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ELECTRONIC SPECTROSCOPY OF HIGHLY-POLAR AROMATICS 

A SELF-COMPLEX OF N, N-DIALKYL-p-CYANOANILINES 
.A 

VI. 

by 
k << 

Omar S. K h a l i l  , R. a. Hofeldt’  and S. P. McGlynn 

Department of Chemi s t r y  
The Lou i s i ana  S t a t e  U n i v e r s i t y  
Baton Rouge, Lou i s i ana  70803 

ABSTRACT 

The a b s o r p t i o n  and luminescence s p e c t r a  of  N,N-dielkyl-p-  

-1 c y a n o a n i l i n e s  a r e  r e p o r t e d .  A weak a b s o r p t i o n  band a t  r-.29000cm 

i s  a s s i g n e d  t o  a s e l f - complex  of t h e s e  molecu le s .  Assuming a 

d i m e r i c  form f o r  t h e  self-complex,  t h e  a s s o c i a t i o n  c o n s t a n t  i s  

50 K -s 150 J / m .  E x c i t a t i o n  i n  t h e  s e l f - c o q l e x  a b s o r p t i o n  r e g i o n  

produces a phosphorescence and f l u o r e s c e n c e  which a r e  a t  lower 

e n e r g i e s  t h a n  t h e  co r re spond ing  monomer luminescences ;  t h e  new 

e m i s s i o n s  a r e  a s s i g n e d  t o  T; - ‘S: and ‘S: + ISD e v e n t s  i n  the self-  

complex. The e n e r g i e s  o f ,  and t r a n s i t i o n  p r o b a b i l i t i e s  i n  t h e  self -  

complex a r e  r a t i o n a l i z e d  u s i n g  a d imer  s t o i c h i o m e t r y  and a model 

based on d i p o l e - d i p o l e  i n t e r a c t i o n s  o f  s t a t i c  and t r a n s i t i o n  moment 

0 

T h i s  work was suppor t ed  by a c o n t r a c t  between The Un i t ed  S t a t e s  
Atomic Energy Commission-Biology Branch and The  Lou i s i ana  S t a t e  
U n i v e r s i t y .  

**Present a d d r e s s :  Department o f  Chemistry 
Ru tge r s  U n i v e r s i t y  
New Brunswick, New J e r s e y  08903 

‘Present a d d r e s s :  Department of Chemistry 
Boston U n i v e r s i t y  
147 Bay S t a t e  Road 
Boston, Massachuse t t s  02215 

147 

Copyright 0 1973 by Marcel Dekker, Inc. All Rights Reserved. Neither this work nor any part may be reproduced 

or transmitted in any form or by ony means, electronic or mechanical, including photocopying, microfilming, and 
recording, or by any information storage and retrieval system, without permission in writing from the publisher. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



KHALIL, HOFELDT, AND MC GLYNN 

INTRODUCTION 

The t o t a l  luminescence spectrum of so lu t ions  of N,N-dialkyl 

Two -1-cyanoanilines m y  consist '  of f i v e  d i f f e r e n t  emissive events:  

phosphorescences and t h r e e  fluorescences.  The longes t  wavelength 

fluorescence has been described i n  some d e t a i l  and has been 2 

assigned t o  a n  excimer luminescence. The fluorescence and 

phosphorescence of s h o r t e s t  wavelengths r e f e r  t o  monomer emission 

events  of probable 'Lb + ' S o  and La -+ 'So types,  respec t ive ly .  

i s  the  contention of t h i s  paper t h a t  the  fluorescence of intermediate 

wavelength and the  phosphorescence of longes t  wavelength represent  

t h e  emissive output of a self-complex which w e  w i l l ,  henceforth,  

refer t o  as a dimer, and which, un l ike  t h e  excimer, i s  s t a b l e  when 

t h e  monomer components of t he  self-complex a r e  i n  their '5 ground 

s t a t e s .  

