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A651raet 

F0ur dyad5 fr0m 9.anthr01c ac1d and d1fferent xanthene dye511nked w11h the 5ame f1ex161e 6r1d9e were 5ynthe512ed and character12ed. 7he1r 
ph0t01nduced 51n91et e1ectr0n tran5fer and ener9y tran5fer, 1nterm01ecu1ar1y and 1ntram01ecu1ar1y, were 5tud1ed 6y 5tat1c and dynam1c 
f1u0re5cence 4uench1n9 and the c0mpar150n 0f exc1tat10n 5pectra and a650rpt10n 5pectra. 7he re5u1t5 were d15cu55ed fr0m the v1ewp01nt 0f 
5tmc1ura1 fact0r5, e5pec1a11y c0nf0rmat10n 0f the dyad5. 

Keyw0rd5: Ph0t01nduced 51n91et 1nteract10n5; Xanthene dye5; Anthr01c ac1d 

1. 1ntr0duct10n 

A5 m0de15 0f the ph0t0chem1ca1 react10n centre 1n the 
1m1tat10n 0f ph0t05ynthe515, many dyad5 and even p01yad5 
have 6een 5ynthe512ed and 5tud1ed [ 1 ]. We have a150 d0ne 
50me 0f th15 k1nd 0f w0rk u51n9 xanthene (XN) dye5 a5 
ph0t05en51t12er5 [ 2-12]. 70 revea15tep 6y 5teep the re1at10n- 
5h1p 0f ph0t01nduced e1ectr0n tran5fer (E17) and ener9y 
tran5fer (En7) eff1c1enc1e5 t0 var10u5 5tructura1 fact0r5, th15 
t1me we 5ynthe512ed f0ur dyad5 c0mp05ed 0f anthr01c ac1d 
and d1fferent XN dye5 w1th the 5ame f1ex161e 6uty1ene 6r1d9e. 
7he1r a650rpt10n 5pectra, exc1tat10n 5pectra, f1u0re5cence 
5pectra, f1u0re5cence 11fet1me5, and 5tat1c and dynam1e f1u0- 
re5cence 4ueneh1n9 were determ1ned. 7he1r 1nterm01ecu1ar 
and 1ntram01ecu1ar ph0t01nduced 51n91et e1ectr0n tran5fer and 
ener9y tran5fer were 5tud1ed. 7he1r d1fference51n eff1c1enc1e5 
are d15cu55ed. 

2. Exper1menta1 deta115 

2.1. 5ynthe515 and 5tructure a5519nment 

5ynthe515 0f9-anthr01c ac1d ethy1 e5ter (ANEt), ethy1 e5ter 
0f f1u0re5ce1n (FLEt), ethy1 e5ter 0f e051n (E0Et),  ethy1 
e5ter 0f erythr051n (EREt), ethy1 e5ter 0f r05e 6en9a1 (R8Et) 
and n-6r0m06uty1 e5ter 0f anthr01c ac1d wa5 de5cr16ed 1n 
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Ref5. [ 11,13]. 7he 5ynthet1c pr0cedure f0r the dyad5 15 
5h0wn 1n f0110w1n9 5cheme. 

(4•) 
R0 

(5~) R1 ~ . ~ , R 1  (3•) 
L11,P 0 

(6•) R 1 ~ "  C0 N0 C0CH2CH2CH2CH28r 

171R 2 R2121 + ~ ~ K•, DMF, 100eC . 

N . 0 ~ 0 r ~ 0  ~ ,0 , 
R~(8) R2(4) 

(XN N0~) (AN (CH,~)48r) 

R10 

J.,,... ,J~ 11 (; 0 6 d ,1 . . . . . . . . . . . .  
k R11"~f~-~C0-CH;~CH2CH2CH2 ~0C XN-AN 11R 1 R 2 

t 1 t  • f 1 f . . . . . .  

