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I n  an earl ier  p a p e r  [1] (referred to as I),  we ca lcu la ted  the  re la t ive  in tensi t ies  
of  v ib ra t iona l  components  appear ing  in the  1L a band  of  the  l inear  polyacenes  and  
showed t h a t  these were in good agreement  wi th  exper iment .  W e  have  since found  
t h a t  the  components  of  the  vec tor  (in t e rms  of  normal  co-ordinates)  represent ing  
the  change in equi l ibr ium configurat ion on electronic exci ta t ion ,  were ca lcu la ted  
b y  an  incorrect  procedure.  Al though  the  formulae  given in the  paper  are correct ,  
in our  calculat ions  we confused the  t ranspose  with  the  inverse of  the  L matr ix* .  
Because in our  calcula t ion the  reduced  mass  was fac tored  out  of  the  G mat r ix ,  L 
was nea r ly  or thogonal ,  and  hence L -1 was near ly  the  same as Lr The resul ts  we 
p resen ted  in I are  therefore  no t  grossly in error. 

The correc ted  envelopes  are inc luded for the  polyacenes  in Fig.  I .  The calcu- 
l a t ed  posi t ions  and  re la t ive  intensi t ies  of the  more i m p o r t a n t  fundamen ta l s  are 
inc luded  in the  table .  

The d o t t e d  envelopes  are ca lcula ted  on the  basis  of  a bond  o rder -bond  length  
re la t ion  R ---- u P  wi th  u chosen to  fit the  known bond  length  changes associa ted  
wi th  the  benzene 1B2~ *- 1A1 a t rans i t ion ,  as descr ibed in I .  I t  is seen t h a t  for the  
polyacenes  the  progress ional  in tens i ty  is r a the r  less t h a n  t h a t  observed  experi-  
men ta l ly .  I f  the  value  of  u is increased f rom 0.228 to  0.300 the  ca lcu la ted  envelopes  
(shown in Fig.  i by  b roken  lines) are in much  be t t e r  agreement .  B y  compar ing  
the  d o t t e d  and  dashed  envelopes one can see t h a t  u is a ve ry  sensi t ive p a r a m e t e r  
in the  theory .  

Similar  calculat ions have  been carr ied out  for the  1La bands  of  perylene  and  
pyrene.  F o r  perylene,  once again  be t t e r  agreement  is ob ta ined  using ~ = 0.3 
r a the r  t h a n  0.228, as m a y  be seen from Fig.  i .  Pyrene ,  on the  o ther  hand,  is an  
except ion  to  the  general  t r e n d  in t h a t  the  reverse is t rue.  W i t h  ~ --- 0.3 the  inten-  
sities are cons iderably  ove res t ima ted  and  the  corresponding b roken  line has no t  

* We use the nomenclature of W~so~,  D~eivs and CRoss [2]. I f  d is the column vector 
giving the change in equilibrium configuration in the terms of internal co-ordinates, then the 
change in terms of normal co-ordinates is Q = L -1 d, where S = L Q and the elements of L are 
normalised to the G matrix such that G = L Lr Our error amounted to writing Q = Lr 

Two misprints appear in Paper I. The entry under benzene calculated in table (of I) 
should be 892 cm-1 and the entry under anthracene (a2) in table should be 0.0t6 rather than 
0.002. 

A detailed general theory of Franck-Condon factors for polyatomics taking into account 
changes in normal coordinates on excitation has been given by S~ARP and ROS]~STOeK [3], 
but previously applied only to small molecules. 
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est two stretching vibrations is now in agreement with experiment. We therefore 
deduce that  the incorrect order in the progressional intensities of the progres- 
sions having a frequency close to 1450 em -1 was due to our simplified normal 
co-ordinates. 

For phenanthrene the 1La band underlies to a large extent the more intense 1L b 
band and accurate progressional intensities cannot be determined experimentally. 
However, the 1Lb band at longer wavelength is interesting because two progres- 
sions are observed, one with a frequency of 670 cm -1, the other, which is stronger, 
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of about  i378 cm -1 [6]. Calculations based on our simple model (considering C-C- 
stretches co-ordinates only and bond order changes calculated from Hiickel 
theory) indicate tha t  four vibrational modes are predominantly excited (as shown 
in the table). The frequencies of three of them fall in the region of i330 to 1550 cm -1, 
and in a solution spectrum would appear as one progression. The fourth corres- 
ponds to the lowest frequency C-C-stretching vibration (with calculated frequency 
of 586 cm-1). This low frequency progression is more intense than  the correspond- 
ing low frequency progressions of the polyaccnes. I t  is reasonable to suppose tha t  
the higher group of frequencies would appear as a single progression in the solution 
spectra and tha t  our calculated frequency of 586 cm -1 corresponds to the 780 cm -1 
fundamental  observed. The calculations are therefore in qualitative agreement 
with experiment although with u = 0.228 we again underestimate the intensities 
of the progression. 

From these results, we conclude tha t  changes in bond length calculated from 
simple excited state wave-functions and the linear bond order-bond length rela- 
tionship, coupled with a simple normal co-ordinate analysis of the skeletal vibra- 
tions, gives progressional intensities qualitatively in good agreement with experi- 
ment.  The agreement is improved if the parameter  ~ is optimised for each series 
of hydrocarbons, and further if a more sophisticated force field is chosen. Our 
assumption tha t  the force fields in the ground and excited states are the same 
probably does not lead to any serious error. 
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