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CALCULATION OF SOME CHARACTERISTICS OF SUBSTITUTED BENZENES 

II. A Study of N i t r o b e n z e n e - T y p e  Molecu les  by the MO LCAO Method 

O. A. P o n o m a r e v  and A. G. Turove t s  

Invest iya  Vuz. F iz ika ,  No. 5, pp. 5--8, 1965 

Compounds of the C~HsXYiY ~ type have been examined, and the de- 

pendence of energy and wave functions on ay,  8XY, and BCX has 
been studied. Numerical calculations have been carried out and tables 

compiled. 

We shal l  examine  compounds of the type 

s 6 y$ 
~ / - - \ ~  / 

- x  

Z l  / 
where  the X /  group has an even number  of zr- 

\ Y~. 

e l ec t rons  d i s t r ibu ted  among  th ree  a toms.  NO~, COOH, 
e t c . ,  a r e  included he re .  

The objec t  of this paper  is to c l a r i fy  the behav io r  
of the ene rgy  s p e c t r u m  and the wave functions in r e -  
lat ion to the types of a toms S, Y1, and Y2, which we 
c h a r a c t e r i z e  by Coulomb and exchange in tegra l s .  

CALCULATION OF SUBSTITUTED BENZENES OF 

THE C6HsXY1Y 2 TYPE 

As indicated in [1], the MO LCAO p a r a m e t r i c  
method can be u s e d / o r  ca lcu la t ing  many ef fec ts  which 

play an impor tan t  pa r t  in quantum c h e m i s t r y ,  inc lud-  
ing the nonor thogonal i ty  of the a t o m i c  func t ions ,  ex -  
change in tegra l s  with nonadjacent  a toms ,  etc .  The 
ca lcu la t ions  given he re  t h e r e f o r e  a r e  of cons ide rab l e  
impor tance  for speed ing  up and s impl i fy ing  the use of 
q u a n t u m - c h e m i c a l  methods .  In our case  the equat ion 
which d e s c r i b e s  the behav io r  of the s y s t e m  a s s u m e s  
the fo rm 

{x ~' + (~,x + L.) x~ + (~x L. - -  2~b. - ,3i:x - -  5~-") x' - -  

- - l ~ r ~ / x  +5(<~-~ ~ , - ) ~ q x : ' + i ~ 0 ~ L  - 5~.,,-~,,-F-'+ 

-i 3~ "~ lB~.,x q- 47 ' ]  x :~ - t -  [3t73 ~,.,: 3r -i 4[B :~ (<,: -1- ~r ) l  x ! 

-i- 48..,-~}-;BI--8,84 ~}r } (xZ--~ "~) (x--St) = O. (3) 

The fol lowing p a r a m e t e r s  w e r e  used for c a l c u l a -  

t ing (3): 6 X = 1.4fi, while flCX, flX Y and 6y  were  
v a r i e d  r e s p e c t i v e l y  within the l imi t s  0.4/] to 1.5/3, 

0.7fl to 2fi, and - l f i  to lfl. A f t e r  so lv ing  the equa-  
t ion we obtained the p a r a m e t r i c  f ami ly  of  e n e r g i e s  

ei (flCX, 6y, flXy) and the wave functions Cqi (flCX, 
oct, 

6y, /3XY)" Values of e i and ~z_r[Qll ~- a r e  given in 
i 

Tables  1 and 2. 

DISCUSSION OF RESULTS AND THEIR UTILIZATION 

The behav io r  of the l eve l s  for  this c l a s s  of m o l e -  

cules  is m o r e  compl i ca t ed  than that for  tile mo lecu l e s  
cons ide r ed  in [1]; n e v e r t h e l e s s  s ince  the gene r a l  r e -  
gu la r i t i e s  noted the re  a r e  a l so  obse rved  he re ,  we 
shal l  not give a m o r e  de ta i led  desc r ip t ion  here .  As 
an example  of the use of the tables  for  ca lcu la t ing  
the m o l e c u l a r  c h a r a c t e r i s t i c s ,  we give the r e l e v a n t  
ca lcu la t ions  for n i t robenzene .  

Accord ing  to Peacock  [2], the values for 6N, 60,  

flCN and /?NO a r e  r e s p e c t i v e l y  1 .4 f l ,  0.8fl, 0.5/3, 0.54fi. 
In terpola t ing  the values  f rom the tables  we get,  d i s -  
r e g a r d i n g  s e l f - c o n s i s t e n c y ,  the fol lowing energy  
values  : 

9 

~,~ Hqq, c u' = ~ C,l. 
q'=l 

( I )  
', 2.65 ~,, ~ 1.96 ~$, ~ -" l .()t) ~, ~ -]- 0.99 ~., a ! 0.80 ~; 

~ - o . 4 9 ~ ,  ~- ] .ooi< .~.--.1.1o[t ~. -2o2~< 

The ene rgy  is d e t e r m i n e d  by so lv ing  the equat ions 

]/-/r162 -- ~r162 = 0, (2) 

where  

H,.~ : ]-/23 = H~, = H,~ = H~,; =/4,. = ~, 

Hxx = ~x, H o ' ,  = Mr, y~ = ~,, 

Hcx = ~c.,', /-Lu', = / - /xr ,  = ~xr. 