( X N -  AN) 

Let u5 take E0-AN f0r an examp1e. 690 m9 0f E0Na2 
(e051n d150d1um, 1.0 mm01) and 350 m9 0f AN(CH2)48r 
(.-6r0m06uty1 e5ter 0f anthr01c ac1d, 0.97 mm01) were d15- 
501ved 1n 30 m1 d1methy1f0rmam1de (DMP) 501vent, a 11tt1e 
K1 (p0ta551um 10d1de) wa5 added and the m1xture wa5 5t1rred 
at 100 °C f0r 5 h; the DMF 501vent wa5 evap0rated und¢r 
reduced pre55ure, the re51due wa5 5eparated 1n a 5111ca 9e1 
c01umn and, after wa5h1n9 w1th ethy1 acetate and M ".H 
(methan01) (5:1,6y v01ume), the red part wa5 c011ec, ~. 1•he 
5eparat10n wa5 repeated unt11 the c0mp0und wa5 pur1f1ed, 
7he chem1ca1 5h1ft5 were mea5ured and are a5519ned acc0rd- 
1n9 t0 the f1ne 5p11tt1n9 1n 7a61e 1. 
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7a61e 1 
7he chem1ca15h1ft5 0f E0-AN 1n Me0H 

Pr0t0n5 Chem1ca15h1ft 
(ppm) 

P~ak 

5hape 

a, 6 1.52-1.63 
c, d 4.04-4A8 
• 7.53-7.61 
f 8.14-8.17 
9 8.77 
h 7.92-7.94 
1 7.84-7.86 
j 1.74-7.78 
k 7.50-7.52 
1 6,97 

Num6er 

where A and F repre5ent a650r6ance and f1u0re5cence 
5tren9th re5pect1ve1y. 0 den0te5 the reference c0mp0un0. 
Anthracene (AN) and ethy1 f1u0re5ce1n were u5ed a5 refer- 
ence5: 4•f(AN) = 0.27 [ 14 ], ~f(FLEt) = 0.50. 7he 5tat1c and 
dynam1c f1u0re5cence 4uench1n95 were carr1ed 0ut and ca1- 
cu1ated 6y the 5ame pr0cedure de5cr16ed 1n Ref. [ 10]. 51n91et 
5tate ener9y E5 wa5 ca1cu1ated fr0m the a650rpt10n 5pectra 
and f1u0re5cence 5pectra data [4]. 

3. Re5u1t5 and d15cu5510n 

3.1. h2tenn01ecu1ar ph0t0haduced 51n91et 1nteract10n5 
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A 51m11ar 5ynthet1c meth0d wa5 app11ed f0r FL-AN, ER- 
AN, and R8-AN. A11 the 5ynth,~512¢d c0mp0und5 w¢re char- 
acter12ed 6y UV-v15161e, 1R, and nuc1ear ma9net1c re50nance 
(NMR) 5pectr05c0py, 7he a650rpt10n 5pectra 0f the 5ynthe- 
512ed dyad5 are 5h0wa 1n F19. 1 (c0ncentrat10n5 were a60ut 
10 °5 m01 1=t), 

22, Ph0¢0phy51ca1 mea5urement5 and ca1cu1at10n5 

1n exper1ment5, the 501vent Me0H (AR 9rade) wa5 red15- 
t111ed; the ¢0ncentrat10n wa51n the ran9e fr0m 10 "5 M t0 10 +6 
M, A650rpt10n 5pectra were mea5ured w1th a H1tach1 557 
UV-v15161e 5pectr0ph0t0meter and 1R 5pectra were 06ta1ned 
w1th a Perk1n-E1mer 983 6 9rat1n9 5pectr0ph0t0meter u51n9 
K8r pe11et5, H NMR 5pectra were 06ta1ned fr0m a Var1an 
X1.. 400 MH2 5pectr0meter and f1u0re5cence and exc1tat10n 
5pectra were rec0rded w1th a Perk1n-E1mer L5-5 1um1ne5- 
cence ph0t0meter w1th a 3600 data 5tat10n. F1u0re5cence 11fe- 
t1me5 were aut0mat1ca11y f1tted w1th a H1r06a WAE5 1100 
51n91e ph0t0n c0unt1n91n5trument, 7he red0x p0tent1a15 were 
a150 mea5ured 6y mean5 0fcy¢11c v01tammetry [ 10]. 

