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Naphthalene-TCNB charge transfer crystals doped with 2-methyl naphthalene illuminated by 
visible light give rise to triplet traps which have been identified by EPR and ENDOR spectroscopy 
as 2-methyl naphthalene-TCNB CT complexes in their first excited triplet state. The complete 
hyperfine tensors of all the 2-methyl naphthalene protons have been obtained by analysis of the 
variation of the ENDOR frequencies with the crystal orientation in the magnetic field. The structure 
of the CT complex, the spin distribution and the CT character are discussed. 

Introduction 

A r o m a t i c h y d r o c a r b o n s such as N a p h t h a l e n e (N), 
w h e n mixed wi th t he e l ec t ron a c c e p t o r 1,2,4,5 t e t ra -
c y a n o b e n z e n e ( T C N B ) , f o r m 1 : 1 c h a r g e t r ans fe r (CT) 
complexes in wh ich the h y d r o c a r b o n ac t s as a n elec-
t r o n d o n o r . T h e g r o u n d s t a te of such c o m p l e x e s is 
n e u t r a l whi le the first exci ted singlet s t a t e is ionic 
because of a n a l m o s t c o m p l e t e t r a n s f e r of o n e e lec t ron 
f r o m the d o n o r mo lecu l e to t he a c c e p t o r one . T h e 
exc i t a t ion t o the C T s ta te is r e spons ib l e fo r the s t r o n g 
co lo r of the well s h a p e d crysta ls , of severa l m m 3 size, 
wh ich crysta l l ize easily f r o m a s o l u t i o n of the t w o 
c o m p o n e n t s . T h e crys ta l s t r u c t u r e of these C T crys ta ls 
usua l ly cons i s t s of a l t e r n a t e s t acks of d o n o r a n d ac-
c e p t o r molecu le s w i th the i r m o l e c u l a r p l anes a b o u t 
para l le l t o each o t h e r a n d , in t he case of N - T C N B , 
p e r p e n d i c u l a r t o t he s t ack axis. 

By exc i t a t ion to t he C T b a n d , fo l lowed by intersys-
t e m cross ing, t he first exci ted t r ip le t exc i ton ic b a n d is 
p o p u l a t e d , wh ich h a s b e e n extens ively s tud ied by a n a -
lyzing its E P R s p e c t r u m cons i s t ing of n a r r o w lines, 
be ing a n y hype r f ine s t r u c t u r e a v e r a g e d o u t by the fast 
m o t i o n . T h e n a t u r e of th is m o b i l e exci ted t r ip le t s tate , 
t h a t is its ion ic c h a r a c t e r d e p e n d s o n several f ac to r s as 
the re la t ive energies of the ze ro o r d e r t r ip le t s ta tes 
local ized o n the a c c e p t o r a n d o n t he d o n o r a n d the 
C T tr iplet energy . A n o t h e r r e l evan t f a c t o r is t he rela-
tive o r i e n t a t i o n of the p a r t n e r mo lecu le s in the crys ta l 
lat t ice. 

Reprint requests to Carlo Corvaja, Department of Physical 
Chemistry, University of Padova, via Loredan, 2, 1-35131 
Padova (Italy). 

I n f o r m a t i o n a b o u t t he s t r u c t u r e a n d e lec t ron ic dis-
t r i bu t i on of the c o m p l e x in the exci ted t r ip le t s t a t e is 
o b t a i n e d f r o m the ze ro field sp l i t t ing ( Z F S ) p a r a m e -
ters which cha rac t e r i ze the e l ec t ron -e l ec t ron spin 
d i p o l a r in te rac t ion . T h e m a g n i t u d e of these p a r a m e -
ters reflects the degree of c h a r g e t r ans fe r in t he t r ip le t 
s t a t e because , w h e n t he u n p a i r e d e lec t rons a r e l oca t ed 
o n e in the d o n o r a n d t he o t h e r o n the accep to r , the 
m a g n e t i c d i p o l a r i n t e r a c t i o n is m u c h r e d u c e d wi th 
respect to the case w h e r e b o t h u n p a i r e d e l ec t ron sp ins 
a re local ized o n t he s a m e p a r t n e r of the C T c o m p l e x . 

T h u s in N - T C N B f r o m the r a t i o of the m e a s u r e d 
ze ro field spl i t t ing p a r a m e t e r D to t he c o r r e s p o n d i n g 
va lue of the t r ip le t s t a t e of a n i so la ted n a p h t h a l e n e a 
C T degree of a b o u t 3 0 % was d e t e r m i n e d [1, 2], I n 
N - T C N B crys ta ls d o p e d wi th d i f ferent molecu les , sub -
s t i tu t ing the n a p h t h a l e n e in the c rys ta l lat t ice, the 
E P R s p e c t r u m of t r a p p e d exc i t a t ion is r e c o r d e d wh ich 
is cha rac te r i zed by i n h o m o g e n e o u s l y b r o a d e n e d lines. 
F o r the s tudy of these t r a p p e d exci ted t r iplets , in a d d i -
t ion t o E P R we h a v e used E N D O R s p e c t r o s c o p y 
which a l lows a m u c h deepe r ins ight i n t o t h e s t r u c t u r e 
a n d the e lec t ronic d i s t r i b u t i o n t h r o u g h the d e t e r m i n a -
t ion of the p r o t o n hype r f ine t en so r s [3, 4, 5]. 

