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ON THE APPLICATION OF THE NIETHOU OF 
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MOLECULAR S T R U C T U R E U S S  ELECTRONIC 
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INTRODUCTION 

It i s  well known t ha t  i n  the course of an elec- 

t ronic  t rans i t ion  a molecule undergoes a s t ruc tura l  

change usually along a single one of i ts  normal co- 

ordinates /l-3/(the corresponding vibration i s  cal led 

opt ical ly  active). This change i s  given by the dimen- 

sionless parameter X, defined as the shift o f  the 

equilibrium posit ion o r  the relevant osc i l la tor  i n  

the transit ion.  Optically active vibrations are known 

in  the theory of radiationless t r a n s i t i o n s  as accept- 
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1010 RASHEV 

ing modes (as they accept m o s t  o f  the electronic ener- 

gy which is released i n  the t ransi t ion) .  Knowledge of  

the relevant parameters X i s  o f  utmost importance 

f o r  $he correct calculation of radiationless t r ans i t -  

ion ra tes  /4,5/0 

Optically active vibrations are prominent i n  

molecular electronic absorption and emission spectra 

as they fo rm progressions, Thus rrom s t ruc tura l ly  res- 

olved spectra it i s  no special problem t o  determine 

the parameters X. However s t ructural  spectra of com- 

plex molecules are often not obtainable, especially 

i n  the par t icu lar  conditions required. I n  the present 

l e t t e r  we shall outline a procedure which makes pos- 

s ible  the determination of the shift X of the opt- 

i c a l l y  active vibration i n  the electronic t rans i t ion  

from s t ruc tura l ly  unresolved absorption o r  emission 

spectra, which are typical  f o r  polyatomic molecules. 

Much at tent ion in l i t e r a tu re  has a l s o  received 

the problem o f  the determination of the frequency O,, 

of the zero  electronic t rans i t ion  from continuous 

electronic spectral  bands. The methods applied t o  this 

end have been disoussed in /6/. uur procedure, descr- 

ibed below, proves e f r i c i en t  i n  the determination of 

Woo too. 

Y ~ O R ~ T I C A L  CONSIubRATIONS 

The molecular model on which the derivation 01' 
the subsequent rormulas is based w a s  described i n  /7/ 
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STRUCTURELESS ELECTRONIC SPECTRA 1011 

Here we shall  only give the  basic features. 'l'he mol- 

ecular normal modes are c lass i f ied  into two groups : 

a high frequency ( W , )  vibration and s h i f t  paramezer 

Xo which ( i t s  progression) deternines m e  general 

contour of the spectral  band and a multitude of  low 

frequency vibrations o f  equal frequency U y  ( = 

Wo/m , m - integer) and s h i f t  parameters 

t e r  vibrations are responsible f o r  the broadening o f  

the components of  the progression of the vibration 

Uo . The superposition o f  those broadened components 

yields a s t ructureless  band, which i s  the object of 

our investigation. 

Xi.The l a t -  

Using the general formulas from /8/ f o r  our  

special  model we can write the folloin@; expression, 

describing the absorption coefficient 

Here I, - modified Bessel function; a =zXi 2 (sum- 

mation i s  over the group OX l o w  frequency modes); 
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1012 RASHEV 

B = k d , / 2 H .  The moments of the d i s t r i b u t i o n  (1) are 

given by the following formulas : 

- rlormal 
moments, 

moments 

Using the expression f o r  the generating function 01' 

the modified Bessel functions from (I) and ( 2 )  can be 

obtained following formulas f o r  the first three mom- 

ents  of the d i s t r i b u t i o n  (1) : 

M,, as calculated from ( 3 )  i s  given w i t h  respect t o  

the zero electronic  t r a n s i t i o n  uop of the spectrum 

(I), while $ and M3,being cent ra l  moments,are 

given w i t h  respect t o  iK,, Formulas ( 3 )  can a l s o  be 

used f o r  the descr ipt ion of  emission spectra  by j u s t  

changing the signs of the first and third moments, 

- - 
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STRUCTURELESS ELECTRONIC SPECTRA 1013 

