data f0r the 
m0de15truCture (1A) (7a61e 4) 06ta1ned recent1y 6y U5 (5em- 
1emp1r1ca1 PM3 meth0d) p01nt c1ear1y t0 the ex15tence 0f the 
m1n1mum 0n the p0tent1a1 5urfaCe 0f the 5~ 5tate w1th the 
p01ar 5tructure (/xe= 12.5 D) and a very 5ma11 ener9y 9ap 
6etween exc1ted ( 51 ) and 9r0und (50) 5tate5 ( A E = 0.63 eV) 
at 0 = 90 °. 7hu5 the tw15t m19ht re5u1t 1n 4uench1n9 0f the 
A55 f1u0re5cence 0f (1) 1n 114u1d 501ut10n5. An 1ncrea5e 1n 
the 501vent v15c051ty at 10w temperature ar15e5 1n the h1n- 
drance 0f the r1n9 A tw15t, 1ncrea51n9 the f1u0re5cence eff1- 
c1ency (7a61e 2). 

Acc0rd1n9 t0 exper1menta1 data there 15, h0wever, an add1- 
t10na1 em15510n 4uench1n9 channe1 c0nnected w1th the f1ex1- 
6111ty 0f the m01ecu1ar 5tructure (1). 1n fact the 10w 
f1u0re5cence eff1c1ency 0f (11) w1th ••fr02en•• r1n9 A 1n the 
114u1d 501ut10n (7a61e 2) may 6e 1nd1cat1ve 0f A55 f1u0re5- 
cence 4uench1n9 due t0 tw15t ar0und the C = N  60nd 1n 60th 
(1) and (11) 6y ana109y w1th the C = C  60nd [ 16]. F0110w1n9 
the pre11m1nary exam1nat10n undertaken 0n the m0de1 c0m- 
p0und (111) w1th 1nh161ted tw15t ar0und the C = N  60nd, 1t wa5 
f0und un11ke (1) t0 6e fee61y f1u0re5cent 1n the 114u1d 501ut10n 
( 7 = 293 K) w1th A55 ( A ~, = 9000 c m -  t ) 6ecau5e 0fE51P7 
((111) --* (111*)). 

0~ ~ 

11U) (111*) 

7he we11-kn0wn ph0t0chr0m15m 0f (1) 1n r191d med1a and 
cry5ta15 (5ee 5ect10n 1 ) 15 c0nnected w1th the ph0t01nduced 
f0rmat10n 0f the c010red 5tructure (1c01) hav1n9 the 10n9- 
wave1en9th a650rpt10n 6and w1th max1ma at a60ut 480 and 
540 nm (F19.3). 

A 519n1f1cant exper1menta1 fact c0n515t51n the 1ack 0f ph0- 
t0c010rat10n 0f (11) under the 5ame c0nd1t10n5 1n 5p1te 0f the 
E51P7 react10n (5ee a60ve). Hence the f0rmat10n 0f a met- 
a5ta61e ph0t0c010red 5tructure 6y 1rrad1at1~4 0f the 1n1t1a1 
c0mp0und (1) mu5t 6e c0nnected n0t 0n1y w1th E51P7 6ut 
a150 w1th the r1n9 A tw15t. 7hu5 d1rect pr00f 0f the cruc1a1 
r01e 0f the r1n9 A tw15t 1n the ph0t0chr0m15m 0f m01ecu1e 
(1) ha5 6een pr0v1ded. 

7he c0ncrete 5tructure 0f the NH c010red f0rm w1th tw15ted 
r1n9 A (1~0~) (the va1ue 0f the an91e 0) 15 the next e55ent1a1 
pr061em wh1ch ha5 6een exam1ned 6y 4uantum-chem1ca1 
ca1cu1at10n5. 

A5 f0110w5 fr0m the data pre5ented (7a61e 4) the f1r5t (50- 
51 ) e1ectr0n tran51t10n 1n the NH 5tructure 0f (1) 15 c0nnected 
e55ent1a11y w1th char9e tran5fer fr0m the ket0 r1n9 A t0 the 
C = N  9r0up a5 we11 a5 1n the m0de1 5tructure (1a) hav1n9 n0 
r1n9 8. 7heref0re 1t 1~ expected that character15t1c5 0f the 
tran51t10n depend 5tr0n91y 0n the r1n9 A tw15t. 

