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1- Coding
2- Generation
3- Group Contribution Method
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1- Supervised learning
2- Unsupervised learning
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1- Performance learning
2- Performance
3- Mean square error
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1. Learning rate

2- Gradient descent algorithm

3- Error back propagation algorithm
4- Levenberg-Marquart

5- Bayesian regularization
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2 - Determination coefficient
3- Sum Square Regression
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1- Genetic Function Approximation

2- Tabu Search

3- Ant Colony Optimization

4- Honey-bee Matikg Optimization Algorithm
5- Radial basis function

6- Least Squares Support Vector Machines
7-Adaptive neuron-fuzzy inference system
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1-nonanol Experimental SR-ANN GA-ANN GCM-ANN

1 837.40 837.26 839.97 837.75
2 839.70 839.53 842.48 840.07
3 842.50 842.30 845.50 842.88
4 845.10 844.99 848.41 845.61
5 847.80 847.62 851.21 848.25
6 850.30 850.17 853.93 850.81
7 852.80 852.67 856.55 853.31
8 855.30 855.10 859.08 855.73
9 857.60 857.49 861.54 858.09
10 859.90 859.82 863.92 860.40
11 862.20 862.11 866.23 862.64
12 864.40 864.36 868.48 864.83
13 866.40 866.57 870.67 866.96
14 816.50 816.11 818.30 817.01
15 817.10 816.69 818.94 817.61
16 819.80 819.23 821.76 820.20
17 822.90 822.31 825.15 823.34
18 826.00 825.29 828.41 826.36
19 828.90 828.18 831.55 829.29
20 831.80 830.99 834.56 832.12
21 834.50 833.71 837.47 834.87
22 837.20 836.36 840.27 837.54
23 839.80 838.94 842.97 840.14
24 842.40 841.46 845.58 842.67
25 844.80 843.91 848.10 845.15
26 847.30 846.32 850.55 847.56
27 849.30 848.67 852.92 849.93
28 795.70 795.33 796.07 796.39
29 796.40 795.99 796.81 797.07
30 799.40 798.87 800.02 800.03
31 803.00 802.36 803.88 803.58
32 806.50 805.72 807.57 806.98
33 809.80 808.95 811.11 810.25
34 813.0 812.08 814.51 813.40
35 816.10 815.09 817.77 816.44
36 819.10 818.01 820.90 819.38
37 822.00 820.84 823.92 822.23
38 824.80 823.58 826.82 824.99
39 827.60 826.25 829.61 827.69
40 830.20 828.84 832.31 830.319
41 832.70 831.37 834.91 832.88
42 780.90 781.22 780.45 781.53
43 781.60 781.95 781.26 782.28
44 785.00 785.13 784.78 785.54

45 789.00 788.96 789.01 789.44
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46 792.90 792.63 793.05 793.16
47 796.50 796.16 796.91 796.72
48 799.90 799.55 800.61 800.14
49 803.30 802.81 804.16 803.43
50 806.60 805.96 807.55 806.60
51 809.70 809.00 810.81 809.65
52 812.80 811.94 813.95 812.61
53 815.70 814.78 816.96 815.48
54 818.60 817.54 819.86 818.27
>3 821.20 820.21 822.66 820.98
Dodecanoic Acid Experimental SR-ANN GA-ANN GA-ANN
1 855.74 835.76 849.35 854.05
2 856.36 836.49 849.96 854.95
3 857.93 838.10 851.32 856.93
4 859.4 839.67 852.66 858.88
5 861.22 841.61 854.30 861.26
6 862.27 842.76 855.27 862.66
7 848.38 829.07 842.34 846.62
8 849.13 829.84 842.98 847.54
9 850.7 831.53 844.40 849.58
10 852.24 833.18 845.79 851.59
11 854.05 835.21 847.50 854.07
12 855.18 836.41 848.51 855.53
13 841.16 822.29 835.21 839.24
14 841.91 823.09 835.88 840.18
15 843.49 824.86 837.37 842.27
16 845.10 826.60 838.82 844.34
17 847.11 828.73 840.61 846.88
18 848.29 829.99 841.66 848.39
19 833.51 815.36 827.95 831.96
20 834.34 816.21 828.66 832.91
21 835.95 818.08 830.21 835.03
22 837.63 819.91 831.73 837.13
23 839.74 822.15 833.60 839.73
24 840.97 823.47 834.70 841.28
Octyl Amine Experimental SR-ANN GA-ANN GCM-ANN
1 779.35 779.82 795.49 781.45
2 775.6 776.20 792.27 778.02
3 771.85 772.57 789.02 774.55
4 768.10 768.92 785.73 771.06
5 764.33 765.25 782.42 767.53
6 760.61 761.57 779.06 763.95
7 756.82 757.85 775.66 760.32
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number  Experimental SR-ANN GA-ANN GCM-ANN