DIEGUSSION 

The values of the three moments (3)  are enough 

t o  characterize the shape of the structureless spec- 

t r a l  band ($ 

(iX,)o Using relations (3 )  i s  concluded tha t  che spec- 

trum i s  equally well characterized by the parameters 

Xo, a, m and 1% (when and T are known) Xo det- 

ermines the overall width of the spectrum while a 

i s  characterist ic of  the widths o r  the components of  

tne progession i n  do . Thus the spectrum is structur- 

e less  only when a exceeds certain minimum value, 

otherwise the spectrum reveals structure. 

and % ) and i t s  spectral  position 3 

It was shown i n  /7/ t ha t  the shape o f  the spec- 

trum W, does not depend on the values of the param- 

e te rs  a and m(or  d, = u o / m )  separately but varies 

only w i t h  the r a t i o  a/m, U s i n g  this fac t  we take the 

l i m i t  m -j 00 in expressions ( 3 )  and define d = 

lim(a/m). We obtain : 
m+*oo 

9 

Formulas (4) are the principal resu l t  of this 

work. They do not contain e i ther  W ,  o r  m which 
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1014 RASHEV 

characterize the group oE l o w  frequency vibrations.  

Thus we may argue t h a t  the re la t ions  (4) are applic- 

able t o  a more general c lass  oi' spectra  than origin- 

a l l y  considered, namely those, f o r  which the broad- 

ening o f  the components of the high frequency progr- 

ession i s  not due t o  low frequency vibra'tions but t o  

some other mecnanism /6,9/. 

Now l e t  us describe the procedure b y  whxh spec- 

troscopic information m a y  be gained from a given 

s t ruc ture less  (continuous) spectrum using formulas  

(4). We note t h a t  the described method does not yield 

the values of T and L ~ o  (T i s  the temperature a t  

which the spectrum is recorded) s o  t h a t  t h e i r  values 

have t o  be known, From the experimental band are  obt- 

ained (by graphical integrat ion)  the values o r  the 

momentx and x3 and the last  two are then 

subst i tuted in eqs.(4 b,c);  from eq.(4c) i s  then 

determined Xo; with Xo known f rom eq.(4b) i s  obt- 

ained c4 ; knowing A. and cx from eqe(4a) i s  detem- 

ined the value of the f i r s t  moment which is then sub- 

t rac ted  from the value ox' 

experimental curve, thus obtaining *he value of the 

frequency Woo of the zero electronic  t ransi t ion.  

- 
Iv$, M2 

M,, determined f rom the 

As an i l l u s t r a t i o n  of the procedure described ab- 

ove, l e t  us consider the spectrum of 3-acetamidophtal- 

ymid a t  T = 200 K published i n  /lo/. In the calculat-  
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STRUCTURELESS ELECTRONIC SPECTRA 1015 

i o n s  we use the value WO = 1050 an-’. The obtained 

r e su l t s  are shown i n  f irst  three columns o f  the fo l -  

lowing table : 

T A B U  

uo0/cm-” / 

271 22 271 05 

In the las t  column of  the table i s  displayed the 

value of W o o ,  obtained by the method of cros- 

sing of the fluorescence and absorption spectral  

bands. It i s  seen t h a t  the determined value f o r  W oo 

is  i n  good aggreement with tha t  obtained by the 

procedure outlined above. 

In  conclusion we note tha t  the techniques descr- 

ibed above for the extraction o f  spectroscopic i n f o r m  

at ion continuous electronic spectral. bands can be 

readi ly  generalized t o  spectra, where more than one 

high frequency vibration i s  involved. In such cases 

higher order momants w i l l  have t o  be introduced in  

the descriptiono 
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