7he 4uantum y1e1d ~ 0f f1u0re5cence wa5 ca1cu1ated fr0m 
f0110w1n9 e4uat10n [4 ]: 

~ =  ( P ,%1F0*A ) 4~. 0 

3.1.1. Ener9y tran5fer 6etween m0de15 
7he ANEt and the ethy1 e5ter 0f XN dye5 (XNEt) may 

5erve a5 m0de15 0f the c0rre5p0nd1n9 m01et1e5 1n dyad5. E5 
0f the m0de15 15 115ted 1n 7a61e 2. 

51n91et ener9y tran5fer fr0m ANEt t0 XNEt 5h0u1d 6e 
eff1c1ent 0n acc0unt 0f the 900d 0ver1ap 6etween the f1u0re5- 
cence 0f the ANEt and the a650rpt10n 5pectra 0f the XNEt 
(519n1f1cant F8r5ter J 1nte9ra1). Ener9y tran5fer 1n the rever5e 
d1rect10n 15 end0therm1c and can 6e ru1ed 0ut. 

1n fact, when ANEt wa5 exc1ted, 1t5 f1u0re5cence wa5 ea511y 
4uenched 6y XNEt; at the 5ame t1me, we 065erved the XNEt•5 
f1u0re5cence at 10n9er wave1en9th5. Acc0rd1n9 the 4uench1n9 
re5u1t5, ke,715 m0re than 0fthe 0rder 0f 101"~ 5 - = m+~1 + =dm 3, 
much h19her than that c0ntr011ed 6y d1ffu510n. 7h~515 6ecau5e 
the 51n91et En7 15 a 10n9-ran9e 1nteract10n5. N0 c0ntact 
6etween the d0n0r and the dye e5ter5 15 nece55ary. 

3.1.2. E1ectr0n tran5fer 6etween m0de15 
When XNEt wa5 exc1ted, 1t5 51n91et 5tate ener9y 15 10wer 

than that 0f ANEt, 50 En7 wa5 1mp055161e. 1n th15 ca5e, the 
decrea5e 1n dye5• f1u0re5cence 4uantum y1e1d 1n the 5ame 
re910n can 6e cau5ed 6y 1ntram01ecu1ar E17 6etween m0de15, 
6ecau5e, f0r the exc1ted dye5, 0ther decay path5 5h0u1d 6a51- 
ca11y 6e the 5ame a5 th05e w1th0ut ANEt. 

1n p01ar 501vent5, the free ener9y chan9e A 6  0f 0ne E17 
can 6e e5t1mated 6y Rehm-We11er e4uat10n [ 2,15 ]: 

A 0  = E0(D) - ER(A) - E 5 - C  

where E0(D) and ER ( A ) are d0n0r•5 0x1dat10n p0tent1a1 and 
accept0r•5 reduct10n p0tent1a1 re5pect1ve1y, E5 15 the 51n91et 
ener9y, and C 15 the 5ta6111ty c0n5tant 0f 10n51n p01ar 501vent; 
here, 1n Me0H, we take C = 0.06 eV [2]. 7he red0x p0ten- 
t1a15 0f m0de1 c0mp0und5 were mea5ured and are 115ted 1n 
7a61e 3. 