In this p a p e r we r e p o r t a n E N D O R inves t iga t ion of 
exci ted t r iplet t r a p s in single c rys ta l s of N - T C N B 
d o p e d wi th 2 - m e t h y l n a p h t h a l e n e ( 2 M e - N ) . T h e s e 
t r a p s have m u c h lower Z F S p a r a m e t e r s t h a n t he 
N - T C N B complex , t h o u g h i so la ted N a n d 2 M e - N in 
the i r excited t r ip le t s t a tes h a v e s imi la r Z F S p a r a m e -
ters. 2 M e - N is in t e res t ing in t ha t , a d i f ference wi th 
o t h e r inves t iga ted sys tems, it is n o t a n a l t e r n a n t hy-
d r o c a r b o n because of the p e r t u r b i n g effect of the 
me thy l g r o u p o n t he n sys tem, a n d the spin d i s t r ibu -
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t i on in the t r ip le t single occup ied o rb i t a l s s h o u l d be 
di f ferent . F o r th is r e a s o n the t r ans fe r of o n e e lec t ron 
o r a f r a c t i o n of it f r o m the d o n o r H O M O to the 
a c c e p t o r L U M O is expec ted to p r o d u c e a red i s t r ibu-
t ion of the to t a l sp in dens i ty . 

Experimental 

2-me thy l n a p h t h a l e n e is a l r e ady p re sen t as a n im-
pu r i t y in n a p h t h a l e n e a n d it c o n c e n t r a t e s by z o n e 
ref in ing p roces s a t o n e e n d of the s a m p l e t u b e [6], T h e 
r o o m t e m p e r a t u r e c rys ta l s t r u c t u r e of N - T C N B is 
monoc l in i c , space g r o u p C 2 / m wi th a = 9.39 Ä, 
b = 12.66 Ä, c = 6.87 Ä, ß = 107.2°, a n d Z = 2 [7], T h e 
T C N B is p laced o n a s y m m e t r y cen te r whi le the N 
molecu les h a v e the i r l o n g in p l a n e axes r o t a t e d by a n 
ang le of ± 1 8 ° wi th respec t t o the c rys ta l axis a*. T h e 
N molecu les u n d e r g o a la rge a m p l i t u d e l ib ra t ion 
a b o u t these p o t e n t i a l m i n i m a pos i t ions , a n d they 
j u m p f r o m a m i n i m u m to a n o t h e r o n e a t a t e m p e r a -
t u r e d e p e n d e n t f r e q u e n c y [2]. 

At 62 K a p h a s e t r ans i t i on occurs , d r iven by the 
f reez ing of t he N m o t i o n . 

T h e s a m p l e of N - T C N B d o p e d wi th 2 M e - N con-
sisted of a single c rys ta l of a p p r o x i m a t e d i m e n s i o n s 
( 2 x 3 x 4 ) m m 3 a t t a c h e d to a q u a r t z r o d of a g o n i o m e -
ter a l lowing for a r o t a t i o n a b o u t a n axis p e r p e n d i c u l a r 
t o the Z e e m a n m a g n e t i c field d i rec t ion . 

T h e s a m p l e was i l l umina t ed by the l ight of a 500 W 
h igh p re s su re m e r c u r y l a m p ( O S R A M H B O 500). 

T h e E P R a n d E N D O R spec t r a were r e c o r d e d by a 
c o m p u t e r c o n t r o l l e d B r u k e r E R 200 D X - b a n d spec-
t r o m e t e r w h o s e m i c r o w a v e cavi ty w a s subs t i t u t ed by 
a cy l indr ica l T E 0 1 l cavi ty p r o v i d e d wi th a n op t ica l 
access a n d a l o o p fo r rf i r r ad i a t i on . O n O x f o r d E S R -
900 he l ium f low c r y o s t a t was used t o c o n t r o l the sam-
ple t e m p e r a t u r e . 

Results 

T h e E P R spec t r a of N - T C N B d o p e d wi th 2 M e - N 
cons i s t of t w o n a r r o w (0.5 G a u s s ) a n d spin po la r i zed 
lines d u e t o t r ip le t exc i tons t o g e t h e r wi th a n u m b e r of 
o t h e r l ines w h o s e re la t ive in tens i ty c h a n g e s wi th the 
t e m p e r a t u r e . T h e spec t r a r e c o r d e d a t t e m p e r a t u r e s 
lower t h a n 40 K a r e d o m i n a t e d by the p resence of fou r 
pa i r s of s t r o n g E P R lines d u e to t w o t r ip le t t r aps , each 
o n e p resen t in the c rys ta l la t t ice in t w o magne t i ca l ly 

(p \ (degrees) 

Fig. 1. Splittings of the EPR lines of the two triplet traps in 
N-TCNB crystal doped with 2 Me-N, measured at T = 20 K 
with the magnetic field in the a* b plane. Both traps are 
present in two different sites; triangles refer to the trap I for 
which the ENDOR spectra have been recorded. 

inequ iva len t sites, r e la ted by a t w o f o l d r o t a t i o n a b o u t 
the s y m m e t r y axis of t he m o n o c l i n i c c rys ta l lat t ice. 

T h e v a r i a t i o n of the l ine sp l i t t ings wi th the c rys ta l 
o r i e n t a t i o n is desc r ibed by the sp in h a m i l t o n i a n 

X = gßB0-S + XS2+ YS? + ZS?, (1) 

the smal l a n i s o t r o p y of t he g t e n s o r be ing neglec ted 
for o u r p u r p o s e s . 

T h e line spl i t t ings of the t w o t r aps , m e a s u r e d 
wi th the Z e e m a n m a g n e t i c field e x p l o r i n g t he a* b 
(a* = b A c) c r y s t a l l o g r a p h i c p lane , a re s h o w n in F ig-
ure 1. T h e p r inc ipa l va lues (X, Y, Z ) a n d t he p r inc ipa l 
d i rec t ions (x, y, z) of the e l ec t ron sp in d i p o l a r t en so r s 
wi th respect to the c r y s t a l l o g r a p h i c axes a r e r e p o r t e d 
in Table 1. 

