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Abstract :

In this message, we conducted a theoretical study to calculate several physical prop-
erties of various a number of azo dyes. The study included finding two types of variables:
one type is intensive, which includes charges, and the other type is energetic, which in-
cludes Van der Waals forces, dipoles, higher occupied molecular orbital (HOMO), lower
unoccupied molecular orbital (LOMO), as well as the chemical potential (), the sphericity
electrophilicity index (w), and hardness (). The aim was to identify the factors affecting
the adsorption process of these dyes onto activated carbon surfaces, including the theoret-
ically determined Freundlich constant after studying it practically. The physical properties
of the azo dyes under study were calculated using different methods, including the Austin
Model 1 (AM1), Parameter Model 3 (PM3), Density Functional Theory (DFT), and Har-
tree-Fock (HF) method to find the best calculation methods via correlation coefficients.
The correlation coefficient values relating the theoretically calculated physical properties
to the Freundlich constant were good, with the best correlation coefficient value being
(0.996 = R2), which was obtained using the Density Functional Theory method; therefore,
it can be considered the best method. This indicates the potential for using such studies.

Keywords: AM1,PM3,HF,Azo Dyes, Theoretical Calculations.
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Dyes | Stretch | Bend Stretch- Torsion Non-1,4 1,4 VDW | Dipole/Dipole Total Energy
Bend VDW Kcal/mol
H1 0.697 |16.848 | 0.005 -11.413 -1.570 8.043 0.401 13.011
H2 0.763 | 17.581 | -0.030 -11.313 -2.252 6.842 0.676 12.266
H3 0974 [17.276 | 0.019 -20.200 -1.644 11.143 1.692 9.259
H4 0.671 |17.854| -0.036 -13.104 -5.260 6.850 -0.603 6.371
HS5 0.756 |[16.814| -0.013 -13.375 -2.042 7.329 0.978 10.448
Ho 0.814 [17.274| 0.012 | -13.9286 -1.594 8.224 2.847 13.648
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Dyes LUMO (ev) | HOMO (ev) | LUMO- HOMO n n w
H1 2,555 -3.155 0.600 0.300 -2.855 13.585
H2 -2.495 3.115 0.620 0.310 -2.805 12.690
H3 2.570 -4.436 1.866 0.933 -3.503 6.576
H4 2.659 2.981 0.322 0.161 -2.820 24.697
H5 2.682 -3.366 0.684 0.342 -3.024 13.369
H6 2911 -3.225 0314 0.157 -3.068 29.977
H7 -2.886 -3.525 0.639 0.320 -3.210 16.080
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Dyes | LUMO (ev) | HOMO (ev) | LUMO- HOMO n n W
H1 2.567 -3.278 0.711 0.355 2.922 12.025
H2 -2.543 3213 0.670 0.335 2.878 12.362
H3 -2.598 -4.120 1.522 0.761 -3.359 7.413
H4 2.677 -2.995 0.318 0.159 -2.836 25.292
H5 -2.690 -3.130 0.440 0.220 2910 19.245
H6 -2.989 -3.345 0.356 0.178 -3.167 28.173
H7 -2.898 -3.465 0.567 0.2835 -3.181 17.846
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Dyes LUMO (ev) HOMO (ev) | LUMO- HOMO 1 n W
H1 -2.473 -3.510 1.037 0.518 -2.991 8.628
H2 -2.455 -3.335 0.880 0.440 -2.895 9.527
H3 -2.710 -4.562 1.852 0.926 -3.636 8.134
H4 -2.318 -3.250 0.932 0.466 -2.784 8.310
HS -2.873 -3.500 0.627 0.313 -3.186 16.187
Hé -2.600 -3.000 0.400 0.200 -2.800 19.600
H7 -3.051 -3.279 0.228 0.114 -3.165 43.922
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Dyes | LUMO (ev) | HOMO (ev) | LUMO- HOMO n n w
H1 2.821 -3.987 1.166 0.583 -3.404 9.929
H2 2.674 -3.264 0.590 0.295 -2.969 14.930
H3 -2.934 -4.876 1.942 0.971 -3.905 7.849
H4 -2.499 -2.960 0.461 0.230 -2.729 16.152
H5 -3.197 -3.430 0.233 0.116 3313 47.074
H6 2.198 -2.665 0.467 0.233 2431 12.652
H7 -3.119 -3.567 0.448 0.224 -3.343 24.940
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Dyes 3l Adaud) g g sty ABLS)
. N(15) -0.0158 5.0158
N(16) 20.0913 5.0913
. N(15) 20.0288 5.0288
N(16) -0.0642 5.0642
H3 N(15) -0.0145 5.0145
N(16) -0.0468 5.0468
Ha N(15) -0.0082 5.0082
N(16) 20.0962 5.0962
e N(15) 20.0169 5.0169
N(16) 20.0744 5.0744
e N(15) 20,0113 5.0113
N(16) 20.1028 5.1028
7 N(27) -0.0312 5.0312
N(12) -0.0848 5.0848
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.fﬁﬂ|3bﬁPM33@,¥W3\'ﬂbﬂ|.&§QM

Dyes 5 Ladd) A g isty) ABLSY)
. N(15) -0.0163 5.0572
N(16) -0.0970 5.0968
0 N(15) -0.0304 5.0349
N(16) -0.0689 5.0153
03 N(15) -0.0163 5.0281
N(16) -0.0441 5.0486
» N(15) -0.0067 5.0750
N(16) -0.0902 5.0091
15 N(15) -0.0262 5.0230
N(16) -0.0691 5.0672
He N(15) -0.0109 5.0690
N(16) -0.1346 5.0725
- N(27) -0.0383 5.0798
N(12) -0.0401 5.0872
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o N(15) 20398 5.398
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. N(15) 20.406 5.406
N(16) 20.397 5.397
N(15) 20383 5.383
H3
N(16) 20423 5.423
N(15) 20.390 5.39
H4
N(16) 20428 5.428
s N(15) 20393 5.393
N(16) -0.405 5.405
e N(15) 20393 5.393
N(16) 20443 5.443
NQ27) -0.406 5.406
H7 N(12) -0.435 5.435
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Dyes 3)33\ PEARA(] 3\,,\5‘9}'\55‘1\ 431y
H1 N(15) -0.412 5.508
N(16) -0.407 5.488
mn N(15) -0.400 5.476
N(16) -0.393 5.470
N(15) -0.380 5.362
H3 N(16) -0.427 5.403
N(15) -0.396 5.398
H4 N(16) -0.431 5.402
H5 N(15) -0.399 5.391
N(16) -0.416 5.411
He N(15) -0.390 5.515
N(16) -0.436 5.489
N(27) -0.417 5.470
H7 N(12) -0.423 5.456
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