7a61e 2 
51n91et 5tate ener91e5 0f m0de1 c0mp0und5 

C0mp0und ANEt FLE1 E0Et EREt R8Et 

E5 (kca1 m01- t) 74.0 56.0 53.0 52.8 50.0 
E5 (eV) 3.21 2.43 2.30 2.29 2.17 
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7a61e 3 
Red0x p0tent1a15 0f m0de1 c0mp0und5 (v5, A91A9C1 ) (5aturated KC1 ) ) 

7a61e 5 
Chem1ca15h1ft5 0f hydr09en5 

C0mp0und ANEt FLEt E0Et EREt R8Et ~ (ppm) 

1n m0de15 
Ec, (V) 0.95 0.90 0.80 0.79 0.88 
Ea (V) - 1.74 - 1.20 - 1.04 - 1.09 -0 .95  ANEtm 8.49 

FLEh,5 6.60 

1f XNEt 15 c0n51dered t0 6e an e1ectr0n accept0r5 and ANEt E0Eh.5 7.15 
EREh.a 7.30 

an e1ectr0n d0n0r, A 6  15 - 0 . 3 2  eV (FLEt), - 0 . 3 8  eV R8Et,., 7.74 
(E0Et),  - 0 . 3 2  eV (EREt) and -0 .34  eV (R8Et). 50, 

F L - A N 1 0  ph0t01nduced E17 react10n5 fr0m ANEt t0 XNEt were ther- E0-AN10 
ma11y perm1tted. C0n ver5e1y, 1f XNEt 5erved a5 an e1ectr0n ER-AN•0 
d0n0r and ANEt a5 an accept0r, the c0rre5p0nd1n9 A 6 va1ue5 R8-AN,) 
are 0.17 eV, 0.17 eV, 0.18 eV and 0.39 eV re5pect1ve1y. 1t FL,,.-AN 
5eem5 t0 6e 1mp055161e f0r e1ectr0n5 t0 tran5fer fr0m XNEt E0t,-AN 
10 ANEt. ERt.a-AN 

0ur exper1ment5 5h0wed that the f1u0re5cence 0f FLEt, R8~,-AN 
E0Et, EREt and R8Et wa5 4uenched 6y ANEt, and the re5u1t5 
c0nf0rmed w1th the 5ter,-V01mer e4uat10n 12,161, 1f there 
15 n0 9r0und c0mp1ex f0rmat10n: 

0r. 014~f = 1 + k4•rf. 0[ Q ] 

where ¢f, 0 15 the 11fet1me 0f XNEt w1th0ut any 4uencher5. 
Quench1n9 data were pr0ce55ed w1th 11near re9re5510n and 

the re5u1t5 are 115ted 1n 7a61e 4. 
A 9r0und 5tate c0mp1ex wa5 n0t 065erved 1n a650rpt10n 

5pectra. Fr0m the k4 va1ue5 115ted 1n 7a61e 4, we knew that 
the pr0ce55 0f 1nterm01ecu1ar E17 wa5 c0ntr011ed dynam1ca11y 
6y d1ffu510n, 5h0w1n9 that the E17 react10n 0~cur5 0n1y 1n the 
ca5c 0f c0111510n. 

3.2. 7he c0nf0rmat10n 0f dyad51n 501ut10n 

A dyad 1n a def1n1te 501vent 5h0u1d have a def1n1te c0nf0r- 
mat10n 5tat15t1ca11y [ 17 ]. Let u5 a150 5t~e 1t f1r5t fr0m the NMR 
data 1n 7a61e 5. 

1n dyad5, m01et1e5 are 11nked 6y a f1ex161e 6uty1ene 6r1d9e. 
0n  the 6a515 0f the a60ve data, acc0rd1n9 t0 the ana1y515 1n 
Ref. [ 11 ], 1n FL-AN the c0nf0rmat10n 1n wh1eh tw0 chr0- 
m0ph0r1c m01et1e5 are near t0 vert1ca1 w1th re5pect t0 each 
0ther 5h0u1d 6e d0m1nant, wh11e f0r E0-AN,  ER-AN and 
R8-AN the c0n10rmat10n 1n wh1ch tw0 chr0m0ph0r1c m01- 
et1e5 are near1y para11e1 t0 0ne an0ther 5eem5 preferred. We 
d0 n0t kn0w why there 15 th15 d1fference 1n the c0nf0rmat10n, 
6ut we d0 kn0w that the fatter three dyad5 c0nta1n heavy 
ha109en at0m5, wherea5 FL-AN d0e5 n0t. 

