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Figure 1. Extraction from fig leaves
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Table 1. Range of variables used in modeling

Variable Range
Temperature (° C) 20-60
Time (min) 15-45
Stirrer (rpm) 100 - 400
pH 4-10
Mean Particle Size (nm) 25-214
PDI 0.189 - 0.986
Zeta Potential (mV) 10.1-20.1
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Table 2. The design of the experiment has been carried out and the results related to each of the independent

variables along with the results predicted by the model

Parameters - Responses -
Experimental Predicted
Mean
. . Mean Zeta . Zeta
Temperature T|r_ne Stirrer pH Particle Size PDI Potential Par'tlcle PDI Potential

©) (min) (rpm) (nm) (mv) (Snlrie) (mV)
20 15 100 4 195 0.978 10.6 193 0.974 11.3
20 15 100 7 131 0.981 11.6 133 0.98 12.5
20 15 100 10 214 0.986 10.1 210 0.981 11
20 15 250 4 162 0.798 11 162 0.799 11.7
20 15 250 7 118 0.791 12.6 119 0.788 13.9
20 15 250 10 184 0.789 12.4 183 0.784 12.9
20 15 400 4 154 0.532 13.9 155 0.533 14.9
20 15 400 7 106 0.538 15.1 105 0.531 16.9
20 15 400 10 173 0.53 14.4 170 0.529 15.3
20 30 100 4 175 0.91 12.9 169 0.916 13.9
20 30 100 7 116 0.916 134 115 0.919 15
20 30 100 10 194 0.918 13.1 191 0.919 14.8
20 30 250 4 142 0.765 14.1 142 0.764 15.9
20 30 250 7 101 0.761 15.9 103 0.763 16.4
20 30 250 10 165 0.763 13.5 169 0.766 14.9
20 30 400 4 141 0.521 14.1 136 0.523 15.5
20 30 400 7 82 0.522 16.2 83 0.529 17.9
20 30 400 10 157 0.526 13.5 156 0.524 15.6
20 45 100 4 163 0.956 134 162 0.957 14.8
20 45 100 7 105 0.945 14.1 103 0.946 15.9
20 45 100 10 179 0.944 12.1 176 0.943 13.8
20 45 250 4 129 0.781 12.4 126 0.783 14
20 45 250 7 95 0.788 16.4 91 0.786 17.1
20 45 250 10 151 0.798 13.6 151 0.794 15
20 45 400 4 132 0.565 14.6 132 0.561 15.9
20 45 400 7 72 0.566 17.2 71 0.56 18.4
20 45 400 10 142 0.564 14.4 142 0.563 15.8
40 15 100 4 113 0.512 14.9 113 0.513 16.5
40 15 100 7 58 0.519 18.1 53 0.518 19.4
40 15 100 10 158 0.518 13.7 155 0.518 14.4
40 15 250 4 111 0.351 12.9 109 0.353 134
40 15 250 7 48 0.359 18.4 49 0.355 19.9
40 15 250 10 134 0.355 15.5 136 0.354 16.6
40 15 400 4 101 0.201 15.3 100 0.204 16.8
40 15 400 7 44 0.2 19.7 47 0.203 21.1
40 15 400 10 113 0.206 16.1 114 0.209 17.8
40 30 100 4 102 0.498 15.5 107 0.496 16.6
40 30 100 7 37 0.492 19.1 36 0.491 20.5
40 30 100 10 145 0.499 14.6 149 0.498 16.1
40 30 250 4 98 0.345 14.7 94 0.345 15.8
40 30 250 7 31 0.349 18.5 35 0.347 20.1
40 30 250 10 118 0.351 15.1 126 0.354 17
40 30 400 4 83 0.195 15.6 84 0.194 16.3




40 30 400 7 26 0.192 19.9 23 0.188 20.8
40 30 400 10 102 0.192 17.1 109 0.193 18.8
40 45 100 4 115 0.515 16.9 114 0.514 17.7
40 45 100 7 58 0.519 18.6 54 0.517 19.8
40 45 100 10 162 0.51 14.5 164 0.513 15.8
40 45 250 4 106 0.495 14.8 109 0.496 15.9
40 45 250 7 49 0.491 17.9 48 0.494 18.7
40 45 250 10 131 0.492 16.2 133 0.492 17.8
40 45 400 4 99 0.231 17.2 95 0.234 19.1
40 45 400 7 34 0.238 18.9 33 0.237 19.7
40 45 400 10 109 0.231 16.9 108 0.234 17.3
60 15 100 4 109 0.519 15.9 109 0.517 16.7
60 15 100 7 42 0.522 17.8 46 0.524 18.8
60 15 100 10 147 0.518 15.2 145 0.519 17

60 15 250 4 103 0.499 16.9 106 0.496 17.5
60 15 250 7 38 0.498 17.9 37 0.499 18.7
60 15 250 10 123 0.496 16.3 120 0.494 17.5
60 15 400 4 87 0.238 17.1 88 0.236 19

60 15 400 7 35 0.234 19.3 33 0.233 20.8
60 15 400 10 104 0.238 16.8 103 0.236 18.1
60 30 100 4 117 0.564 15.9 117 0.566 16.6
60 30 100 7 61 0.566 17.6 63 0.569 18.4
60 30 100 10 161 0.569 14.6 164 0.57 15.3
60 30 250 4 104 0.512 15.3 105 0.511 16.9
60 30 250 7 52 0.519 17.3 53 0.518 19