3 It 

0 

A l l  experimental techniques used here  have been described 

p r e v i ~ u s l y l - ~  and w i l l  not be discussed f u r t h e r .  

RESULTS 

ABSORPTION SPECTRA 

The long-wavelength absorp t ion  spec t r a  of N,N-dimethyl-p 

cyanoaniline ("DMPCA) and N, N-die thyl -pcyanoani l ine  ("DEPCA) a r e  

shown i n  Fig. 1. The spectrum conta ins  two d i s t i n c t  absorp t ion  

f e a t u r e s :  

4 
E 

region 29000 5 

An in t ense  band i n  the  region 33000 5 \ 5 34500~m-~ with  

2x10 a rn''cm-l; and a weak band of much lower a b s o r p t i v i t y  i n  the  

5 31000 cm-l. 

The i n t e n s i t y  of t h i s  weak band i s  - l o 2  t i m e s  l e s s  than 

that: of the 33000~m-~ band and i s  q u i t e  s e n s i t i v e  to so lvent  po la r i ty ,  

being l a r g e r  i n  po la r  so lvents  and almost  absent i n  non-polar media. 

The i n t e n s i t y  of the weak band i s  also s e n s i t i v e  t o  temperature and 

is, f o r  example, r e a d i l y  de t ec t ab le  i n  hydrocarbon g la s ses  a t  77OK. 
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HIGHLY-POLAR ARC>W.TICS. V I  
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Fig.  1. Absorpt ion s p e c t r a  of  ( a ) ,  "DMPCA and ( b ) ,  NXOEPCA a t  

2 5 O C .  

I n  m e t  hy 1 cy c 1 ohexa ne 

------- In e t h y l a l c o h o l  

It i s  t h i s  weak band which we a s s i g n  t o  t h e  'S1 + 'S a b s o r p t i o n  

event  i n  t h e  dimer. 

0 

The i n t e n s e  band encompasses a t  l e a s t  two d i s t i n c t  

a b s o r p t i v e  e v e n t s  of t h e  monomer. These two e v e n t s ,  i n  a non-polar 

environment and i n  order  of i n c r e a s i n g  energy,  a r e  thought5-' t o  be 

'Lb + So and La + Since t h e  'La s t a t e  possesses  

a s i g n i f i c a n t  charge t r a n s f e r  c h a r a c t e r i s t i c  and i s  h i g h l y  p o l a r ,  it 

i s  a l s o  t h ~ u g h t ~ - ~  t h a t  t h e s e  two s t a t e s ,  'La & Lb, can i n t e r -  

change t h e i r  r e l a t i v e  energy p o s i t i o n s  and t h a t ,  i n  h ighly-polar  

s o l v e n t s ,  t h e  La * '5 can be o f  lower energy t h a n  t h e  Lb c+ So 

1 1 e x c i t a t i o n s .  0 

1 

1 1 1 
0 
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KHALIL, HOFELDT, AND MC GLYNN 

t r a n s i t i o n .  

f luorescence was previous ly  a ~ s i g n e d ~ - ~  t o  a 'La -, '5 process of 

a highly-solvated WMPCA monomer. 

Indeed, t h a t  emission now i d e n t i f i e d 2  a s  a n  excimer 

0 

I n  s l i g h t l y  ac id  media, t he  2 9 0 0 0 ~ m - ~  band d issappears  

-1 and the  i n t e n s i t y  of t he  33000cm band decreases.  These e f f e c t s  

a r e  exac t ly  r e v e r s i b l e  upon n e u t r a l i z a t i o n  wi th  NH OH so lu t ions  and 

may be regenerated,  a t  will, a s  long as t h e  a c i d i t y  remains low. 