T h e c d i r ec t ion is p e r p e n d i c u l a r t o t he m o l e c u l a r 
p lanes of T C N B a n d n a p h t h a l e n e as d e t e r m i n e d by 
the X- rays d i f f r ac t ion ana lys i s [7]. T h e s ign of the 
t enso r c o m p o n e n t s is a s s igned by t a k i n g a nega t ive Z 
(as z is para l le l t o c, it is p e r p e n d i c u l a r t o the m o l e c u -
lar p lane) as it usua l ly occu r s fo r the nn* exci ted 
t r iplet s tates . T h e a b o v e choice ag rees wi th t he sp in 
p o l a r i z a t i o n p a t t e r n obse rved in the E P R spec t r a of 
several d o n o r - a c c e p t o r c o m p l e x e s [8]. 

T h e E N D O R spec t r a of the t r ip le t t r a p ind ica t ed by 
I in Table 1 were r e c o r d e d by s a t u r a t i n g t he |0> -> 11) 
E P R t r ans i t i on of a single c rys ta l site. T h e y cons is t of 
seven lines at f r equenc ies h ighe r t h a n t he free p r o t o n 
f r equency v 0 . By s a t u r a t i n g the | — 1 > - + | 0 > E P R 
t rans i t ion , these lines a p p e a r a t f r equenc ie s v < v 0 , 
a n d a n e ighth line is r e c o r d e d a t v > v 0 . T h i s be-
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Table 1. Principal values and principal directions of the elec-
tron dipolar tensor of the triplet traps in N-TCNB doped 
with 2 Me-N. 

Principal Direction cosines 
values 
(Gauss) a* b c 

Trap I X 181.5 0.7010 - 0 . 7 1 3 2 -0 .0002 Trap I 
Y 80.0 -0 .7117 -0 .7017 -0 .0345 
Z -261 .5 0.0325 0.0254 -0 .9992 

Trap II X 168.2 0.6148 -0 .7887 -0 .0041 Trap II 
Y 91.7 -0 .7881 - 0 . 6 1 4 2 -0 .0399 
Z -259 .9 0.0290 0.0278 - 0 . 9 9 9 2 

h a v i o u r is w h a t o n e expec t s for seven p r o t o n s wi th a 
nega t ive hyper f ine c o u p l i n g a n d a e ight o n e h a v i n g a 
pos i t ive coupl ing . Typica l spec t ra a r e s h o w n in F ig -
u re 2. Very similar s p e c t r a were o b t a i n e d fo r the o t h e r 
t r a p b u t they were n o t ana lyzed in deta i l . T r a p I I is 
t he re fo re to be ass igned t o the s a m e species giving rise 
to T r a p I, however p r e sen t in a sl ightly d i f ferent c rys-
tal site T h e E N D O R spec t r a were r e c o r d e d by r o t a t -
ing the crysta l in the Z e e m a n m a g n e t i c field exp lo r ing 
t w o p e r p e n d i c u l a r c r y s t a l l o g r a p h i c p lanes , n a m e l y t he 
a*b a n d the a* c p l anes . T h e E N D O R f requenc ie s 
were f i t ted to the spin h a m i l t o n i a n [9] 

= <S> • Z A k • Ifc - gnßnB0 • (2) 
k k 

where the sum is over all the p r o t o n s . I n (2) <S> is t he 
e x p e c t a t i o n value of t he e lec t ron spin o p e r a t o r in t he 
e l ec t ron spin s ta tes d i agona l i z ing t he sp in h a m i l t o -
n i a n (1): 

= ^Zeeman + ^ZFS • (3) 

T h e best fit curves t o t he e x p e r i m e n t a l d a t a o b -
t a ined wi th B 0 in t he a* b p l ane a re r e p o r t e d in F ig -
ure 3. S imi lar fits a re o b t a i n e d w h e n the Z e e m a n m a g -
net ic field explores t he p l ane a* c. T h e p r o t o n 
hype r f ine tensors g iv ing the best fit a r e r e p o r t e d in 
Tab le 2. T h e are re fe r red t o the x, y, z p r i nc ipa l axes of 
the Z F S tensor . 

Discussion 

Proton Hyperfine Coupling Constants 
and Charge Transfer Character 

N - T C N B crysta ls d o p e d wi th d i f f e r e n t h y d r o c a r -
b o n s give, by i l l umina t ion in the C T b a n d , the E P R 
spec t r a of the t r iplet s t a t e of the d o p a n t mo lecu l e 

MHz 
Fig. 2. ENDOR spectra of the triplet trap I recorded at 
T = 20 K with the magnetic field in the a* b plane at about 
20° from b crystallographic axis. Spectra a) and b) have been 
recorded by saturating, respectively, the j 0> —11 > and the 
| - 1 > - H 0 > EPR transitions. The assignment of the ENDOR 
lines to the 2 Me-N protons is shown. v0 is the free proton 
frequency. 

c o m p l e x e d w i th T C N B [10, 11]. T h e t r ip le t s ta tes a r e 
c h a r a c t e r i z e d by Z F S p a r a m e t e r s wh ich a re t hose of 
the i so la t ed d o n o r mo lecu le t r iplet , r e d u c e d by a n 
ex t en t d e p e n d i n g o n the C T degree . I n fac t , in a t r ip le t 
s ta te w i t h C T f r o m the d o n o r t o the a c c e p t o r t he 
m a g n e t i c d i p o l a r i n t e r ac t i on is r educed , the a v e r a g e d 
d i s t a n c e b e t w e e n the t w o u n p a i r e d e lec t rons local ized 
e a c h o n e o n a d i f f e r en t p a r t n e r of the C T c o m p l e x 
be ing inc reased . 

A p e c u l i a r f e a t u r e of the t r iplet t r a p s p re sen t a t 
low t e m p e r a t u r e in t he i l lumina ted 2 M e - N d o p e d 
N - T C N B crys ta ls is t he low va lue of the ze ro field 
sp l i t t ing p a r a m e t e r s , i nd i ca t ing t r iplet species w i th a 
la rge C T c h a r a c t e r [10]. 