60 30 250 10 133 0.516 15.1 133 0.517 17

60 30 400 4 100 0.298 16.1 99 0.296 17.9
60 30 400 7 37 0.297 19.2 39 0.299 20.8
60 30 400 10 109 0.296 15.9 108 0.299 16.7
60 45 100 4 141 0.599 14.8 134 0.596 15.5
60 45 100 7 82 0.597 15.8 83 0.597 16.4
60 45 100 10 173 0.593 13.9 176 0.596 14.7
60 45 250 4 115 0.535 154 114 0.534 16.1
60 45 250 7 63 0.534 16.4 64 0.536 17.9
60 45 250 10 141 0.555 15.1 148 0.554 16.8
60 45 400 4 109 0.305 155 109 0.304 16.5
60 45 400 7 52 0.307 19 54 0.306 20.4
60 45 400 10 120 0.31 15.3 121 0.309 16.6
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Figure 2. Figure 2. Changes of dependent variables based on selected independent variables a) Average
particle size b) PDI ¢) Zeta potential
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Figure 3. The final optimization resulting from the experimental design using the factorial method
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Figure 4. Properties of silver nanoparticles synthesized at the optimal point a) Average particle size b) Zeta
potential
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Table 3. MRE values obtained for the ANNS trained with different number of neurons.

Number of neurons Target variable

Mean Particle Size PDI Zeta Potential
2 15.05 5.62 6.50
3 5.83 4.22 3.71
4 4.23 2.00 3.71
5 4.06 1.73 2.74
6 3.83 1.08 2.89
7 3.28 0.51 2.84
8 2.67 0.83 2.76
9 1.99 0.60
10 2.06 0.99
11 2.34
12 2.37
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Table 4. Parameters of the model to predict Mean Particle Size
Neuron Wji b; b,=1.4985
T t S pH Wi
1 -3.955 -2.615 -2.890 0.032 7.049 0.051
2 3.845 3.731 -1.473 0.764 -5.866 0.071
3 3.095 0.628 -3.820 4.115 -1.470 -0.043
4 -0.904 0.289 -1.982 1.930 1.247 -0.137
5 -3.195 -3.379 -1.006 0.110 5.207 -0.130
6 -3.758 -0.052 -0.299 1.174 0.374 0.251
7 0.381 0.339 0.551 3.256 -1.168 -0.356
8 0.145 -0.230 -0.338 1.877 -2.043 0.938
9 -0.3314 -1.2156 -4.4418 5.5271 1.9893 0.0938
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Table 5. Parameters of the model to predict PDI

Neuron Wji bj bk:0.6899
T t S pH ij

1 0.272 0.905 5.723 -0.012 -7.00899 -0.382

2 -1.338 5.067 -0.194 -0.006 -1.68433 0.075

3 -4.215 -2.614 1.343 0.053 3.442908 -0.146

4 -3.903 4.040 5.254 -0.033 -0.37243 -0.091

5 -0.189 1.586 -3.938 -0.309 0.726407 -0.051

6 -3.146 -1.186 -1.168 -0.015 0.973791 0.497

7 6.825 -2.319 -0.251 -0.034 1.668068 -0.259
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Table 6. Parameters of the model to predict Zeta Potential

Neuron Wji bj bk:-0.8383
T t S pH Wi

1 1.216 2.636 0.785 0.820 0.431938 0.488

2 -1.476 -0.352 -0.114 0.403 1.489967 0.816

3 -0.375 0.285 1.287 1.270 -1.71071 0.549

4 1.867 0.244 0.226 3.682 -1.59229 0.450

5 0.640 0.017 -0.224 -0.940 0.590166 1.651
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Figure 6. Comparison between the experimental and predicted data of ANN related to the validation data set.
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Table 7. Comparison of MRE (%) values obtained by ANN and Factorial

Target Model MRE (%)

Mean Particle Size ANN 1.99
Factorial 2.43

PDI ANN 0.51
Factorial 0.47

Zeta Potential ANN 2.74
Factorial 8.05
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Abstract

In this research, neural network and factorial methods were compared for the green synthesis of
silver nanoparticles using fig leaf extract. The examined independent variables included
temperature, time, stirrer speed, and pH, each assessed at three distinct levels. The experimental
design employed the factorial method. The responses analyzed encompassed average particle
size, dispersity index, and zeta potential. The results indicated that the smallest average size of
silver nanoparticles (25 nm), alongside the lowest dispersion index (0.189) and the highest zeta
potential (20.1 mV), was attained at a temperature of 40 °C, a synthesis time of 30 minutes, a
stirring speed of 400 rpm, and neutral pH (7). Furthermore, a neural network was utilized to
predict the three dependent variables based on the independent variables. The results of the
neural network modeling demonstrated high accuracy in predicting the target variables, with
average relative error (MRE) values for mean particle size, dispersion index, and zeta potential
being 1.99, 0.51, and 74.2, respectively. In contrast, the factorial method yielded MRE values of
2.43, 0.47, and 8.05, highlighting a significant improvement in the prediction of zeta potential
and a relative enhancement in the prediction of average particle size. Among the three considered
outputs, the accuracy of the ANNSs for estimating the average particle size and especially the zeta
potential was better than the factorial model. These results of neural network modeling provide
great importance in optimizing nanoparticle synthesis processes and facilitating the design of
repeated experiments, which can lead to the development of more stable and efficient methods in
nanotechnology.

Keywords: Fig leaf extract, Green synthesis, Neural network, Silver nanoparticles.