Such e f f e c t s  a r e  shown i n  Fig. 2. The decrease of i n t e n s i t y  i n  the  

N 3 3 0 0 0 ~ m - ~  band is  r e a d i l y  r a t iona l i zed  : 

group leads  t o  a decrease of t he  charge t r a n s f e r  c h a r a c t e r i s t i c  of 

the  La + '5 monomeric event and removes t h i s  t r a n s i t i o n  t o  a new 

energy loca t ion .  The disappearance of the  29000cm band, how- 

ever,  i s  not r e a d i l y  exp l i cab le  along such l i n e s .  

t o  emphasize t h a t  t h e  r e v e r s i b i l i t y  which p e r t a i n s  t o  weakly ac id  

media does not hold a t  higher ac id  s t r eng ths :  

an  i r r e v e r s i b l e  s o r t  s e t s  i n  a t  h igh  pH. 

4 

8 Protonat ion  of the  amino 

1 
0 

-1 

It i s  a l s o  well  

Chemical r eac t ion  of 

Neither t h e  -33000 nor the  ~ 2 9 0 0 0 c m - ~  bands obey the 

Beer-Lambert law: The former i n t e n s i f i e s  and t h e  l a t t e r  weakens a s  

t he  concent ra t ion  of t he  absorber decreases.  Such e f f e c t s  a r e  

shown i n  Fig. 3. It i s  suggested, therefore ,  t h a t  t he  -29000cm 

band r e f e r s  t o  some s o r t  of s3 lu te -so lu te  a s soc ia t ion  (o r  s e l f -  

complex) and t h a t  only the  - 33000cm-' band r e f e r s  t o  a t r u l y  

monomeric absorp t ion  event .  The p o s s i b i l i t y  of a s soc ia t ion ,  i n -  

deed, i s  not very  su rp r i s ing :  It i s  known9-I2 t h a t  organic  n i t r i l e s  

exist as dimers i n  t h e  l i q u i d  s t a t e ;  i t  is knownx3 that cyanobenzene 

forms dipole-dipole dimers i n  which t h e  d ipo le  o r i e n t a t i o n s  a r e  a n t i -  

2 a r a l l e l ;  and it i s  only t o  be expected t h a t  t h e  s i m i l a r  (and 

considerably more-polar) N,N-dialkyl-p-cyanoanilines would do l i ke -  

w i s e .  

-1 
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HIGHLY-POLAR AROMATICS. VI 

I I 

40 35 3 0  2 5  

+ L, 103 ( c m ' )  
Fig .  2 .  Room temperature  a b s o r p t i o n  s p e c t r a  of NNDMPCA i n  n e u t r a l  

and a c i d  media. 

Ethylalcoh31 

------- Ethyla lcohol ,  1% h y d r o c h l o r i c  a c i d .  

, . . . . . . Ethyla lcohol ,  5% hydrochlor ic  a c i d .  

s e t s  (a)  and ( b )  r e f e r  t o  0.1 and l c m  c e l l s ,  r e s p e c t i v e l y .  

I f  we assume a dimer s to ich iometry ,  w e  can determine a 

-1 fo rna t ion  c o n s t a n t ,  K. The o p t i c a l  d e n s i t y  of t h e  33000cm band 

is 

D = Eca(1-a) 
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KHALIL, HOFELDT, AND MC GLYNN 

I I 

0. a 

t 0.6 
)r 
t .- 
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.- 0.2 

0 

t 

35 30 

I I 

\ :  

35 30 

F i g .  3. E f f e c t  of  c o n c e n t r a t i o n  on room tempera ture  a b s o r p t i o n  

s p e c t r a  of NNDMF'CA i n  d i f f e r e n t  s o l v e n t s .  

-4 (a )  ....... 5 . 9 7 ~ 1 0  My 0.1cm c e l l .  

-4 2 . 9 7 ~ 1 0  My 0 . 1 m  c e l l .  

------- 1.19~10-~M, 2.5cm ce l l .  

In an e t h y l a c e t a t e  s o l v e n t .  

(b) ....... 8.36~10 My O . l c m  ce l l .  

3 . 3 4 ~ 1 0  M, 0. l c m  cel l .  

------- 1 . 3 4 ~ 1 0  My 2.5cm cel l .  

I n  a 2-dioxane s o l v e n t .  