7he tran51t10n ener9y fa115 (the wave1en9th 0f the a650rp- 
t10n 6and max1mum 5h1ft5 t0 red) 0n an 1ncrea5e 1n the r1n9 
A ac0p1anar1ty w1th the extremum 0f 90 ° (Em1n = 1.92 eV; 
A=645  nm) (7a61e 5). Acc0rd1n9 t0 the data 0f 60th the 
C N D 0 / 5  and PPP meth0d5 0f 4uantum-chem1ca1 ca1cu1a- 
t10n5 the p1anar tran5 ( 0 =  180 °) a5 we11 a5 c15 ( 0 = 0  °) 
5tructure5 (1c0~) cann0t 6e re5p0n5161e f0r the 065erved 
a650rpt10n 6and5 0f the c010red f0rm (Amax = 480 and 540 
nm (F19. 2) ). A c0nf0rm1ty 0f the exper1menta1 and ca1cu- 
1ated 6and p051t10n5 15 065erved at 0 = 60-80 ° w1th a 5ma11 
05c111at0r 5tren9th 0f the tran51t10n (7a61e 5). F0r the 5ame 
an91e5, a 5tr0n9 char9e 5eparat10n 0ccur5 6etween r1n9 A and 
the C = N  60nd 1n the n0n-p1anar NH 5tructure (7a61e 6). 

1n 0ther w0rd5 the weak1y a650r61n9 NH ac0p1anar (6ut 
n0t tran5•) 2w1tter10n1c 5tructure 15 re5p0n5161e f0r the ph0- 
t0chr0m15m 0f the 5a11cy11denean111ne m01ecu1e. 

7a61e 4 
Red15tr16ut10n 0f the char9e A4 1n the NH 5tructure (0= 0 °) 0n exc1tat10n 
( 50 --* 51 ) 1n the 5tud1ed and m0de1 m01ecu1e5 

C0mp0und A 4 

0 at0m A r1n9 C=N 9r0up 8 r1n9 

(1), (11) + 0.019 +0.090 -0.128 +0.019 
(1A) a +0.023 +0.073 -0.096 - 

a M0de15tructure w1th0ut 8 r1n9: A -C=N+H2. 
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7a61e 5 
Dependence 0f the ener9y E ( wave1en9th A) and 05c111at0r 5tren9thf0f the 
10we5t e1ectr0n tran51t10n ( 50 --• 5 ~ ) 0n A r1n9 tw15t 0 1n the NH 5tructure " 

0 E A f102 
(°) (eV) {nm) 

0 2.87 (2.76) 43•2 (449) 22.6 (54.01 
30 2.84 436 6.9 
40 2.71 457 
50 2.57 482 
60 2.43 510 0.7 
70 2.26 548 
80 2.09 593 0.8 
85 2.01 617 
90 1.92 645 0.9 
95 2.01 617 

1(10 2.10 590 
110 2.28 544 
120 2.47 502 0.3 
130 2.64 470 
140 2.82 440 
150 2.99 415 0.1 
180 2.99 (2.82) 414 (440) 43.1 (73.01 

7he under11ned va1ue5 and va1ue51n parenthe5e5 (f0r f1at 5tructure5) were 
ca1cu1ated 6y CND0/5  and PPP meth0d5 re5pect1ve1y. 7he 0ther5 are 
06ta1ned 6y 11near 1nterp01at10n. 

7he a60ve 5tructure 0f the c010red f0rm a110w5 u5 t0 under- 
5tand why the act1vat10n ener9y 0f the dark 61each1n9 react10n 
(30 kJ m01 - ~ [ 8,19 ] ) f0r (1) wa5 f0und t0 6e much 1e55 than 
that 0fthe tran5-c15150mer12at10n a60ut the C=C 60nd ( 160- 
170 kJ m01 ~ [8 ] ). A5 th15 meta5ta61e 5tructure ha5 a very 
5h0rt 11fet1me 1n the 114u1d 501vent5, 10 6 - 1 0 - 7  5 [ 19], 1t 15 
5ta61112ed 6y r191d med1a, e5pec1a11y 1n the 91a55y 501vent at 
77 K. 1n the5e c0nd1t10n5 the f1u0re5cence c0rre5p0nd1n9 t0 
the a650rpt10n 6and 0f the c010red f0rm wa5 065erved (F19. 