7a61e 4 

Quench1n9 data 0f XNEt5 f1u0m5cence 6y ANEt 

XNEt AE~ AHm •rr r k,; X 10 - 9 
(nm) (nm) (n5) (5-• m -5) 

FLEt 480 540 5.26 1.00 3,90 
E0Et 510 570 3.20 0.99 3.54 
EREt 530 590 0.55 0.99 3.45 
R8Et 540 600 0.60 0.98 3.29 

8 (ppm) 
1n dyad5 

A8 

(ppm) 

8.40 
8.77 
8.77 
8.79 

6.90 
6.97 
7.10 
7.50 

- 0.09 
0.28 
0.28 
0.30 

0.30 
-0 .18  
- 0.20 
-0 .24  

A ~, d1fference 6etween ¢hem1ca15h1ft 0f dyad5 and that 0f m0de15. 
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F19. 2. F1u0re5cence exc1tat10n 5pectra 0f XN-AN 1n Me0H: A~,,(FL- 
AN) = 5 4 0  nm; A ~ m ( E 0 - A N ) = 5 7 0  nm; At]m(81~-AN)~590 nm; 
At,,( R8=AN ) = 600 nm. 

3.3. h2tram01ecu1ar ph0t01nduced 51n91et 1nteract10n5 

3.3.1. £n,:r9y ,ra,5fer 1n dyad5 
Whea .•kNEt 1n the dyad5 wa5 exc1ted, 1t5 51n91et ener9y 

can a150 ;1~an5fer t0 the dye5• e5ter, 7he 1ntram01ecu1ar En7 
eff1c1ency r/t~,x wa5 mea5ured and ca1cu1ated fr0m [ 11 ] 

r1~,t = (A11A2) 1 ( E11E2) 

where A 15 the area 0f a650rpt10n 5pectra and E repre5ent5 the 
area 0f exc1tat10n 5pectra; 1 den0te5 the anthr01c e5ter and 2 
the dye5• e5ter. 

7he exc1tat10n 5pectra 0f the dyad5 are 5h0wn 1n F19. 2 
(c0ncentrat10n were a60ut 10-5 m01 1-~). C0mpared w1th 

7a61e 6 
1ntram01ecu1ar ener9y tran5fer eff1c1ency 1, dyad5 

Dyad FL-AN E0=AN ER=AN R8=AN 

~ , , t  0.88 0.85 0,86 0,85 

7he exc1tat10n wave1en9th 15 360 nm and th¢ f1u0re5cence-detect1n9 wave- 
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F18, 3, F1u0re5cence em15510n 5pectra 0f XN=AN 1n M¢0H: An~ *• 360 nm. 

the1r a650rpt10n 5pectra 1n F19. 1, 0ne can 5ee a remarka61e 
d1fference 6ecau5e 0f the En7 fr0m ANEt t0 XNEt5. 

Re5u115 are 115ted 1n 7a61e 6. 
Data 1n 7a61e 6 5h0wed that, when ANEt 1n dyad5 we 

exc11ed, m05t 0f 115 51n91et ener9y tran5ferred t0 XN dye5• 
e5ter. 7he f1u0re5cence 5pectra 0f the dyad5 are 5h0wn 1n 
F19, 3, 

Acc0rd1n9 t0 the F6r51er e4uat10n [ 18], the En7 here 15 
re1ated t0 the 0ver1ap 1nte8ra1 J and 0r1entat10n fact0r K 2. 1n 
0ur 5er1e5, FL•5 max1mum a650rpt10n 15 at 495 nm, where 11 
ha5 a much 6etter 0ver1ap w1th the f1u0re5cence 5pectrum 0f 
ANEt than E0, ER and R8, wh05e a650rpt10n5 ran9e fr0m 
525 t0 550 nm. 0n the c0ntrary, the 1atter three dyad5 are 
fav0ura61e 1n c0nf0rmat10n f0r En7. C0m61nat10n 0f the5e 
tw0 fact0r5 make5 the1r En7 rate5 c0mpara61e. Anyway, the 
d15tance5 6etween d0n0r5 and accept0r5 are 11m11ed 1n dyad5 
c0mpared w11h 1nterm01ecu1ar ca5e5; the1r En7 eff1c1ency 15 
5t111 4u11e h19h. 8ecau5e 0f the h19h eff1c1ency 0f En7, the 
f1u0re5cence 0f ANEt 115e1f 15 hard1y 065erved, 