-4 

-4 

- 5  
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HIGHLY-POLAR AROMATICS. VI 

where G & c a r e  monomer e x t i n c t i o n  and c o n c e n t r a t i o n ,  r e s p e c t i v e l y ;  

where f, i s  p a t h  l e n g t h ;  and i s  t h e  degree  of a s s o c i a t i o n .  A 

monomer-dimer e q u i l i b r i u m  l e a d s  t o  

2 
I) = G c L -  D K / E i  

Hence, i f  t h e  a b s o r p t i o n  s p e c t r a  of two s o l u t i o n s  o f  d i f f e r e n t  c b u t  

constant  c g  a r e  obta ined ,  it fo l lows  that 

hD = D1-D2 7 (D2/a2 2 - D:/il)K/E 

Since € may be determined f o r  a v e r y  d i l u t e  s o l u t i o n ,  it fo l lows  t h a t  

K i s  o b t a i n a b l e .  Data so processed are shown i n  Table  1. Given t h e  

s u p p o s i t i o n  of a dimer s to ich iometry ,  i t  fo l lows  t h a t  K T O  J / m .  

a l s o  fo l lows  that K is smaller (and, hence, t h e  e x t i n c t i o n  co- 

e f f i c i e n t  of t h e  2 9 0 0 0 ~ m - ~  dimer band i s  l a r g e r )  i n  p o l a r  media. The 

d a t a  of Table  2 f o r  NNDMPCA a r e  p a r a l l e l  i n  most r e g a r d s  t o  those  f o r  

"DEPCA except  t h a t  K f o r  t h e  l a t t e r  s o l u t e  i s  somewhat s m a l l e r .  

2 It 

Considerable  r e s o l u t i o n  i s  exempl i f ied  in o r g a n i c  g l a s s e s  

These s p e c t r a  a r e  remarkable a t  77'K and i s  i l l u s t r a t e d  i n  F ig .  4. 

f o r  two reasons :  

----- The spectrum can be reso lved  i n t o  two d i s t i n c t  v i b r o n i c  

progress ions ,  I & I1 of Table  2, each w i t h  a n  average i n t e r v a l  of 

175Ocm-l. S ince  t h e  C3+ s t r e t c h i n g  frequency of t h e  'S s t a t e  0 

l i es  l4'I5 a t  223Ocm-1 in "DME'CA, s i n c e  t h e  symmetric r i n g - b r e a t h i n g  

v i b r a t i o n  lies15 a t  

i n d i c d t e  a complete absence of v i b r a t i o n a l  f r e q u e n c i e s  i n  t h e  1600 - 
2200cn1-~ range f o r  bo th  t h e  c r y s t a l  and s o l u t i o n s  of NNDEPCA, w e  f e e l  

conf ident  t h a t  t h e  C- 1 7 5 0 ~ m - ~  frequency r e p r e s e n t s  a C% s t r e t c h i n g  

mode i n  t h e  e x c i t e d  s t a t e ( s ) .  

----- The i n t e n s i t y  of t h e  longer-wavelength p r o g r e s s i o n  11 i n c r e a s e s  

cons iderably  r e l a t i v e  t o  p r o g r e s s i o n  I a s  t h e  c o n c e n t r a t i o n  of t h e  

1600cm-', and s i n c e  our  own Raman and I R  d a t a  
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HIGHLY-POLAR AROMATICS. VI 

g l a s s y  s o l u t i o n  i n c r e a s e s .  Unfor tuna te ly ,  experiments  such a s  t h e s e  

a r e  r a t h e r  d i f f i c u l t  t o  do and, a s  a $ e d t ,  w e  can only  i n f e r  t h a t  

p rogress ion  I r e f e r s  t o  monomer and progress ion  I1 t o  a s e l f - c o q l e x .  

This  i n f e r e n c e  i s  c l e a r l y  s u b s t a n t i a t e d  by r e f e r e n c e  t o  F i g ' s .  1,2&3. 

