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DEFIBITION OF AROMATICITY BASING OX THE HARMOHIC OSCILLATQR MODDL 
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Among various attempts to "measure" aromatioity in pi-eleotron systems, 

those associated with aromatio stabilization energy are most populaC14. 

Usualy the appropriate index of aromaticity is calculated by use of quantum- 

-ohemical methods"' . Here, an attempt to find another way to these quanti- 

ties is suggested. 

Aocording to Julg5 aromaticity should be connected with averaging of 

the peripheral CC-bonds of the systems: 

8~1 --=z / 1 -drJ2 
n r d 

where d and d, are the averaged and r-th bond lengths, respeotively, and the 

summation runs over all n peripheral bonds. This treatment however does not 

differentiate benzenoid hydrocarbons, as shown in the Table. 

Our proposal is to apply the harmonic oscillator model to calculate 

stabilization /or destabilization/ energy due to the lengthening and/or 

shortening of the CC-bond lengths from the optimal value. 

The Model 

For a molecule of a 

written approximately in 

Et = Z 'CH 

where the first term can 

variation of lengths for 

conjugated hydrocarbon the total energy may be 

a following form: 
- 

+ 2% 
be assumed to be constant in respect of rather small 

these bonds. Thus all changes of energy depending 

on the ohanges of bond lengths should be described by second term in /2/. 

Therefore we use here a model based on the theory of the harmonic oscillator 

to determine that part of the energy which results from changes of the bond 
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lengths from the length aesumed to be optimal, namely that for equilibrium, 

I,* In euoh a manner one can obtain from /2/r 

Et - 0oLwt.t II BCC/X@/ + 
f A pr 
r-1 

/3/ 

where ECC la the energy of a CC bond at equilibrium length. The laet term in 

j3/ may be written, ueing harmonio oeoillator theory, approximately a8 

/4/ 

where c and k are foroe oonstante for “pure ” eingle and wpurea double CC- 

bonds, reapeotlvely /I.e. for ethane and ethylene of length6 e-l.524 9 and 

dll.334 a 6, respectively/. Xr ie length of r-th bond in 8. The first sum in 

/u desoribes that part of the energy oonneoted with extension of d to the 

length Xr/ extension energy/ whereas the eeoond EIWI deeoriber that part of 

the energy due to the oompreeeion of B to t4e length Xr. The presenoe of 

bonds In the moleoule for which Xr # X, reeults in non+wro a value of the 

sum /4/. Prom the minimisation of /4/ : 

d VBr = 0 

d xr 

one oan find a mean bond length fr for nhloh the energy of the moleoule ha8 

a minimum value. This 

S?- 

Prom the experimental 

length is expresrred a8 follows: 

2 
rrl 

Xr . 1 - 6-S + kd 
n 6+ k 

data it is well known that k a 7 26 , and therefore one 

oan readily find 

5 

and taking numerloal 

* B + 26 

3 

values for 8 and 

3 1.397 P 

d ae given formerly 6 we obtain 

and thie ie in excellent agreement with CC bond length in beneene i.e. in the 

molecule of highest aromatio character. One oan easily draw the conclusion 

therefore that benzene is so aromatic beoauee its CC-bonds are of optimal 

length in respeot of the harmonio osoillator model of extension and compre- 
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ssion of bonds from the 

In oonnection with 

profitable to postulate 

equilibrium /Lee optimal/ length, being dust 1.397 % 

these results and oonolusione It is reasonable and 
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and index of aromatloity based upon the expreealon: 

HOMAd = 1 
I 

+ g, /x, - l.397/2 /5/ 

where aB98.89 if the following oonditions are fullfilled: HOHAd= for the 

Kekule struoture of bensene, and HOMAd= for benzene, n is the total number 

of CC-bonds in moleoule. 

Thus the aromatlolty index HOMAd /5/ is nothing other than a numerloal 

funotion of the excess of energy resulting from the deformation of bond 

lengths Xr from the optimal value X, = 1.397 II. 

paking into oonsideration the known relation betreen oaioulated bond 

orders and bond lengths one can easily define an Index of aromatiolty taking 

into aooount only oalculated bond orders p,,: 

re 
Fcr many oases application of /6/ oan be very useful1 beoause of look of ex- 

perimental data for X,-Both HMO and SCF bond orders oan be used in formula 

/6/. 

dDD~iOatiOtl& 

To test the validity of this approaoh the Table oontains varloua aro- 

Bable. Aromatiolty lndloes for rome hydrooarbons. 
ComPOrrnd IiCuAexp S/ d HwP 

SC' '1 HCMAF AS blo/ RBPB’ ” Aerp ‘I 
,P 

Bensene I*000 1.000 I.000 I,00 1.000 1.000 
Baphthalene 

2;:: 00% 
0.969 0.70 0.042 0.936 

Anthraoene 0.959 0.55 0.717 0.950 
Tetraoene 0:864 0186s 0.955 0.636 0.912 
Phenanthrene 0.928 0.914 0.961 0.66 0.837 0.910 
Chrysene 
Pyrene :% 

0.903 0.957 0.62 

Trlphenylene 01938 00%; 
0:889 

:;z: 
0:953 

z3 
Perylene 0:53 
Cyoloootatetraene 

z:&;y 
12/ -0.72 

Asuelene 0.641 0.969 0.30 0.353 
Pentalene 0.628 0.960 -0.22 -0.270 
Hexatrlene 0.624 0.881 0.00 -0.036 
Fulvene 0.622 0.910 -0.22 -0.031 
----w -----p -I__ 
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matioity lndloe~~ bosod upon the stabilltation energlea. 

One oan readily find almoet full agreement among the data oonsidered, 

despite the varloua raye in rhioh it wan oaloulated. 

It Beems worthwile to point out that thle approaoh too is based on the 

stabllisation energiee, llko other lndioes in Fable, but it ie'quite inde- 

pendent /in prinoiple/ of quantum ohemioal model& The application of this 

Index to interpret the aromatioity of a large group of pl-eleotron oompounde 

le in preparation. 
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