31. 
Acc0rd1n9 t0 exper1menta1 data, th15 em15510n 15 n0t 

exc1ted 1n the 10n9-wave1en9th a650rpt10n 6and 0f the 1n1t1a1 
f0rm (1) and d1ffer5 5tr0n91y fr0m the A55 f1u0re5cence (F19. 
3). Hence the ph0t0c010red 5tructure 0r191nate51n the 9r0und 
5tate fr0m the exc1ted 5tate d1rect1y, 1.e. the ph0t0c010rat10n 
15 the d1a6at1c (••n0n-ad1a6at1c••) pr0ce55. 

H0wever, the mechan15m and ener9et1c5 0f 5uch an unu- 
5ua1 tw15ted 5tructure are n0t 5uff1c1ent1y c1ear and further 
5tud1e5 0f th15 pr061em are nece55ary. P055161e mechan15m5 
may 6e c0n51dered. 7he tw15t ar0und the C---N 60nd 1n the 
NH 5tructure 15 a150 a55umed t0 6e re5p0n5161e f0r d1a6at1c 

f0rmat10n 0f the c010red 5tructure w1th tw15ted r1n9 A. 1n fact, 
(111) w1th the 1nh161ted r0tat10n ar0und the C:=N 60nd 15 n0t 
f0und t0 6e ph0t0chr0m1c un11ke (1) 1n 91a55y 501vent ( 7 =  77 
K) 1n 5p1te 0f the E51P7 and 0f the r1n9 A tw15t 0pp0rtun1ty. 
H0wever, acc0rd1n9 t0 0ur pre11m1nary data 0f 4uantum- 
chem1ca1 ca1cu1at10n5, the r0tat10n ar0und the C=N 60nd 6y 
1t5e1f (0°< 45< 180 °) cann0t 1ead t0 the appearance 0f the 
typ1ca1 10n9-wave1en9th 6and5. 

0n the 0ther hand, there are 50me 11nd1n95 [21,22] 1nd1c- 
at1ve 0f the ex15tence 0f a meta5ta61e tw15ted NH 2w1tter10n 
5tructure f0rmed 6y a r0tat10n ar0und 60th the C---C and the 
C=N 60nd5 ( 0 = 70°; 45 = 180 ° 1 wh1ch may 6e re5p0n5161e 
f0r c010rat10n. 

Pre11m1nary 5upp051t10n may theref0re 6e made a60ut the 
r01e 0f the 5ter1c 1nteract10n5 1n the ( E)-150mer 0f NH 5truc- 
turc w1th re5pect t0 the C=N 60nd 6ctween the N-Ph 9r0up 
and r1n9 A, re5u1t1n9 1n tw15t 0f the 1atter 1n the c0ncerted 
d1a6at1c pr0ce55 0f ph0t0c010rat10n. 

7he mechan15m 0f c010red 5tructure f0rmat10n 15 ex- 
p10red n0w and w111 6e d15cu55ed 1n deta11 1n the next 
c0mmun1cat10n. 