Int roducing the values  x = a - e, 6 X = a X - a and 
6y = cry - a and expanding de t e rminan t  (2), we get  

The ene rgy  values  obtained by Peacock,  a f t e r  c a r -  
ry ing  out the s e l f - c o n s i s t e n c y  p rocedu re ,  a r e  r e s p e c t -  
ively:  o~ + 2.6fi, a + 1.91/8, o~ + 1.34fl, o~ + 1.27/3, ct + 
+ 0.83fl,  a, - 0.73fl ,  oz - 1.02fl,  a - 1.20fl,  a - 1.72fl~ 

The ene rgy  d i f f e r e n c e s ,  although they a r e  not too 

l a rge ,  a r e  a r e s u l t  of changes in 6N, 5 0 fiCN and 
flNO on c a r r y i n g  out a s e l f - c o n s i s t e n t  solut ion,  which 
we did not do, and of the e f fec t  of d is tant  ne ighbors .  
A g r e e m e n t  with Peacock ' s  r e su l t s  will  be comple te  if 

these  effects  a r e  taken into account .  We shal l  devote 
a spec ia l  paper  to this p rob lem,  and hence will  not 
deal  with it in m o r e  deta i l  here .  The coeff ic ients  of the 
a tomic  functions obtained by both methods of c a l c u l a -  
tion a r e  a l so  c lo se  to each  other .  We think that  this 

approach  is a p r o m i s i n g  one, s ince  it al lows accu ra t e  

ca lcu la t ion  of the spec t r a  and wave functions of va r ious  
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T a b l e  2 

E l e c t r o n - D e n s i t y  D i s t r i b u t i o n  of N i t r o b e n z e n e - T y p e  S u b s t i t u t e d  

B e n z e n e s  

--I 
--1 
--1 
--1 

0 
0 
0 
1 

l 

1 
] 

~cx 

0.4 
1.5 
0,4 
1,5 
1,5 
0.4 
1.5 
0.4 
1.5 
0.4 
1.5 

0.7 

0.7 

2.0 

2.0 

0.7 

2,0 

2.0 

0.7 

0.7 

2,0 

2.0 

1 2 

1.00 0.99 I 

0.90 0.79 I 
0.82 0.98 
0.92 1.02 

0.93 1.03 

0.99 0.99 

0..97 1 00 
0.90 0.92 
0.91 0.87 
0.99 0.99 

I ,01 0.97 

0,97 
0,99 
1.02 

1.00 
1.00 

I .02 

1.00 

1, O0 
0.99 
I.(0 
1.0:) 

No. of atom 
4 5 6 7 

0.96 0,97 I 0.99 ,82 
1.08 0.99 0.79 .60 
1.08 1.02 0,98 .37 
1.02 1.00 1.02 .37 
1.01 1,00 1,03 1-43 
1.02 1,02 t 0.99 1.21 
I.O1 1.00 I 1.00 1.19 

I 

0.98 1.00 I 0.92 1,24 
I 

0.85 0.99 I 0.87 1.17 
I I 

1.00 1.00 0.99 I 1.07 
I 

0,97 1,03 0.97 [ 1.06 
I 

8 1 9  

1.12 I 1,12 
1.43 1,43 

1.30 1.30 

1.29 I 1.29 
1,28 I 1.28 
1.37 / 1.37 
1.43 / 1.43 
1.45 ] 1.45 

1.67 I 1.67 
1.46 / 1.46 

150 t 1.50 

m o l e c u l e s  w i t h  a c e r t a i n  s t r u c t u r e :  t he  o n l y  t i m e  

t a k e n  up  in  c a l c u l a t i o n  i s  t h a t  s p e n t  on  c h o o s i n g  the  

p a r a m e t e r s ,  w h e r e a s  s e v e r a l  d a y s  w e r e  p r e v i o u s l y  

r e q u i r e d  f o r  m a n u a l  c a l c u l a t i o n .  We c o n s i d e r  i t  e s -  

s e n t i a l  to c o m p i l e  s i m i l a r  t a b l e s  f o r  a l l  c l a s s e s  of 

m o l e c u l e s .  
In c o n c l u s i o n  the  a u t h o r s  wou ld  l ike  to  t h a n k  N. A. 

P r i l e z h a e v  a n d  V. I. D a n i l o v ,  who  h e l p e d  us  d a i l y  in 

c a r r y i n g  ou t  t h i s  w o r k .  
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