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INDIRECT DETERMINATION OF ELECTRONIC TRANSITION FREQUENCIES OF 

CORONENE, TRIPHENYLENE AND l,2,5,6-DIBENZANTHRACENE IN THE VAPOR PHASE 

Key words : Coronene, Triphenylene , 1 ,2 ,5 ,6  Dibenzanthracene, vapor spec t ra  

Raul G.  E .  Morales and Gabriel  Traverso 
Departamento de Quimica 
Univers idad de Ch i l e  

Cas i l la  653 - Santiago, Chile 

Frequencies of absorption band maxima f o r  the f i r s t  two e l ec t ron ic  

s i n g l e t  t r ans i t i ons  of coronene, tr iphenylene and 1,2,5,6-dibenzanthracene 

i n  vapor phase were ca lcu la ted  ind i r ec t ly  from so lu t ion  spec t r a l  da t a .  

ca lcu la t ions  were based on two d i f f e r e n t  models: the f i r s t  one was a l i nea r  

co r re l a t ion  between the so lu t ion  absorption frequencies in  nonpolar solvents 

and the so lvent  r e f r ac t ive  indices.  The accuracy of both methods was checked 

with anthracene and some of i t s  der iva t ives :  both methods gave a good agreement 

with the experimental values.  

The 

INTRODUCTION 

In a broad study of exc i ted  s t a t e  proper t ies  of severa l  polycondensed 

hydrocarbons by solvatochromic s w c t r a l  the vapor phase absorption 

frequencies were necessary. Due t o  the low vapor pressure of coronene, 

tr iphenylene and 1,2,5,6-dibenzanthracene, t h e i r  vapor spec t ra  could not 

be recorded. 

i n  t h i s  work and were applied t o  g e t  approximate frequency values f o r  the 

frequencies of the f i r s t  two e lec t ron ic  s i n g l e t  t r ans i t i ons  of these hydrocarbons. 

Two d i f f e r e n t  semiempirical methods3s4 were t e s t ed  successfu l ly  
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MTERIALS AND WIXODS 

M O U E S  AND TRAVERSO 

Coronene, tr iphenylene and 1 ,2 ,5  &dibenzanthracene a s  w e l l  a s  anthracene 

as  wel l  a s  anthracene and its de r iva t ives ,  were obtained from Aldrich Chemical 

Co., and they were purif  Led by f r a c t i o n a l  sublimation. 

grade solvents (Uvasol from Merck) were used without fu r the r  pu r i f i ca t ion .  

Measurements were made with a Cary 17 recording spectrophotometer. 

instrumental ca l ib ra t ion  is known t o  be accurate t o  b e t t e r  than 2 1 A over the 

spec t r a l  range of i n t e r e s t  and the  r ep roduc ib i l i t y  of the measurements reported 

here is be t t e r  than 0.5 A. 

The spectroscopic 

”he 

Vapor spec t ra  of a sample in  a ten-centimeter c e l l  were measured i n  a 

heated c e l l  compartment with quar tz  windows in  comparison w i t h  the absorption 

of a i r  a s  a reference.  The standard sample holder was replaced by a thermo- 

s t a t ed  compartment, and the samples were equi l ibra ted  before measurement. 

Solution spectra had been obtained a t  room temperature. 

One of the methods (method I)  fo r  pred ic t ing  vapor t r a n s i t i o n  frequencies 

was based on the so lvent  S ta rk  e f f e c t  model of Baur and N i ~ o l ~ ’ ~ ’ ~ .  

found t h a t  the frequency of an e l ec t ron ic  t r a n s i t i o n  i n  so lu t ion  

They 

( V  ) can be expressed by: 

where E ’  i s  the e f f ec t ive  d i e l e c t r i c  constant6,  n i s  the r e f r ac t ive  index 

and A and B a r e  molecular parameters dependent on the so lu t e  molecule in the  

ground and excited s t a t e s .  When the vapor frequency v is unknow, i t  can 

be estimated from a s e t  of v values in  d i f f e r e n t  polar solvents by means of 

a l e a s t  squares fitting4’’. 

The other method (method 11) was based on the  l i n e r a r i t y  t h a t  holds 

between the so lu t ion  frequencies and the r e f r ac t ive  indices of the non- 
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ELECTRONIC TRANSITION FREQUENCIES 

TABLE 1 

1 1  F r e q u e n c i e s  of t h e  Q'-O" a b s o r p t i o n  bends ( A- L ) of 

a n t h r a c e n e *  and i t s  derivatives** i n  s o l u t i o n  a t  room t e m p e r a t u r e  

S o l v e n t  

n- pcn t ane 

n-hexane 

n -hep tane  

i s o c t a n e  

cyc lohexane  

benzene 

d ioxanc  

ch lo ro fo rm 

d i e t h y l e t - h e r  

d i rh lo romet l i ane  

e t h a n o  1 

i s o p r o p a n o l  

methanol  

a c e t o n e  

NNDFNA* ** 
a c e t o n i  t r i l e  

* R e f . 2 .  