-1 The 29000cm band i s  c l e a r l y  of s o l u t e - s o l u t e  a s s o c i a t i o n  

This  stat:ement i s  borne out  by non-Beer's law behavior ,  by o r i g i n s .  

s t u d i e s  i n  low-temperature hydrocarbon g l a s s e s  where s o l u t e - s o l v e n t  

i n t e r a c t i o n s  a r e  s u r e l y  small and, t o  Some degree,  by t h e  s tudy  of 

weakly-acid s o l u t i o n s .  That t h e  s o l u t e - s o l u t e  i n t e r a c t i o n s  lead  t o  

a dimer s to ich iometry  i s  borne out ,  somewhat weakly t o  be sure ,  by 

t h e  d a t a  of  Table  I. and, somewhat more s t r o n g l y ,  by t h e  f a c t  tha t  t h e  

a b s o r p t i o n  of  t h e  a s s o c i a t e  e x h i b i t s  a f a i r  degree of  v i b r o n i c  r e -  

s o l u t i o n  (Progress ion  I1 of Table  2 ) .  

(Progress ion  I of Table  2) probably r e f e r s  t o  a 

The monomer p r o g r e s s i o n  

1 1 Lb 1- So t r a n s i t i o n .  

This  conclus ion  i s  based on a 

b e n z o n i t r i l e s  and, i f  c o r r e c t  

u s  t o  con-lude that t h e  L & 

a r e  heevi lymixed  by v i b r o n i c  

1 
a 

c o r r e l a t i v e  s tudy  of s u b s t i t u t e d  

f o r  N, N-dialkyl-p- cyanoa n i l i n e s  , f o r c e s  

'Lb s t a t e s  of t h e s e  l a t t e r  molecules  

i n t e r a c t i o n s .  This ,  i n  view of t h e  

e n e r g e t i c  proximity of t h e  'L & s t a t e s ,  i s  c e r t a i n l y  p o s s i b l e  

and i s  the only  way w e  can r a t i o n a l i z e  t h e  occurrence  of  a dominant 

C= s t r e t c h i n g  frequency i n  a + S t r a n s i t i o n .  1 
b 0 

a )  O p t i c a l  p a t h  i n .  cm. 

b) Molar e x t i n c t i o n  c o e f f i c i e n t  i n  1 m cm . 
c) Equi l ibr ium cons tan t  i n  k i n  . 

d )  Molar e x t i n c t i o n  c o e f f i c i e n t  f o r  t h e  s o l u t i o n  of lower concent ra t ion ,  

-1 -1 

-1 

i n  which it i s  assumed t h a t  dimer concent ra t ion  i s  minimal. 
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+ 0.2 

0 

I . I 1 

\ I 

I. 

0 . 

I 

.7 ,-. 8 -  \ 
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\ 
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L A  

3 5  30 
1 
2 5  

F i g .  4. Absorption spectra of NNDEPCA i n  3-methylpentane. 

....... 2 . 3 ~ 1 0  M, 0.5cm c e l l  a t  25OC. - 5  

Same solution, 0.4cm c e l l  a t  77OK. 

-4 -.-.-.- 1 . 1 5 ~ 1 0  M, 0.5cm c e l l  a t  25OC. 

------- Same solution, 0.4cm cell  a t  77'K. 

LUMINESCENCE SPECTRA 

The low-temperature luminescence spectra of glassy solutions 

are shown i n  Fig. 5. Excitation i n  the monomer absorption region 

y ie lds  the fluorescence and phosphorescence of F i g .  5(b).  The 
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HIGHLY-POLAR AROMATICS. VI 