3,3,2. E1ectr0n tran~fer 1n d),c915 
When XNEt 1n dyad515 exc11ed, 115 51n91et ener9y cann0t 

tran5fer t0 AHEt, 7he t0ta1 decrea5e 1n f1u0re5cence 4uantum 
y1e1d may 6e cau5ed 6y e11her the exc11ed c0mp1ex 6etween 
X1~t and AN~t wh1ch d0¢5 n0t em11 0r E17 expre55ed 6y 
the decrea5~ 1n XNEt•5 f1u0re5cence 11fet1me. 50, the eff1- 
c1ency ~ t r  0f Ef7 15 e4ua1 t0 *h, D, the dynam1c 4uench1n9 

7a61e7 
7he 4uM~um y1e1d ~6 and 11fet1me5 1~ 0f the f1u0re5cence (f), and the eff1- 
c1ency 4 0f 1he 11~re5¢ence 4uench1n9 (4), the e1ectr0n tran5fer and the 
c0mp1ex (C) f0rmat10n 

FUE1 0,50 5,26 
0,39 3,~ 
0,~3 0,55 

R111h 0,044 0,60 
EL=AN 0,38 5,10 
~)-AN 0,20 2,43 
ER-AN 0,033 0,43 
R8-AN 0,029 0,48 

0,24 0,03 0,21 
0,49 0,24 0,25 
038 0,22 0,15 
0,34 0,20 0,14 

eff1c1ency expre55ed 6y the chan9e 1n f1u0re5cence 11fet1me, 
and the eff1c1ency v/c 0f f0rmat10n 0f a c0mp1ex wh1ch d0e5 
n0t em1t at exc11ed 5tate, 91ven 6y v/c =v/4-v/4, D where 
v/4= 1 -~Df1{~r. 0 and v/4. D = 1 -7 f /7 f .  0. 

7he 4uantum y1e1d and 11fet1me 0f f1u0re5cence 1n Me0H 
were mea5ured. 7he re1ated data were ca1cu1ated and are 115ted 
1n 7a61e 7. 

1n the c0mpara61e data, 0ne can 5ee that the ph0t01nduced 
1ntram01ecu1ar Ef7 eff1c1ency 0f FL-AN 15 06v10u51y 10wer 
than that 0f 0ther5. 0n the 6a515 0f the ana1y515 a60ve, 1t may 
6e re1ated t0 that c0nf0rmat10n 1n wh1ch the tw0 chr0m0- 
ph0re5 are n0t ma1n1y arran9ed face t0 face. 

4, C0nc1u510n 

Whcn ANEt 15 exc11cd, 115 51n91et ener9y can ea511y tran5fer 
t0 XNEt, n0 matter what happen5 1n the 1nterm01ecu1ar 0r 
1ntram01ecu1ar ca5e. H0wever, when XNEt wa5 exc11ed, ph0- 
t01nduced E17 fr0m ANEt t0 XNEt 0ccurred. 7he 1nterm0- 
1ecu1ar react10n rate 15 c0ntr011ed 6y d1ffu510n. 7he 
1ntram01ecu1ar E17 eff1c1ency 15 re1ated t0 the c0nf0rmat10n 
0f the m01et1e5 1n the dyad5. 11 5eem5 t0 u5 that th¢ face-t0- 
face c0nf0rmat10n 15 fav0ura61e f0r ph0t01nduced E17 1n 0ur 
5er1e5. 
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