T a b l e 3 s h o w s f o r c o m p a r i s o n the Z F S p a r a m e t e r s 
of N [12] a n d 2 M e - N [13] in thei r f i rs t exci ted t r ip le t 
s ta te , a n d t h o s e of the t r ip le t s ta te of the C T c o m p l e x 
N - T C N B [1]. T h e la t t e r a r e r educed w i t h respect t o 
t h o s e o f a n i so la ted n a p h t h a l e n e molecu le because of 
a b o u t 3 0 % C T transfer to the T C N B acceptor . 2 M e - N 
h a s a l m o s t the s a m e Z F S p a r a m e t e r s of N ; t he d r a -
m a t i c dec rea se in the Z F S p a r a m e t e r s of t he C T c o m -
plex by s u b s t i t u t i o n of N wi th 2 M e - N is qu i t e unex-
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Table 2. Experimental hyperfine tensors of the 2 Me-N pro-
tons in the 2Me-N-TCNB triplet state. 

Proton Isotropic An- Direction cosines 
value isotropic 

principal 

(MHz) 
values 
(MHz) 

- 1 1 . 6 7 6.47 
- 6 . 4 6 
- 0 . 0 1 

0.4061 
0.9139 
0 . 0 0 0 0 

0.9139 
-0 .4061 

0 . 0 0 0 0 

0 . 0 0 0 0 

0 . 0 0 0 0 

1 . 0 0 0 0 

a2 - 1 1 . 4 7 6.27 
- 6 . 0 4 
- 0 . 2 3 

0.3728 
0.9279 
0 . 0 0 0 0 

0.9279 
-0 .3728 

0 . 0 0 0 0 

0 . 0 0 0 0 

0 . 0 0 0 0 

1 . 0 0 0 0 

«3 - 8 . 2 7 4.33 
- 4 . 1 1 
- 0 . 2 2 

0.3700 
0.9257 

-0 .0784 

0.9286 
-0 .3710 

0.0024 

0.0269 
0.0737 
0.9969 

» 4 - 7 . 6 3 4.41 
- 3 . 9 4 
- 0 . 4 7 

0.3587 
0.9334 
0 . 0 0 0 0 

0.9334 
-0 .3587 

0 . 0 0 0 0 

0 . 0 0 0 0 

0 . 0 0 0 0 

1 . 0 0 0 0 

ßl - 3 . 7 7 3.12 
- 2 . 3 9 
- 0 . 7 3 

0.7303 
0.6725 

-0 .1204 

-0 .6667 
0.7400 
0.0888 

-0 .1488 
-0 .0154 
-0 .9888 

ß 2 - 3 . 1 8 2.78 
- 1 . 9 6 
- 0 . 8 2 

0.9997 
0.0156 

-0 .0182 

0.0145 
-0 .9980 
-0 .0622 

-0 .0191 
0.0619 

-0 .9979 

ß 3 - 1 . 3 0 1.70 
- 1 . 0 6 
- 0 . 6 4 

0.9993 
0.0362 

-0 .0027 

-0 .0363 
0.9966 

-0 .0736 

-0 .0005 
-0 .0738 
-0 .9973 

methyl 8.33 1.27 
- 0 . 9 3 
- 0 . 3 4 

0.7227 
0.6908 

-0.0201 

-0 .6906 
0.7230 
0.0170 

-0 .0263 
-0 .0016 
-0 .9997 

180 

180 

(f> \ ( d e g r e e s ) 

Fig. 3. ENDOR frequencies (MHz) of the 2 Me-N protons in 
the 2Me-N-TCNB triplet trap with the magnetic field ex-
ploring the a* b crystallographic plane. The best-fit curves 
are calculated by (2) using the tensor elements reported in 
Table 2. Symbols refer to the oc1 (•), a2 (a), a 3 (•), a4 (y), 
(•), ß2 (o), ß3 (a), and methyl (•) 2 Me-N protons. 

Table 3. ZFS parameters (Gauss). 

Triplet species X Y Z Ref. 

N 504 211 - 7 1 5 [12] 
2 Me-N 501 192 - 6 9 3 [13] 
N-TCNB 339 146 - 4 8 5 [1] 
Trap I 182 80 - 2 6 2 

[1] 

pec ted . We n o t e t h a t a n o t h e r poss ib le source of t he 
r e d u c t i o n of Z F S p a r a m e t e r s is a la rge a m p l i t u d e 
m o l e c u l a r m o t i o n , which is a l lowed in this crys ta l in 
s o m e cases [1], 

T h e obse rved E N D O R spec t ra a n d the hype r f ine 
t en so r s o b t a i n e d f r o m the a n g u l a r va r i a t i on of t he 
E N D O R f requenc ies (see Table 2) a r e fully a c c o u n t e d 
for by the hyper f ine coup l ing of the tr iplet u n p a i r e d 
e lec t ron spin wi th seven a r o m a t i c r ing p r o t o n s , h a v i n g 
a nega t ive i so t rop ic hyper f ine coup l ing , a n d with the 
m e t h y l p r o t o n s wi th a posi t ive i so t rop ic coupl ing , a s 
it occu r s in 2 M e - N . T h e methy l p r o t o n s a re m a g n e t i -

cally equ iva len t d u e t o the fast r o t a t i o n of the me thy l 
g r o u p a b o u t the single b o n d . It s h o u l d be no ted t h a t 
the sign of the hype r f ine c o u p l i n g c o n s t a n t can be 
ass igned o n c e the s igns of the Z F S t e n s o r e lements a re 
k n o w n [9]. These c o n s i d e r a t i o n s i nd i ca t e t h a t in the 
obse rved t r a p the t r ip le t exc i ta t ion res ides to a large 
p a r t on the 2 M e - N molecu le . 