1 846.1 846.3 846.41 846.6
2 848.6 849.0 849.01 849.1
3 851.1 851.6 851.5 851.6
4 862.7 863.8 862.9 863.0
5 818.7 818.2 818.1 819.4
6 819.3 818.8 818.7 819.9
7 798.0 797.5 796.5 798.9
8 798.7 798.2 797.2 799.6
9 801.7 801.2 800.3 802.4
10 834.5 834.8 833.9 834.7
11 783.6 783.4 781.3 784.3
12 784.3 784.2 782.0 785.1
13 861.3 863.1 861.2 860.8
14 863.4 865.3 863.3 863.0
15 811.4 811.8 812.5 811.2
16 846.1 846.7 845.5 845.7
17 789.7 788.9 790.4 789.7
18 790.4 789.6 791.1 790.5
19 778.7 777.6 778.9 778.5
20 783.0 781.9 783.0 782.7
21 787.1 785.9 786.9 786.8
22 808.4 803.5 803.6 808.3
23 824.5 823.0 822.0 824.4
25 793.6 787.5 788.1 793.8
26 825.7 824.8 825.0 825.9
27 846.4 846.4 849.7 845.9
28 849.0 848.9 852.6 848.5
29 830.1 829.6 832.6 829.8
30 833.0 832.2 835.7 832.6
31 811.1 810.5 811.9 811.0
32 814.2 813.4 815.3 814.1
33 786.4 787.5 785.4 786.4
34 790.4 791.1 789.6 790.3
35 866.3 866.5 865.2 867.0
36 871.3 871.5 871.0 872.2
37 875.8 876.6 877.9 876.5
38 884.8 885.0 887.2 884.8
39 865.7 864.7 865.7 866.4
40 873.4 872.9 873.2 874.1
41 841.8 841.8 839.2 842.1
42 844.4 844.6 841.8 844.7
43 817.3 816.6 813.9 817.5
44 820.4 819.9 817.1 820.5
45 793.9 793.2 789.4 793.9
46 797.6 797.1 793.2 797.4
48 805.4 806.6 806.5 805.6
49 774.0 774.7 775.8 772.7
51 778.7 779.7 780.6 777.6
52 779.6 780.7 781.6 778.6
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number Experimental SR-ANN GA-ANN GCM-ANN

53 786.4 788.4 788.7 786.0
54 787.2 789.3 789.6 786.9
55 758.3 761.2 762.1 758.1
56 759.3 762.3 763.1 759.1
57 818.7 818.3 820.4 818.5
58 870.9 871.9 876.7 870.1
59 811.3 810.1 812.2 811.4
60 861.3 861.7 866.7 860.7
61 865.5 865.7 870.9 864.9
62 921.2 921.7 922.4 921.1
63 927.4 927.6 928.4 927.5
64 966.6 967.0 964.6 966.3
65 903.8 903.6 905.9 903.7
66 791.6 791.3 797.3 791.6
67 792.4 792.1 797.9 792.3
68 767.2 766.6 772.7 767.0
69 771.3 770.6 775.7 771.0
70 800.2 800.4 798.8 800.4
71 803.7 803.9 801.4 803.9
72 758.8 758.6 762.7 758.3
73 842.7 841.0 840.6 841.5
74 848.6 847.3 847.0 847.8
75 813.4 814.6 814.6 814.4
76 825.3 826.1 825.8 825.9
77 721.3 720.1 722.4 720.7
78 733.2 732.6 734.1 732.3
79 876.9 878.4 876.6 878.6
80 800.4 803.5 804.8 803.7
81 780.2 788.1 787.0 789.0
82 854.3 852.3 851.0 853.5
&3 860.0 858.2 856.9 859.3
84 830.8 830.5 829.5 831.7
85 837.5 837.2 836.6 838.4
86 812.9 814.9 813.7 815.9
87 820.4 822.0 821.5 823.4
88 1053.4 1053.6 1053.1 1053.3
&9 1055.5 1055.8 1055.8 1055.4
90 1071.4 1071.4 1075.5 1070.7
91 1025.3 1024.6 1021.3 1024.6
92 1048.1 1047.8 1048.4 1047.8
93 1050.1 1049.8 1050.7 1049.8
94 1027.9 1027.3 1028.4 1028.3
95 1030.2 1029.5 1030.8 1030.5
96 1029.2 1029.9 1029.4 1029.7
97 1031.2 1032.1 1031.8 1031.8
98 1008.9 1009.0 1007.9 1008.7
99 1011.2 1011.4 1010.4 1010.9
100 982.6 982.8 982.4 982.5
101 985.3 985.6 985.2 985.1
102 995.5 995.8 995.7 994.8
103 961.4 961.4 962.7 961.3
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number Experimental SR-ANN GA-ANN GCM-ANN