** A : Anthracene;  

A 

26720 

2C685 

26670 

2 6 6 9 2  

266 13  

26  399 

26469 

26406 

26649 

26445 

26624 

26638 

26652 

26582 

26403 

26592 

IICA 

24994 

24'104 

24931 

24966 

2 . 1 ~ 9 1  

24722 

24820 

24777 

224969 

2 4 8 0 5  

24956 

24 ' )75  

2 5 0 0 3  

24941 

2 4 1 1 7  

24959 

DR A 

24907 

248'3 1 

24866 

24866 

24805 

24637 

?4722 

24698 

24888 

24716 

24873 

2489 1 

249 1 3  

24848 

2 466 I 

2 4 8 7 3  

DNA 

25214 

25164 

25135 

25154 

2509 1 

24910 

2499 1 

24 8') 7 

2 5  19 2 

249 3 1 

2 5 1 3 8  

25151 

25179 

2 5 0 9 7  

24'347 

2 5  176 

DPA 

255'76 

25536 

2551U 

25520 

2 54 39 

25731 

7 5 3 5 5  

2 5 2 5 3  

2 5 5 1 3  

2 5 2 9 4  

25504 

2 5 5 1 4  

2 5 5 5 3  

25455 

25304 

2 5 4 4 2  

625 

UCA : 9,lO-clichloraanthracene; DBA : 9,lO-dibro 
moanthracenr;  DMA : 9 ,  l b -d ime thy lan th racene ;  DPA :9,10-cli-  
pheny l a n t h r a c e n c .  

* * *  NNDM€A : N,N-dimethylformamide. 

plar 

of t o  n = 1, by means of the following empirical expression: 

The vapor frequency could be obtained by extrapolation 

where a i s  a constant of the system. Again was obtained by a l e a s t  

squares procedure. 
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626 MORALES AND TRAVERSO 
T-18 2. 

F r e q u e n c i e s  of  absorp t ion  b a n d  maxlma i n  vapur  IJhase 
c a l c u l a t - e d  from Nicol a n d  R d u r  rnodcl ( , J $  ) ail4 l i n e a r  r e l a t l o n s h ~ p  
of r e f r o c t i o n  i n d e x  i n  n o n p o l a r  s o l v e n t s  ($,I) , a n d  experirner i tnl  
v a l u e s  e x t r a p o l a t e d  to  rmm t e m p c r o t . u r c  ( 

Compound 

A n t h r a c e n e  

9 , l O - D i c h l o r o -  
a n t h r a c e n e  

9 , lO-Dibmmo-  
a n  t h r a c e n e  

'J, 10-Dimethyl -  
an  t h  r a c e  n e 

9 ,  l o - u i p h e n y  l- 
a n t h  r o c x n e  

b a n d  

1 
l*- I. 

lA- l L  

1 1  
A- I, 

l*-'L 

1 1  A- L 

I - 1  
U", (c1n ) 

28097 203 

26060 -f 158 

2i,111 117  

26483 2 1 Y  

26395 227 

" Y ,  (clll-l) ii v,cxp. , ( c m - ' )  

27583 t 4 7  2764 3 

2 5 6 3 4  34 25836 

25644 I 2 8  257 I(. 

25977 T 47 25')f,2 

25317 f 3 3  Zf,20? 

RESULTS AND DISCUSSION 

1 1L 
The s o l u t i o n  f requencies  ( 0 - 0 band of the A -  a t r a n s i t i o n )  of 

anthracene2 and s e v e r a l  of i t s  d e r i v a t i v e s  a r e  shown i n  Table 1. 

temperature  the  vapor pressures  were too l o w  t o  record t h e  s p e c t r a  of these 

compounds. However, they were recorded a t  severa l  temperatures  between 

i n  T a b l e  1 .  A t  room t e m p e r a t u r e  thf. v a p o r  p r e u s u r c $ w c i e  too I N  

80 and 26O'C .  

e x t r a p o l a t i o n  ( v . exp. va lues  i n  Table 2) .  The vapor f requencies  u I 

at@ uV1 were a l s o  c a l c u l a t e d  by methods I and I1 and they a r e  shown i n  

Table 2.  

A t  room 

The vapor f requencies  a t  room temperature were obtained by 

A good agreement between experimental  and ca lcu la ted  f requencies  was 

found: t h e  experimental  r e s u l t s  u s u a l l y  occur between the  two c a l c u l a t e d  

r e s u l t s ,  i . e . ,  

2 The s o l u t i o n  f requencies  of t h e  absorp t ion  maxima of coronene , 

t r iphenylene  and 1,2,5,6-diben~anthracene~ a r e  shown i n  Table  3. 

c a l c u l a t e d  vapor f requencies  s r e  given i n  Table 4 for the  'A- 

The 

1L a and . .  
IA-'B t r a n s i t i o n s .  b 
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628 MORALES AND TRAVERSO 
TABLE 4 .  

Frequencies of absoi p t i o t i  bdid maxima i n  vapor pltase 
c u l c u l a t r d  from Nicol and :<bur m)&I ( '~11 and a ! inear rclationshi1, 
on refr.iction i n & x  u f  iionpolar ~ : ~ i l v ~ * r i t ! ;  ( J I L ) .  

- 1  
cotipound band vr,(cm ) 

Coronene 1A-14 ,  2 4 1 6 1  2 5 2  

A- IL .  294551 2 1 9 6  

Triphenylcne 

1 , 2 ;  5 , G -  Dibenz- 
anthracene 

b l A - I L  

l*-lL 

24067 10 

29089 ii 

3 0 4 5 5  t 1 0 1  3 0 2 2 2  _f 10 

36794 2 199 36036 _f 2 8  

25962 ?' 1 5 1  

3U1L j 1 7 2  
1 1  

A- L 

2 5 7 3 6  3 2  

2971;l :,7 

Again method I gave s l i g h t l y  higher values than method 11, but  the 

d i f fe rences  were not s ignif  i can t .  

The complexity of the  solvent in te rac t ion  and the lack of a 

comprehensive theory t h a t  gives an accurate and general i n t e rp re t a t ion  of 

spec t r a l  solvent s h i f t s  do not allow a simple explanation fo r  the f a c t  t h a t  

method I gave generally higher values than method 11. 

However, methods I and I1 can be used t o  give upper and lower l i m i t s  for 

the experimental value. 
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