A p a r t f r o m the Z F S p a r a m e t e r s , the C T cha rac t e r 
of the 2 M e - N - T C N B c o m p l e x in its t r ip le t s ta te can 
be infer red a lso f r o m the r e d u c t i o n of the hyper f ine 
c o u p l i n g of the d o n o r p r o t o n s d u e to t he reduced spin 
densi ty , a n d in p a r t i c u l a r f r o m the i so t rop i c hyperf ine 
c o m p o n e n t . In fact , t he i so t rop ic c o u p l i n g c o n s t a n t 
gives direct ly the spin dens i ty o n the b o n d e d c a r b o n 
a t o m , a n d its va lue is n o t affected by t he molecu la r 
m o t i o n whi le the a n i s o t r o p i c c o m p o n e n t s of b o t h 
Z F S a n d hyper f ine t e n s o r s cou ld be pa r t i a l ly averaged 
o u t [3]. 

T h e a s s i g n m e n t of the m e a s u r e d hyper f ine tensors 
to the p r o t o n s in the a pos i t ions , 1 ,4 , 5, a n d 8, can be 
m a d e by cons ide r ing t h a t they h a v e para l le l pr inc ipal 
d i rec t ions ; h o w e v e r a n a s s ignmen t t o t he indiv idual a 



501 A. L. Maniero et al. • E N D O R of 2-Methyl-Naphthalene-

p r o t o n s b a s e d on ly o n t he e x p e r i m e n t a l d a t a is n o t 
poss ible . W i t h r e g a r d t o t he ß p r o t o n s , 3, 6, a n d 7, we 
n o t e t h a t t w o of t h e m , 3 a n d 7, a r e expec ted t o h a v e 
hype r f ine t e n s o r s w i th a l m o s t para l le l p r inc ipa l direc-
t ions . T h e p r inc ipa l d i r e c t i o n s of t he r e m a i n i n g one , 6, 
s h o u l d co inc ide w i th t h o s e of t he m e t h y l p r o t o n s ten-
sor , as it occu r s i ndeed fo r t h e t e n s o r we h a v e indi -
ca t ed as in T a b l e 2. I t s h o u l d be n o t e d t h a t the 
p r o t o n 6, w h o s e t e n s o r a s s i g n m e n t is un ique , h a s t he 
la rges t i s o t r o p i c h y p e r f i n e c o u p l i n g a m o n g the ß p r o -
tons . F o r the a s s i g n m e n t of o t h e r t w o t enso r s t o p r o -
tons , 3 a n d 7, t he s a m e c o n s i d e r a t i o n s m a d e a b o v e fo r 
the a p r o t o n s ho ld . 

T h e a s s i g n m e n t c o u l d b e d o n e by c o m p a r i n g the 
m e a s u r e d i s o t r o p i c c o u p l i n g s wi th t hose (aJoc) ex-
pec ted fo r a t r ip le t s t a t e loca l ized o n the 2 M e - N , re-
d u c e d a c c o r d i n g to the d e g r e e of c h a r g e t r ans fe r b 2 

[10]: 

ai = axr{\-b2/2). (4) 

T h i s p r o c e d u r e is c o r r e c t on ly if the d o n o r molecu le 
is a n a l t e r n a n t h y d r o c a r b o n . In fact , fo r these sys tems 
the p a i r i n g t h e o r e m appl ies , s t a t i ng t h a t t he t r ip le t 
spin dens i ty of t he t w o m o n o o c c u p i e d M O s is the 
same; t h e r e f o r e t he t r a n s f e r of t he e lec t ron f r o m the 
d o n o r h ighes t b o n d i n g o r b i t a l ( H O M O ) to the accep-
t o r will dec rease t he sp in dens i t y o n the di f ferent ca r -
b o n a t o m s in the s a m e way , wh ich c o r r e s p o n d s t o 
h a v i n g a f r a c t i o n of t w o t r ip le t e l ec t rons on the d o n o r 
molecu le . M o r e o v e r , if t he h y p e r f i n e coup l ings of the 
u n c o m p l e x e d d o n o r t r ip le t s t a t e a re n o t k n o w n , o n e 
c a n r e so r t t o t he d a t a m o r e easi ly ava i l ab le r e g a r d i n g 
the r ad i ca l a n i o n o r t he r a d i c a l ca t ion , wh ich a re ex-
pec ted t o h a v e t he s a m e sp in d i s t r i b u t i o n as the t r iplet . 

T h e s e c o n s i d e r a t i o n s a r e n o t app l i cab le t o the 
2 M e - N , w h e r e the m e t h y l g r o u p p e r t u r b a t i o n re-
m o v e s t he a l t e r n a t i o n a n d t he r e fo re the e lec t ron dis-
t r i b u t i o n in t he H O M O a n d L U M O (the first an t i -
b o n d i n g o rb i t a l ) b e c o m e s d i f ferent . In th is case t he 
m e a s u r e d i s o t r o p i c h y p e r f i n e c o u p l i n g s s h o u l d be 
c o m p a r e d wi th t h o s e of a t r ip le t s t a t e h a v i n g o n e 
u n p a i r e d e l ec t ron loca l ized o n t he H O M O of 2 M e - N 
a n d t he s econd o n e o n a m o l e c u l a r o rb i t a l wh ich is a 
l inear c o m b i n a t i o n of t he L U M O of 2 M e - N a n d of 
the L U M O of T C N B . E q u a t i o n (4) s h o u l d be m o d i -
fied in t he fo l lowing way : 

a, = (l/2)fl l + + ( l / 2 ) a r ( i - b 2 ) , (5) 

w h e r e a * a re t he p r o t o n h y p e r f i n e coup l ings of the 
2 M e - N a n i o n a n d c a t i o n rad ica l . Tab le 4 s h o w s the 

TCNB Triplet 

Table 4. Calculated hyperfine coupling constants (MHz) of 
the anion and cation 2 Me-N radical protons and experimen-
tal h.c.c. of 2Me-N-TCNB triplet trap protons. 