TABLE 2 

VIBRATIONAL ANALYSIS OF THE ABSORPTION SPECTRA OF FIGURE 4 

Progression I Progression 11 
- - 
V A'v A;/ n V Ail &In 

-1 (a-5 (a-5 (Cm'l) (cm-l) (a ) -1 
(a 1 

29630 090 28777 O Y O  0.00 

31056 1426 1426 30534 17  57 1757 

33333 3703 1851 32258 3481 1740 

34843 5211 1 7  37 34014 5237 1745 

Average = 11723 Average = 1745 

phosphorescence i s  of r e l a t i v e l y  long l i f e t i m e ,  T - 2 sec  and the  

fluorescence i s  e s s e n t i a l l y  i d e n t i c a l  t o  that  observed under s imi l a r  

e x c i t a t i o n  conditions i n  f l u i d  so lu t ions  a t  25OC. Exci ta t ion  i n  the  

dimer absorp t ion  region y i e l d s  the  two new fluorescence and 

phosphorescence emissions of Fig.  5(a).  The phosphorescence i s  

of intermediate l i f e t ime ,  T 0.5  sec  and the  fluorescence i s  

e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  observed under s imi l a r  e x c i t a t i o n  

conditions i n  f l u i d  so lu t ions  a t  25OC which exh ib i t  abso rp t iv i ty  a t  

P 

P 

2 9 0 O O ~ m - ~ .  

The luminescence of a c r y s t a l  of NNDMF'CA and NNDEPCA 

cons i s t s  s o l e l y  of dimer emission, none o r  neg l ig ib l e  monomer 

luminescence being observed regard less  of t he  reg ion  of e x c i t a t i o n  

(See Fig. 5(a)) 

Weak a c i d i f i c a t i o n  produces no e f f e c t  on the  luminescence 

spectrum of t he  monomer. This observation is cont rary  t o  t h e  
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Fig. 5. Total luminescence spectra a t  77'K of  NYL)MPCA ( a ) ,  ex- 

c i ted  i n  the dimer absorption band and (b) excited i n  

the monomer absorption band. 

3-MP g lass .  

--_---- EPA glass. 
- - - -  . . . Ethylalcohol g las s .  

....... Crystalline s ta te .  
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HIGHLY-POLAR AROMATICS- VI 

s i t u a t i o n  observed i n  an i l ines '  o r  nitroaromatics16 where the  

luminescence spec t ra  of the  protonated and unprotonated spec ies  a r e  

qui te  d i f f e ren t .  

spec t ra  observed here.  

that protonated N,N-dialky-e-cyanoanilines d i s soc ia t e  i n  the exc i ted  

luminescent s t a t e s  t o  y ie ld  the  unprotonated exc i ted  monomer, a 

conclusion which a l s o  i s  borne out  by the  e f f e c t s  of protonation on 

It i s  a l s o  contrary t o  t he  e f f e c t s  on absorption 

It seems reasonable t o  conclude, therefore ,  

n 

excimer formation e f f i c i e n c i e s L  i n  these  same systems. 

The spectroscopic c h a r a c t e r i s t i c s  of t he  var ious  emissions 

a r e  tabulated i n  Table 3. It i s  seen t h a t  monomer and dimer emissions 

s h i f t  t o  lower energies a s  the solvent p o l a r i t y  increases ;  t h a t  t he  

phosphorescence l i f e t ime  of the  dimer, 7 increases  and t h a t  the 

associated quantum yie ld  r a t io ,  (qp/qf)D, decreases wi th  increas ing  

po la r i ty  of both solvent and solute.  

P '  

DISCUSSION 

Intermolecular i n t e rac t ions  exh ib i t  g rea t  va r i e ty .  I n  

view of the  f a c t  t h a t  the molecules of i n t e r e s t  here a r e  highly d i -  

polar i n  both their ground and exc i ted  s t a t e s  and that they exh ib i t  

some e l e c t r o n i c  t r a n s i t i o n s  of very high ex t inc t ion ,  we  w i l l  re- 

s t r i c t  d i scuss ion  t o  dipole-dipole in t e rac t ions  of s t a t i c  and t ran-  

s i t i o n  moment type. 

s t a t i c  d ipo la r  i n t e rac t ions ;  i n  f a c t ,  we go t o  the  opposite extreme 

i n  our presumption of t h e i r  dominance. 

