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Charge of carbon XX_
ol

Subst. (CCNN)
Unsubst. (CCNN)

X=H.O0H,.NO; CH;s
Ortho . meta . para

Lk 4y guaal) phenyl-azo-B-naphthol clagea (1) Jadl

Agadlpa
Cilagrall 43 4 halls 4 guaal) 4iljadl) ciliall (1) Jgaad)
Substituent S.E. Charge (C)
Ortho Meta Para Ortho Meta Para
H 7.256 7.256 7.256 | -0.07911 | -0.1438 | -0.1120
NO, 105.878 | 103.965 | 102.870 | -0.0919 | -0.1416 | -0.1247
OH 12,750 | 11.858 9.849 0.1420 | 0.0686 | 0.0978
CH, 8.745 8.214 7.891 | -0.0123 | -0.0816 | -0.0521
Substituent SE. Charge (N)
L) o dagal 2 Gl o A gaal)
Ortho Meta Para Ortho Meta Para
H -0.0601 | -0.0601 | -0.0601 | -0.039 -0.039 | -0.039
NO, -0.0455 | -0.0566 | -0.0576 | -0.0293 | -0.0401 | -0.0586
OH -0.0769 | -0.0768 | -0.0772 | -0.0613 | -0.0428 | -0.0738
CH3 -0.0746 | -0.0721 | -0.0730 | -0.0495 | -0.0472 | -0.0398
Substituent lon .pot (eV) LUMO (eV).
Ortho Meta Para Ortho Meta Para
H 8.440 8.440 8.440 -0.710 -0.710 | -0.710
NO, 8.650 8.725 8.645 -1.176 -1.263 | -1.524
OH 8.495 8.501 8.379 -0.848 -0.981 | -0.820
CH3 8.462 8.613 8.129 -0.839 -0.823 | -0.842
Substituents Deviation form the plane
Ortho Meta Para
H 0 0 0
NO, 1.423 1.228 0.111
OH 1.081 0.989 0.981
CH3 0.329 0.328 0.320
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Substituted | (K)L/mole

H 19.99
0-OH 5.13
m-OH 6.07
p-OH 5.22
0-NO, 12.27
m-NO, 16.74
p-NO, 13.67
0-CHs3 12.82
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Subst. S.E. N=N | C-N-N-C | LUMO | lon.pot.
Kcal/mole | (A" ©) (eV) (eV)
H 7.256 1.229 179.4 -0.7106 | 8.440
0-OH 12.750 1.230 179.5 -0.848 8.490
m-OH 11.858 1.230 179.3 -0.981 8.501
p-OH 9.849 1.229 178.96 -0.820 8.379
0-NO, 105.878 | 1.228 178.65 -1.176 8.650
m-NO, | 103.965 | 1.229 179.17 -1.265 8.725
p-NO, 102.870 | 1.230 179.86 -1.524 8.645
0-CH,4 8.745 1.230 | 179.76 -0.839 | 8.462
phenyl-azo-B-nophthol w4 ciliagrall dulpal lial) ( dasl) (i) Jlaili(R) BLEY) Jalaa ad (4) Jgaall
E g
o T | |2
« |u |3 |2 |« |2 |8 |2 |2
@ z |z |- 2 |E |g |©
O O 2 a
£ 15
@)
K 1.000
S.E 0.380 1.000
(-N=N-) 0.618 0.311 | 1.000
(C-N-N-C) 0.897** 0.565 0.860 | 1.000
I.P 0.390 0.937** | 0.343 | 0.505 1.000
LUMO -0.340 | -0.916** | -0.370 | -0.572 | -0.959* | 1.000
Charge(c) -0.508 -0.567 -0.529 | -0.537 | -0.653 | 0.620 | 1.000
Charge(N) un.subst. | 0.021 0576 | 0.104 | 0127 | 0509 | -0.347 | -0.307 | 1.000
Charge(N) subst 0.166 -0.157 -0.308 | -0.032 | -0.375 | 0.436 | 0.570 | -0.053 | 1.000

** Correlation is Significant at the 0.01 level (2-tailed)

Tguaall (5AY) il yaials dependent variable sass i
Independent variables e clyurie b Lay<h a5 Al
R) Sy Ll ey sl (e €1 o) iyt Ja0) 5 as
o)) Wl il e Joanll 2 o)) ) aliie J<i (Ao
A(K) OBV el dad Cloa( ol Calyas) dad Jil R J ded
Al Y aladl Llia (Kas Ayl sda dagm o
K= 7529.9 — 6114.04 (N=N) + 2.34 x10-2 (-CNNC) ...[R=0.971]
K= 11.103 -214 x10-2 (S.E) +3.003 x10-2(CNNC) [ R=0.910]
K=10.201 -2.038(charge C)+ 2.63x10-2(CNNC) [R=0.897]
K=15750 + 7.14 x10-2 (S.E) -1.279 (-N=N-) .. [ R=0.862]
K=26.727 -52.444(charge C)+388.985 (N-sub) ..[ R=0.750]
K=-198 +25.3(lon.pot) -7.2(LUMO) [ R=0.650]

K=6.186-32.494(charge C) -63.022 (N-un-sub.)
[R=0.526]
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i e 1l Jalgal) S0 alasinl Aol Y alee Gl
A 553 Ao AV Ll )W) Jalae dad Caaddtial a8y . o33y
syl Ladle Jyant) o ol LBl m8lsig + Ayl

s Al Y aleall
K=9.562 +4.29 X102 (S.E) ...ccceeeeen. [R=0.380]
K=2881-2835 (-N=N-) .........ceiinninnnnns [R=0.618]
K=10.3 + 2.69 X102 (CNNC) ................ [R =0.897]
K=-88 +11.6 (IP) .o, [R=0.390]
K=5.54-5.95 (LUMO) .............cccuei... [R=0.34]
K=19.90 -29.8 (charge) .............ccevennnn. [R=0.508]
K=12.0 +9.0 (charge N-un.sub.) .............. [ R=0.021]
K=15.9 + 95.8 (charge N-sub.) ................ [ R=0.166]
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K= 7589-3.549 (charge) -6162.2 (N=N) + 2.24 x10-
2(CNNC) ...[R=0.972]
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Theoretical study of the substituents effect on the physical properties and

adsorption equilibrium constant of phenyl-azo-p-naphthol compound
Ahmed S. Othman , Emad A. S. Al-Hyali , Haza sattar majeed

Abstract

The research included a theoretical study to estimate the effect of various substituents on the equilibrium
constant of Adsorption (K) of a number of azo dyes prepared from the reaction of beta-naphthol with a number
of aniline substituents (para-nitro aniline, meta-nitro aniline, ortho-nitro aniline, ortho - Hydroxy aniline, ortho-
methyl aniline).

The theoretical program Chem. office was used to calculate some values related to the geometrical dimensions of
the dyes under study as well as the values of the molecular energies, ionization potential, energy of the higher
occupied molecular orbital (HOMO), lowest unoccupied molecular orbital (LUMO) and the charges present on
the atoms of the dye molecule and studying the extent of their relationships. These values are correlated with the
equilibrium constant. The extent of their effect was investigated using the method of multi parametric regression
analysis. This analysis was carried out by employing the statistical program (SPSS). The results of the theoretical
study indicated that, the steric, inductive and resonance effects as well as the hydrogen bonds play an important
role in determining the adsorption efficiency and the values of adsorption equilibrium constants (K). These
effects are indicated by the good values of the correlation coefficient (R=0.970).
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