Position 2 Me-N 2 Me-N 2 Me-N-TCNB 
anion cation triplet 

îso ajso "iso 

1 - 1 0 . 0 3 - 1 7 . 2 7 - 1 1 . 6 7 
2 ( —CH3) 4.91 10.90 8.33 
3 - 8 . 4 4 - 1 . 6 3 - 1 . 3 0 
4 - 1 3 . 4 7 - 1 1 . 6 3 - 8 . 2 7 
5 - 1 4 . 1 7 - 1 0 . 8 8 - 7 . 6 3 
6 - 3 . 6 0 - 6 . 7 2 - 3 . 7 7 
7 - 6 . 4 4 - 3 . 2 7 - 3 . 1 8 
8 -12 .51 - 1 3 . 1 6 - 1 1 . 4 7 

p r o t o n hype r f ine c o u p l i n g c o n s t a n t s of the 2 M e - N 
rad ica l a n i o n a n d ca t i on . T h e y were o b t a i n e d f r o m the 
ca lcu la ted spin dens i t ies o n t he c a r b o n a t o m s us ing 
the M c C o n n e l l e q u a t i o n wi th Q(H) = 12.2 M H z [14]. 
F o r the methy l p r o t o n s we used a Q ( C H 3 ) = 110 M H z 
[15,16]. T h e M O ca l cu l a t i ons fo r t he case of the a n i o n 
rad ica l give a r a t h e r g o o d a g r e e m e n t wi th the exper i -
m e n t a l d a t a [17, 18]. F o r the c a t i o n t he la t t e r a r e n o t 
ava i lab le 2 , a l t h o u g h severa l o t h e r s u b s t i t u t e d m e t h y l 
n a p h t h a l e n e r ad i ca l c a t i o n s h a v e b e e n p r e p a r e d a n d 
s tud ied by E P R [19, 20]. We n o t e t h a t in the c a t i o n 
radical , un l ike t he a n i o n case, t he ß p r o t o n h a v i n g t he 
largest i so t rop ic h y p e r f i n e c o u p l i n g is t h a t in the pos i -
t ion o p p o s i t e t o t he C H 3 g r o u p , as we f o u n d fo r t he 
excited t r iplet . F o r t h a t r e a s o n we m a d e the r e a s o n -
able choice t o ass ign a l so the o t h e r e x p e r i m e n t a l t en -
sors to the i nd iv idua l p r o t o n s in such a w a y as t o 
reflect a d i s t r i b u t i o n s imi lar t o t h a t f o u n d fo r t he 
ca t ion radica l . I n th is w a y we h a v e re la ted the exper -
imen ta l i so t rop i c c o u p l i n g s t o t he i nd iv idua l p r o t o n s 
as s h o w n in T a b l e 4. M o r e o v e r , T a b l e 5 s h o w s t h e 
t r iplet p r o t o n h y p e r f i n e t e n s o r e l e m e n t s as ca l cu l a t ed 
f r o m the sp in dens i t ies o b t a i n e d f r o m the e x p e r i m e n -
tal i so t rop ic c o u p l i n g s a n d the a b o v e a s s i g n m e n t (de-
tails o n the c a l c u l a t i o n will be r e p o r t e d later). T h e 
a g r e e m e n t w i th t h e e x p e r i m e n t a l t e n s o r s is qu i t e sat is-
fac tory . 

By c o n s i d e r i n g t h a t in the C T c o m p l e x e s the c h a r g e 
t r ans fe r f r o m the d o n o r t o the a c c e p t o r s h o u l d t a k e 
p lace f r o m the d o n o r H O M O , the e x p e r i m e n t a l resu l t 

2 Some tentative experiments were performed without 
success with the aim to prepare the 2 Me-N radical cation 
and to measure its proton hyperfine coupling constants. 
2 Me-N was allowed to react with A1C13 in nitromethane; a 
broad EPR signal was obtained consisting of a single line 
without any hyperfine structure. 
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Table 5. Calculated dipolar hyperfine tensors of the 2 Me-N 
protons in the 2Me-N-TCNB triplet state. 

Proton Anisotropic Direction cosines 
principal 
values x y z 
(MHz) 

«1 6.21 
- 5 . 8 1 
- 0 . 4 0 

0.3553 
0.9347 
0.0000 

0.9347 
-0 .3553 

0.0000 

0.0000 
0.0000 
1.0000 

«2 5.99 
- 5 . 6 7 
- 0 . 3 2 

0.3980 
0.9174 
0.0000 

0.9174 
- 0 . 3 9 8 0 

0.0000 

0.0000 
0.0000 
1.0000 

«3 4.65 
- 4 . 2 9 
- 0 . 3 6 

0.4077 
0.9131 
0.0000 

0.9313 
-0 .4077 

0.0000 

0.0000 
0.0000 
1.0000 

a4 4.45 
- 3 . 9 0 
- 0 . 5 5 

0.3465 
0.9380 
0.0000 

0.9380 
-0 .3465 

0.0000 

0.0000 
0.0000 
1.0000 

ßl 3.58 
- 2 . 5 4 
- 1 . 0 4 

0.6737 
0.7390 
0.0000 

-0 .7390 
0.6737 
0.0000 

0.0000 
0.0000 
1.0000 

ß 2 3.63 
- 2 . 3 0 
- 1 . 3 3 

0.9998 
0.0204 
0.0000 

0.0204 
-0 .9998 

0.0000 

0.0000 
0.0000 
1.0000 

ßl 2.62 
- 1 . 1 8 
- 1 . 4 4 

0.9951 
0.0965 
0.0000 

-0 .0965 
0.9951 
0.0000 

0.0000 
0.0000 
1.0000 

methyl 1.64 
- 0 . 8 9 
- 0 . 7 5 

0.7224 
0.6914 
0.0000 

- 0 . 6 9 1 4 
0.7224 
0.0000 

0.0000 
0.0000 
1.0000 

t h a t t he 2 M e - N t r ip le t spin d i s t r i b u t i o n is s imi la r t o 
the spin d i s t r i b u t i o n of t he ca t i on r ad i ca l is a c lear 
i nd i ca t ion of the o c c u r r e n c e of a re lat ively large 
c h a r g e t r ans fe r . 