We cannot, a s  o the r  au thors  d017'20, neglec t  

M We adopt the following nota t ions :  #, q, S*'  * . * . I  <, $ represents  the  manifold of monomer s t a t e s ;  is:, <] re -  

presents  the  manifold of d imer  s t a t e s ;  p i s  the  d ipole  moment of 

the $ s t a t e ;  p i s  the  d ipole  mement of t he  'L monomer (probably 
g 

e a 

3) s t a t e ;  % i s  the d ipole  moment of , M i s  the t r a n s i t i o n  
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HIGHLY-POLAR AXOMATICS. VI 

1 
moment of the La + "Al 

molecular d i s tance .  

4- '$) t r a n s i t i o n ;  and R i s  a n  i n t e r -  

D 5y15, w e  may assume t h a t  T1 i s  of Since is of L~ type 

3L parentage. As i s  c l e a r  from Table 3, t he  d i f f e rence  i~ (0,O)- 

- D  v (0,O) is  g r e a t e r  than zero and inc reases  wi th  an increase  of 
P 

solvent po la r i ty .  Since the  t r a n s i t i o n  moments of TtS t r a n s i t i o n s  

a r e  qu i t e  neg l ig ib l e ,  it i s  immediately implied t h a t  

3 

a P 

- M  2 3  
V (0,O) - tpD(O,O) 4 / R 3  - p /R + B-A+.. 
P 8 

where B and A a r e  solvent-solute i n t e r a c t i o n  energ ies  i n  T 

respec t ive ly ,  

D and So  , 1 

and that Fc > %- 
The dimer fluorescence energy i s  more s e n s i t i v e  t o  so lvent  

p o l a r i t y  than is t h a t  of the  monomer fluorescence.  Thus, we can 

> pg. Since p('L ) i s  not expected b conclude from Table 3 t h a t  p 

t o  d i f f e r  much from p( A1), we might i n f e r ,  therefore ,  that be 1 

pe r t a ins  t o  a 'L s t a t e .  If so, w e  may wri t e  

- 1  1 
V( La + So) - % - p:/R3 + M2/R3 - P2/R3 + C-A+. - g 

I f ,  f u r t h e r ,  because of the  presumed L na ture  of both exc i ted  

s t a t e  dimer species,  we assume that 

write 

pe w e  f i nd  B - C and can 

{;pM(O,O) - - D  v (0,O)I - {%lLf: + 'S$ - -M2/R3 -4000a1-~ 
P 

3 1 The computed va lue  of d / R  f o r  the La s t a t e  i s  (see Table 4) 

5 0 7 2 ~ m - ~  a t  &4A0& 3 5 6 2 ~ ~ 1 - 1  a t  R=4.5A: i n  f a i r  agreement wi th  the  

experimental va lue  of -4OOOcm . 
The enhancement of cp / c p  which occurs upon dimerization, 

-1 

P f  
the  lc+. e x t i n c t i o n  of the  ~ 2 9 0 0 O c m - ~  dimer absorp t ion  band, and 

the cons idera t ions  of the  previous paragraph, a l l  i n d i c a t e  t h a t  

molecular exc i ton  coupling is e f f e c t i v e  and that t h e  'S: - 'S: 
t r a n s i t i o n  i s  forbidden '*-*'. This conclusion i s  compatible wi th  a 
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KEALIL, HOFELDT, AND MC GLYNN 

TABLE I V  

DIPOLE-DIPOLE INTERACTION ENERGIES IN NNDWCA DIMER' 

I n t e r a c t i o n  Energy (an-') 

Term (a )  

0 
R=4A R=4. 5A0 R=5A0 

2 3  
Gg/R 

G/ R3 

2 3  

M2/R3 

be/ R 

3430 

5280 

12306 

5072 

~~ 

2409 

4259 

8642 

3562 

1756 

3606 

6300 

2596 

a )  pg i s  taken as 6.6D; + was ca lcu la ted  from i~ M-; D=1850cm-1 
P P  

2 3  %'/R3 - pg/R , where 185Ocm-' i s  the  t r i p l e t  s epa ra t ion  i n  

3-MP g l a s s ;  a l l  ca l cu la t ions  assumed that p = 12.5D, a s  i s  

given i n  Ref. 2 (However, t h i s  va lue  may be too  l a r g e ;  a t  any 

r a t e ,  it is  co r rec t  t h a t  pe 2 

from the  f-number and frequency of t h e  33000an 

band of NNDMPCA. 

