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Abstract-The semi-empirical method due to Parker, Parr and Pople has been used to calculate n-electron 
properties of some conjugated molecules containing amino and hydroxy groups. Good agreement with 

experiment has been obtained for the UV spectra transition energies. 

METHOD AND PARAMETERS 

THE Pariser-Parr-Pople methodrp3 has been widely applied to the calculation of 
ground and excited state properties of hydrocarbons with x-electron systems and 
the study of molecules containing heteroatoms has received increasing attention.’ 
In this paper, we extend these calculations to encompass systems containing NH, 
and OH groups. 

We used a variable p modification of the P-P-P method, introduced by Nishimoto 
and Forster.6 It is known that the variable fi method is not sensitive to the assumed 
geometry. All rings were assigned regular polygonal structures with equal G-C bond 
lengths (1.4 A). The C-NH, and C-OH bond lengths were also assumed to be 
1.4 A. The 2-centre repulsion integrals for non-neighbour atoms were computed 
from this conventional geometry. 

The 2-centre core integrals, the bond lengths and the 2-centre repulsion integrals 
between neighbouring atoms were adjusted at every iteration by means of the 
relations : 

/?,, = - 051 pr” - 2.04 
- 0.18 p,. + 1.517 

for all CC bonds 
r = 

/I;: = - 053 p - 2.24 
r = - 0.18 p’,: + 1.451 

for the C-NH2 bonds 

/j:[ = - 0.56 p - 244 
- 018 p:: + 1.410 

for the C-OH bonds 
r pr = 

and the classical Nishimoto-Mataga approximation’ : 

We used the empirical parameter values given 
give the best agreement with experiment. 

6833 

in Table 1. which were found to 
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The configuration interaction was complete. 

TABLE 1. P ARAMErw SUMMARY 

Atom or group 1, (ev) Y,, (ev) 

C 11.16 11.13 

NH, 26.1 15.15 

OH 3290 21.53 

Molecule talc. AE expt. AE G&f expt. f 

Plleuol~ 

2+Diaminophenol 

ZCDiamiuopheuol 

Resorciuol’ 

2-Aminorcsorcinol 

CAminoresorcinol 

2+Diaminorcsorcinol 

4,6-Diaminoresorchol 

2,4,6-Triaminoresorciuol 

4.635 4.59 004 
5.175 5.82 @21 
6.729 6.70 091 
6.787 1.14 
4.289 4.12 009 
5.315 5.21 024 
6.251 6.01 1.21 
6.371 073 
4385 444 01 
5.290 5.21 003 
5.989 5.84 108 
6.142 106 
4.507 448 0.03 
5.634 563 009 
6.377 1.33 
6.383 @81 
4,385 4.51 OWl 
5.289 5.29 004 
6050 605 1.16 
6.107 1.01 
4.288 4,22 0.08 
5.331 5.41 0.24 
6.289 6.27 1.10 
6.341 089 
4.246 4.29 DO2 
5.171 5.27 DO2 
5.865 590 1.13 
5.957 106 
4.148 4Q3 @12 
5.165 5.33 025 
6.243 @72 
6.241 1.42 
4.153 4.25 004 
5.081 527 0.05 
5.826 5.83 104 
5.915 1.30 

002 
01 

005 
01 
0.6 

002 
015 
07 

02 

002 
01 
066 

004 
012 
0.65 

Oa3 
0.14 
07 

0.1 
01 

0.02 
014 
06 
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Semi-empirical SCF MO CI treatment of some aminophenols and aminoresorcinols 6837 

RESULTS 

The singlet transition energies and oscillator strengths are summarized in Table 2. 
The experimental electronic absorption spectra were taken from a recently published 
atlas.’ The experimental values uf the oscillator strengths were estimated from the 
absorption curves by means of the relation :I0 

j = 4.32 * 1O-9 E_ AV 

where A? is the band width (in cm- ‘) at half-maximum extinction. 
The discrepancies between computed and observed singlet transitions are probably 

due to important steric effects between OH and NH, groups which cause a deviation 
from coplanarity. 

The computed bond lengths are given in Table 3. Accurate experimental interatomic 
distances are lacking for most of the molecules discussed in this paper. 

The atomic x charge densities are listed in Table 4. As usual, the substitution 
reactions are assumed to occur most readily at C atoms having: 

(a) the maximum value uf x-electron density for electrophilic reactions. 
(b) the minimum value of x-electron density for nucleophilic. 

The computed x dipole moments are summarized in Table 5. For compounds 
containing 7c bond networks, it is usually convenient to dissect the total dipole 

TABLE 5. THE< ETICAL n DIPOLE MOMENTS 

Molecule 
Computed 

n dipole moments 
(Debyc units) 

Phenol 160 
2,4-Diaminophenc 1.35 
2$-Diaminophenc 2.62 
Resorcinol 1.56 
2-Aminoresorcino 2.60 
CAminoresorcino 1.37 
2,4-Diaminortsorc loI 2.19 
4,6-Diaminoresorc 101 0.26 
2,4,6-Triaminoresc cinol 1.26 

moment into c moment and a x moment. The 0 moment is estimated from analogous 
systems without x bonds, and the x moment is given as the difference between the 
experimental total dipole moment and the estimated 0 moment. 
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It may be seen that the computed values are of a reasonable order of magnitude, 
though probably somewhat too high. 

phenol resorcinol 

FIG. I Numbering scheme. 

The calculations were performed on an IBM 7044 computer. We used the program No. 71 distributed 
by the QCPE organization,’ 1 which was modified to include the variable /3 procedure. 
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