0n the 6a515 0f the a60ve-de5cr16ed re5u1t5, u51n9 the we11- 
kn0wn k1net1c data c0ncern1n9 the ph0t01nduced pr0ce55e5 
1n (1) [ 6,20-221, a 51mp11f1ed 5cheme may 6e 5u99e5ted (F19. 
4). 7he pr1mary ph0t01nduced pr0ce55, a fa5t E51P7 1n the 
5~ 5tate, 1ead5 t0 the f0rmat10n 0f the p1anar NH 5tructure 
(1*) wh1ch 15 re5p0n5161e f0r the A55 f1u0re5cence d15p1ayed 
1n r191d med1a 0n1y. Afterward5, tw0 pr0ce55e5 c0mpet1n9 
w1th the A55 f1u0re5cence and 6etween them5e1ve5 can 0ccur, 
ad1a6at1c r1n9 A tw15t 1ead1n9 0n1y 1n the 114u1d 501vent t0 the 
••71C7•• 5tate ((1*), 0=90  °) 1n the (2) 5tructure 0fthe NH 
f0rm w1th re5pect t0 the C=N 60nd. 7h15 5tructure make5 a 
c0n51dera61e c0ntr16ut10n t0 the A55 f1u0re5cence 4uench1n9. 
7he pr0ce5515 rever5161e c0mp1ete1y v1a the 9r0und 5tate and 
1nh161ted 6y the r191d med1a (••v15c051ty 6arr1er~) 1n the 5~ 
5tate. 1n 60th 114u1d and r191d med1a, 1n 5p1te 0f a ~v15c051ty 
6arr1er•• 1n the 1atter, the c0ncerted d1a6at1c pr0ce551nc1ud1n9 
( 2 ) - ( E )  150mer12at10n a60ut the C- N 60nd and r1n9 A 70 ° 
r0tat10n ar0und the C=C 60nd may 6e the 0r191n 0fthe fee61y 
f1u0re5cent c010red f0rm (1~,,~). 1t 15 a55umed t0 have a n0n- 
p1anar 5tructure a5 the re5u1t 0f a 5ter1c 1nteract10n 6etween 
the N-ary1 and ket0 A r1n95 501e1y 1n the (E)-150mer w1th 
re5pect t0 the C ~:N 60nd. 7he ph0t0chr0m1c react10n may 6e 
an add1t10na1 eff1c1ent channe1 0f A55 f1u0re5cence 4uench- 
1n9. 1n 114u1d 501vent5 the 9r0und-5tate rever5e pr0ce55 0f 

7a61e 6 
7he d15tr16ut10n 0f the char9e 0n the fra9ment5 0f the NH 5tructure 0f (1) depend1n9 0n A-r1n9 tw15t 

0 0 at0m A r1n9 C=N 9r0up 
(°) 

8 r1n9 /x~ ( D ) " 

0 -0.458 +0.133 --0.180 +0.5(14 3.78 
60 0.500 +0.017 0.018 +0501 5.21 
80 - 0.527 + 0.077 + 0.090 ~- 0514 6.78 
90 - 0.545 + 0.140 + 0.162 + 0.523 7.85 

"E1ectr1c d1p01e m0ment 1n the 9r0und 5tate. 
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Phen0men0n: Ph0t0c010rat10n A55  F]u0r. 

Pr0ceu: A-r1n9 aud E51P7 
C~-N - r0tat10n 

4-- 

A55 F1u0r. 4uench. 

A-r1n9 tw15t 

--4 

PM3 meth0d 0f 4uantum-chem1ca1 ca1cu1at10n wh1ch w1116e 
pu6115hed 1n deta111n the next c0mmun1cat10n. 7h15 w0rk wa5 
5upp0rted 6y 6rant f0r 5c1ent1f1c Re5earch 94-03-09302 fr0m 
the Ru551an Fund 0f Fundamenta11nve5t19at10n. 

~ ~7 (1) . . . .  (1) 77 

0 0 c 0 
-+ + j• -+ 

~ A55 1A6, , 5 ~ / ~  ~ 

2 ; /  • 2 

1-- -• 

• <1) • 1 /  • 
= 1- 1 -1 1 

180, 360 90, 180 0 •r 0 A r  0 90 180 
An91e5 0,0 (de9ree) React10n c00rd1nate An91e 0 (de9ree) 

a10n9 0 - H  hQnd 

.7..7. v15c051ty 6arr1er at 77K 
- react10n path 

F19.4. 5Chemat1c repre5entat10n 0f the ph0t01ndUCed pr0Ce55e5 1n the 5a11- 
cy11denean111ne m01ecu1e. 

61each1n9 ( t=  10 -7 5) 0ccur5. 1n r191d med1a the 61each1n9 
15 dra5t1ca11y de1ayed (t = 10 51n p01y (methy1 methacry1ate), 
at 7 =  290 K, and depend5 0n temperature and v15c051ty) [4] 
and wa5 f0und t0 6e v1rtua11y a65ent 1n the 91a55y 501vent at 
114u1d-n1tr09en temperature 0w1n9 t0 the ••v15c051ty 6arr1er•• 
1n the 9r0und 5tate. 

7he 5cheme 15 pr0p05ed t0 6e 4ua11tat1ve1y va11d f0r cry5- 
ta15 a150. 
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