In the t r ip le t t r a p the m e a s u r e d to t a l sp in dens i ty 
o n the a a n d ß 2 M e - N c a r b o n a t o m s o b t a i n e d f r o m 
the a b o v e m e n t i o n e d va lues of 0 ( H ) a n d <2(CH 3 ) 
a m o u n t s t o 0.73. T h e c o n t r i b u t i o n of the sp in dens i ty 
o n the c a r b o n a t o m s 9 a n d 10 is expec ted t o be negli-
gible. 

By c o n s i d e r i n g t h a t the t r iplet t o t a l sp in dens i ty 
shou ld dec rease f r o m 1 t o 1/2 by a c o m p l e t e t r ans fe r 
of o n e e l ec t ron f r o m the d o n o r to t he a c c e p t o r , the 
to ta l sp in dens i ty of 0.73 ind ica tes a C T deg ree of 
5 4 % . 

T h i s va lue c o m p a r e s well w i th the va lue o b t a i n e d 
us ing the Z F S t enso r e l emen t s wh ich a r e re la ted to the 
C T degree by the e q u a t i o n 

^ c o m p l e x = ( 1 _ b 2 ) ß J o e + ß k m j = z ? ( 6 ) 

where the supe r sc r ip t s refer to the C T c o m p l e x , to a 
t r iplet s t a t e fully local ized o n the d o n o r 2 M e - N , a n d 

to a t r iplet s t a t e comple te ly ionic . W h i l e t he local 
va lues were o b t a i n e d e x p e r i m e n t a l l y f r o m the E P R 
spec t ra of 2 M e - N in n a p h t h a l e n e c rys ta l s [13], t he 
Dj°n ic c a n n o t be m e a s u r e d a n d h a v e to be ca l cu l a t ed 
by a s s u m i n g a p r o p e r d i s t r i b u t i o n of o n e e l ec t ron sp in 
on the d o n o r (cat ion) a n d o n e o n the a c c e p t o r (an ion) 
a n d a p r o p e r g e o m e t r y of the c o m p l e x . 

By us ing (6), we o b t a i n a m e a n va lue of the C T 
degree of 5 0 % . 

T h e r e f o r e the C T degree of t he 2 M e - N - T C N B t r ip -
let t r a p is m u c h h ighe r t h a n in t he case of u n s u b s t i -
tu t ed n a p h t h a l e n e , a n d this fact n e e d s s o m e c o m m e n t s 
which will be discussed in a f o l l o w i n g sec t ion . 

Proton Dipolar Tensors and Structure 
of the 2Me-N-TCNB Triplet Trap 

T h e o r i e n t a t i o n re la t ive t o t he c rys ta l axes of t he 
2 M e - N molecu le in the t r ip le t s t a t e of t he C T c o m p l e x 
can be o b t a i n e d f r o m the d i r e c t i o n s of t he p r inc ipa l 
axes of the p r o t o n hype r f ine t ensors . 

T h e d i p o l a r hyper f ine i n t e r a c t i o n of a n a r o m a t i c 
r ing p r o t o n h a s local a n d n o n - l o c a l c o n t r i b u t i o n s . 
T h e first o n e is d u e to the spin dens i t y o n t he 7t-orbital 
of the c a r b o n a t o m direct ly b o n d e d t o t he p r o t o n . I n 
the case of t h o s e p r o t o n s h a v i n g a la rge i so t rop i c 
coup l ing fo r wh ich the local sp in dens i t y is large, t he 
d ipo la r t e n s o r c o m p o n e n t s a re m a i n l y d e t e r m i n e d by 
the local c o n t r i b u t i o n , a n d the p r i nc ipa l d i r ec t i ons 
reflect the local geome t ry . In p a r t i c u l a r the d i r ec t ion 
relat ive to the lowest e igenva lue c o r r e s p o n d s t o the 
C - H b o n d d i rec t ion . T h i s s i t u a t i o n is verif ied fo r the 
a p r o t o n s a n d this fact a l lows fo r a r o u g h i n d i c a t i o n 
on the o r i e n t a t i o n of the exci ted m o l e c u l e wi th respect 
to the crys ta l f r ame . 

H o w e v e r , a m o r e rel iable d e t e r m i n a t i o n is o b t a i n e d 
f r o m the e x p e r i m e n t a l d i p o l a r t e n s o r s of all t h e p r o -
tons , by c o m p a r i n g t h e m wi th t h o s e w h i c h c a n be 
ca lcu la ted by us ing a well k n o w n theo re t i c a l p roce -
d u r e [21] wh ich can be app l i ed b e c a u s e we k n o w the 
spin d i s t r i bu t ion in the 2 M e - N - T C N B t r ip le t s ta te . 

T h e resul ts of the ca l cu l a t i ons a r e r e p o r t e d in 
Table 5. T h e y refer to a f r a m e of o r t h o g o n a l axes f ixed 
in the molecule , while the e x p e r i m e n t a l t e n s o r s refer to 
the f r a m e which d iagona l i zes t he Z F S t enso r ; h o w e v e r 
the o r i e n t a t i o n of the la t t e r f r a m e wi th respec t t o t he 
crysta l axes h a s been a l r eady d e t e r m i n e d . 

T h e best a g r e e m e n t of ca l cu l a t ed a n d e x p e r i m e n t a l 
p r o t o n d i p o l a r t enso r s is o b t a i n e d a s s u m i n g Z F S a n d 
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short symmetry axis along the crystal b axis as in the host 
N-TCNB lattic. The 2 Me-N molecule is placed in the crystal 
frame according to the relative orientation of the ZFS tensor 
principal axes x and y with respect to the 2 Me-N molecular 
axes and to the a* and b crystallographic axes. 

m o l e c u l a r axes r o t a t e d , for one of t h e crys ta l sites, a s 
s h o w n in Fig. 5, whe re the c r y s t a l l o g r a p h i c axes a r e 
a l so s h o w n . 