104 964.5 964.6 965.9 964.4
105 827.4 826.1 827.9 827.5
106 828.8 827.5 829.5 829.1
107 877.4 875.4 878.1 880.8
108 781.9 783.2 777.7 782.5
109 865.1 864.4 866.4 865.8
110 871.4 870.5 872.5 873.1
111 887.3 888.1 885.0 887.9
112 893.0 893.9 890.9 893.6
113 859.7 859.4 857.2 859.3
114 866.7 866.6 864.2 866.3
115 843.6 843.9 842.3 844.2
116 851.1 851.4 849.8 851.6
117 888.6 886.6 891.5 890.4
118 894.1 892.8 897.4 895.2
119 875.7 874.3 877.3 876.4
120 881.8 880.4 883.5 882.6
121 841.6 842.4 842.9 841.9
122 787.0 785.6 784.2 787.0
123 799.2 798.5 797.4 799.6
124 772.6 772.0 771.2 771.6
125 804.3 804.8 802.9 803.6
126 808.5 809.1 807.1 807.5
127 795.8 797.9 797.6 796.1
128 799.2 801.1 801.2 799.4
129 995.2 994.6 994.5 994.6
130 983.3 983.5 982.1 982.9
131 983.8 983.9 982.6 983.4
132 977.1 977.6 976.4 976.9
133 981.9 982.1 981.8 981.7
134 958.3 957.0 959.3 959.1
135 978.2 978.0 974.6 977.5
136 948.7 948.1 949.9 949.4
137 949.6 949.0 950.6 950.3
138 938.3 938.6 940.5 939.2
139 938.8 939.1 940.8 939.7
140 954.0 955.9 949.4 953.7
141 958.4 959.9 951.9 956.8
142 950.5 951.5 944.2 949.1
143 920.2 919.4 923.2 919.4
144 911.2 909.9 915.5 910.2
145 911.4 910.2 915.7 910.5
146 944.9 945.1 948.1 944.1
147 917.0 916.8 916.1 916.6
148 908.4 908.6 907.4 907.6
149 909.9 910.1 909.1 909.4
150 912.4 912.5 911.9 912.2
151 903.9 904.4 903.2 903.4
152 927.0 927.4 927.7 929.0
153 931.1 930.6 931.5 932.4
154 923.6 923.0 923.5 924.9
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number Experimental SR-ANN GA-ANN GCM-ANN