; a value M a 8D was deduced 

-1 
+) 

absorp t ion  

D 
1 dimer ic  sandwich s t r u c t u r e  f o r  S i n  which t h e  t r a n s i t i o n  d ipoles  of 

t he  ind iv idua l  'SM components a r e  out-of-phase. 

energy diagram, r e p l e t e  wi th  a l l  t he  pre judices  of t h i s  s ec t ion ,  is 

shown i n  Fig. 6. 

The r e s u l t a n t  2 

A l i s t  of var ious  i n t e r a c t i o n  energ ies  i s  given i n  Table 

4. 

s p e c i f i c  R, l i e  i n  t h e  order  p2/R3 2 L$lR > M / R  

va lue  of ;('I.:+ 'St) - ;fD f o r  "DMPCA i n  a 3-methylpentane 

g l a s s  (where C & A may be taken t o  be q u i t e  small and t o  cancel each 

The energy terms a r e  s e n s i t i v e l y  dependent on R but,  f o r  any 

p / R  . The 2 3  2 3  2 3  
g 
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HI GBLY-POLAR ARO.MATTCS . 

LO I 

T 

VI 

0 13.. 
Monomer 

'A I 
,- 

*.1. k 

Dimer Monomer 

Dipole - Dipole Dipole- Dipole Dipole - Dipole 

& Exciton 

Fig .  6. Energy l e v e l  diagram f o r  NNDME'CA monomer and dimar. The 

s o l i d  h o r i z o n t a l  b a r s  a r e  exper imenta l  s t a t e  e n e r g i e s .  

Dashed h o r i z o n t a l  b a r s  a r e  es t imated  e n e r g i e s  of un- 

observed s t a t e s .  V e r t i c a l  l i n e s  connect ing t h e  s o l i d  

h o r i z o n t a l  b a r s  r e p r e s e n t  observed e l e c t r o n i c  t r a n s i t i o n s .  

-1 o t h e r )  i s  5600cm . 
& lO746cm-I a t  R = 4,4.5 h 5A: r e s p e c t i v e l y , o f  a n  exactly-meted 

sandwich s t r u c t u r e .  

d a t a  i s  r e a d i l y  c o r r e c t e d  by i n t r o d u c i n g  a n  a n g u l a r  r o t a t i o n  o r  s ide-  

ways displacement  of  one molecule w i t h  r e s p e c t  t o  the o t h e r  i n  t h e  

sandwich. 

The computed v a l u e  ( s e e  Table  4 )  i s  19228, 14054 

The d iscrepancy  of t h e  observed and computed 
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m I L ,  HOFELDT, AND MC GLYNN 

I n  sum, while we have shown that d ipole-d ipole  in t e rac t ions  

can account f o r  t he  observed s e t  of d imer  energy l e v e l s  and t h a t  

.;lolecular exc i ton  cons idera t ions  can r a t i o n a l i z e  the  observed 

absorp t ion  and emission p r o b a b i l i t i e s  of var ious  d i m e r  t r a n s i t i o n s ,  

w e  have by no means proved such. F ina l ly ,  the  observed inten- 

s i f i c a t i o n  of the IS; + 'S; t r a n s i t i o n  i n  po la r  so lvents  (joined 

as it i s  wi th  lower va lues  of the  a s soc ia t ion  constant,  K) fo rces  us 

t o  conclude that dimer-solvent i n t e r a c t i o n s  a r e  a l s o  important i n  

determining t h e  spec t roscopic  behavior of t h e  d imer .  
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