T h e X p r inc ipa l axis of the Z F S t u r n s o u t t o b e 
loca ted close to the C 3 - C 7 b o n d , a n d it m a k e s a n 
ang le of a b o u t 21° wi th the l ong in p l a n e m o l e c u l a r 
axis of 2 M e - N . N o t h i n g can be sa id a b o u t the T C N B 
p a r t n e r of the C T complex , h o w e v e r we c a n safely 
a s s u m e tha t it m a i n t a i n s the s a m e p o s i t i o n on a s y m -
m e t r y center of the N - T C N B h o s t c rys ta l la t t ice . I n 
th is w a y we o b t a i n a s t ruc tu re ve ry s imi lar to t h a t o f 
N - T C N B complexes in their m i n i m u m energy c o n f o r -
m a t i o n where the N molecules a r e r o t a t e d by a n a n g l e 
of ± 18° wi th respect t o the long s y m m e t r y axis o f t h e 
T C N B , t h a t is para l le l t o the a* axis . 

I n th is s t ruc tu re t he me thy l s u b s t i t u e n t is p l a c e d in 
a n o p t i m u m pos i t ion t o min imize t h e steric h i n d r a n c e 
wi th the accep to r c y a n o g roups . 

CT Character of N-TCNB 
and 2 Me-N-TCNB Complexes 

T h e T C N B C T complexes of a r o m a t i c h y d r o c a r -
b o n s h a v e a n a lmos t comple te ly n e u t r a l g r o u n d s ta te , 
whi le the first exci ted singlet s t a t e is ionic. 

T h e C T cha rac t e r of the first exc i ted tr iplet s t a t e T0 

c h a n g e s f r o m one d o n o r to a n o t h e r a n d d e p e n d s o n 
t w o m a i n factors . T h e first one is t he energy d i f ference 

AE b e t w e e n the ze ro o r d e r t r iplet s ta te ene rgy of t he 
d o n o r a n d the energy of the ionic t r iplet s ta te . T h e 
second i m p o r t a n t f ac to r is the t r ans fe r in tegra l t wh i ch 
m e a s u r e s the e lec t ron in t e r ac t ion be tween t he d o n o r 
a n d a c c e p t o r n m o l e c u l a r orb i ta ls . t is t he re fo re af-
fected by the relat ive d o n o r - a c c e p t o r o r i en t a t i on . A 
first o r d e r ca lcu la t ion [22] gives 

T h e t r ans fe r in tegra l is expec ted t o c h a n g e very 
little o n pas s ing f r o m N t o 2 M e - N d o n o r s . In fact , t he 
e l ec t ron d i s t r i bu t i on in the re levant m o l e c u l a r o rb i t a l s 
a re q u i t e s imi lar a n d we h a v e s h o w n t h a t the t w o C T 
c o m p l e x e s wi th T C N B h a v e s imilar geomet r i ca l s t ruc -
tures . T h e r e f o r e the r a t i o be tween the C T degrees of 
the t w o complexes in the i r first exci ted t r ip le t s t a tes 
s h o u l d d e p e n d ma in ly o n the r a t i o be tween the i r re-
spect ive AE values. 

T h e t r ip le t s ta te ene rgy of N is k n o w n f r o m several 
s tud ies [12, 23, 24], whi le t h a t of 2 M e - N tr iplet t r a p s 
in N - h 8 h a s been f o u n d t o lie 313 c m - 1 b e l o w t h e 
hos t t r ip le t exc i ton b a n d [12]. 

T h e ion ic C T tr iplet ene rgy is expec ted to lie c lose 
to t he C T singlet s t a t e because of the smal l e x c h a n g e 
i n t e r a c t i o n w h e n t w o e lec t rons a re d i s t r i bu ted o n dif-
ferent molecu les . F o r N - T C N B the C T s ta te ene rgy is 
23 500 c m - 1 [25] whi le f o r 2 M e - N - T C N B n o d a t a a r e 
ava i lab le . H o w e v e r we c a n resor t t o the use of a well 
k n o w n l inear r e la t ion be tween C T singlet exc i t a t ion 
energy a n d d o n o r i on i za t i on po t en t i a l [26, 27]: 

/j v = 0.85 / d o n o r — e , 

w h e r e e is the a c c e p t o r e lec t ron a f f in i ty . 
F r o m t h e d i f f e rence be tween the ion iza t ion p o t e n -

tial o f N [28] a n d 2 M e - N [29] 0 .17 eV, o n e o b t a i n s 
22 330 c m - 1 f o r the ene rgy of the 2 M e - N - T C N B C T 
singlet s t a t e a n d f r o m these d a t a the r a t i o b e t w e e n the 
C T d e g r e e of N - T C N B a n d 2 M e - N - T C N B firs t ex-
ci ted t r ip le t s ta tes t u r n s o u t to be a b o u t 0 .4 whi le the 
e x p e r i m e n t s give a b o u t 0.5. 

Conclusions 

W e h a v e s h o w n t h a t t he tr iplet t r a p s wi th smal l Z F S 
p a r a m e t e r s obse rved in single crys ta ls of N - T C N B 
d o p e d w i t h 2 M e - N a r e d u e to a C T c o m p l e x of the 
a c c e p t o r T C N B wi th t he d o p a n t molecu le . T h e sp in 
d i s t r i b u t i o n on the d o n o r is s imilar t o t h a t o f the 
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2 M e - N rad ica l ca t ion , wh ich is exp la ined by the elec-
t r o n t r a n s f e r to the a c c e p t o r f r o m the highest m o n o -
occup i ed m o l e c u l a r o rb i t a l of the d o n o r . T h e la rger 
C T degree of the 2 M e - N - T C N B tr iplet s ta te c o m -
p a r e d w i th t h a t of N - T C N B is a c c o u n t e d fo r by t he 
l ower ing of t he C T s ta te d u e to a smal le r i on i za t ion 
p o t e n t i a l of the 2 M e - N d o n o r . 
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