155 928.4 926.2 927.3 928.2
156 891.7 892.0 891.5 890.9
157 891.9 892.2 891.8 891.2
158 911.5 910.6 911.9 910.9
159 903.3 903.4 903.9 902.1
160 903.5 903.6 904.2 902.4
161 895.4 896.7 896.4 893.9
162 902.5 903.4 903.3 902.7
163 906.5 906.8 906.9 906.9
164 853.9 851.1 853.0 852.3
165 848.8 847.0 847.9 847.7
166 839.5 838.4 838.9 838.0
167 850.2 850.5 854.3 849.7
168 847.9 848.1 851.9 847.7
169 840.3 840.9 844.5 841.0
170 766.1 766.2 761.3 764.8
171 771.3 771.6 766.7 770.7
172 705.4 705.2 703.0 706.7
173 714.5 714.5 712.3 715.2
174 770.2 770.9 768.7 770.6
175 774.7 775.2 773.0 774.5
176 721.0 721.8 722.6 722.1
177 727.5 728.3 729.1 728.9
178 654.5 652.5 654.8 651.1
179 666.1 664.0 666.3 662.6
180 732.3 730.6 733.3 732.3
181 737.4 735.4 738.2 736.1
182 776.0 776.4 775.2 775.5
183 781.6 781.7 780.7 781.5
184 680.1 681.2 679.3 681.8
185 759.4 759.9 759.8 759.6
186 768.5 767.7 770.6 768.5
187 777.7 776.4 774.7 778.0
188 789.3 788.1 788.4 789.6
189 786.3 786.1 787.4 786.8
190 796.1 795.7 798.9 796.3
191 713.2 717.6 707.9 709.7
192 732.2 734.9 728.1 730.3
193 789.3 789.6 785.9 789.3
194 764.1 763.8 763.9 764.7
196 794.1 794.9 792.5 793.9
197 771.5 772.5 773.5 771.6
198 776.5 777.4 778.0 776.4
199 733.9 734.2 739.0 734.5
200 740.8 741.3 745.7 741.3
201 807.7 807.9 808.1 808.4
202 811.9 811.9 812.3 812.9
203 799.4 799.5 800.4 799.9
204 803.7 803.5 804.6 804.5
205 786.7 787.3 788.5 787.1
206 791.2 791.5 792.9 791.9
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number Experimental SR-ANN GA-ANN GCM-ANN

207 764.6 765.5 766.4 764.3
208 770.0 770.6 771.6 769.6
209 811.8 812.7 810.4 810.9
210 824.0 824.5 822.5 824.6
211 827.8 828.1 826.1 828.8
212 816.2 816.2 814.8 816.4
213 820.1 819.7 818.4 820.8
214 786.2 787.4 786.2 785.8
215 791.1 792.1 790.9 790.3
216 741.9 741.7 741.7 743.5
217 749.3 749.6 749.2 751.3
218 948.8 948.7 948.8 949.0
219 979.3 978.5 978.2 978.9
220 932.6 934.1 932.2 933.1
221 1090.8 1091.3 1091.9 1091.2
222 773.0 772.7 780.7 774.7
223 780.9 782.1 790.5 777.5
224 694.1 694.3 705.9 693.8
225 747.9 748.4 751.1 747.8
226 739.9 739.7 743.0 739.4
227 768.6 766.9 768.9 770.3
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Abstract

A quantitative structure-property relationship (QSPR) approach was employed to predict
the density of associative fluids such as alcohols, primary and secondary amines and
carboxylic acids. Two different methods were used to generat the significant descriptors.
In the first method, a large number of descriptors was calculated using Dragon software
and the best calculated descriptors was selected from 18 classes of Dragon descriptors by
stepwise regression (SR) and genetic algorithm based on partial least square (GA-PLS)
methods. 8 descriptors with SR and 5 descriptors with GA-PLS methods were selected. In
the second method, the best descriptors are selected based on group contribution method.

After analyzing the chemical structures of all compounds in this work, 10 functionally
|
groups (-CHs, -CH,- , >CH-, >CH-OH, —?— OH , -COOH, -CH,-NH,, >CH-NH,, >NH)

were found useful. The selected descriptors with three feature selection methods and two
experimental descriptors (pressure and temperature) were used as input nodes for
constructing different artificial networks. 4 feed forward artificial neural networks were
designed by combination of Levenberg-Marquardt and Bayesian regularized (BR)
algorithms with logarithm-sigmoid and tangent-sigmoid transfer functions. After training
and optimization of the ANNs parameters such as, number of neurons in input and hidden
layers, and number of iteration (epoch), the performance of the models was investigated
by the test set. The results showed that the Levenberg-Marquart artificial neural network
with tangent-sigmoid transfer function and GCM based descriptors, may be simulated the
relationship between the structural descriptors and density of the desired molecules
accurately. The mean square errors (MSEs) and Absolute Avarage precent Deviation

(AADs) for the test set are 1.2432 and 0.0867%, respectively.

Keywords: quantitative structure—property relation (QSPR), artificial neural network

(ANN), Density, SR, associative fluids, group contribution method (GCM)
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