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®1 FUREHSEFEBIMNIKE NaCl, NaOH 1 PEA MG KM R1E/ %
Table 1 The sensitivity and specificity of NaCl, NaOH and PEA for test

sets obtained by supervised classification methods/ %

Model NaCl NaOH PEA Overall
SENS SPEC SENS SPEC SENS SPEC SENS SPEC
LDA 100 83.3 86.7 100 100 100 95. 6 94. 4
Sigmoid SVM 97.8 87.3 89. 1 98. 1 100 97. 8 95. 6 94. 4
RBF SVM 98.3 87.9 89. 4 99. 1 100 98. 4 95. 9 95. 1
RBF ANN 98.7 87.6 89.1 99.5 99.5 98.9 95. 8 95.3
BP ANN 100 90.5 90. 8 100 100 100 96. 9 96. 8
ABC BP-ANN 100 97.8 98.7 100 100 100 99. 6 99. 3
¥ RBF-SVM, BP-ANN #1 ABC-BP-ANN = fift 432 J5 1 o
B TR A 5026 . B 7 4t T = R0 40 07 Xt 70 4138 L 9
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mol s L7 F— 40%mol « L™ fUREAR BIR 2K 30% 8
mol « L', B Ah—4~ 40%mol + L™ (O REA B IR 402K 50% classNG 9
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mol « L™, [ 7(b) 75 g il BP-ANN Jy 45 31 1) 43 545 3 é é 0
A4 B4 10 %mol « L AR ABEIR 432 0% mol « L' T, W Wy By Ty T R
HHA 20 mol « L™ [FEARBLIRFHEN 30%mol « L7 5 F B7 =Z=MERESRFEBINESYIRER
10 (a): RBF-SVM; (b): BP ANN; (¢): ABC BP ANN;
class_1 o @o 0 0 0 07 9 1. 0%mol« L7715 2, 10%mol « L™ 1; 3. 20%mol « L1
class 2 S 0 0 0 0 o | 8 4:30%mol « L '; 5. 40%mol « L', 6: 50%mol « L ';
- 7 7: 60%mol « L7}
class 3 o 6 Fig. 7 Classification results of the mixture obtained
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The sensitivity and specificity of the mixture for test sets obtained
by three supervised classification methods
Specics SENS/ % SPEC/ %
RBF SVM BP ANN ABC BP-ANN RBF SVM BP ANN ABC BP-ANN
0% 100 100 100 91.2 91.2 91.2
10% 74.4 81.7 87.5 77.1 83.4 86.9
20% 73.7 82. 4 92.6 81.6 86.9 90. 2
30% 100 100 100 94. 6 94. 6 94. 6
40% 79.1 81.5 87.2 80. 4 84.3 87.6
50 % 100 100 100 82.1 82.7 85. 2
60% 82.8 90. 4 94. 3 87.2 89. 7 94. 8
ANN JLFAS 7] B9 A7 W B m9 85 20RO % W] LA s
3 &4 #® ABC-BP-ANN BEUH Jr o A 2K #5 T 43 2% SO 1 A 45

R4 NaCl, NaOH, PEA FIiEA W0 550 v] Wk . M
190~400 nm 5 P39 WO BE AR AVE S di A8 5 I A
B GR B Ty ik, X HRE SRR 2R AT T AR, Bk A
PLS 423 NaCl, NaOH, PEA FliE & ¥ 246 1% 10 842
FA5 B 0 = AR N e A S i, SR 5 g i DA, Sig-
moid SVM, RBEF-SVM, RBE-ANN, BP-ANN fI ABC-BP-
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Species Identification of NaCl, NaOH and p-Phenylethylamine Based on
Ultraviolet Spectrophotometry and Supervised Pattern Recognition
Technology

TONG Ang-xin, TANG Xiao-jun® , ZHANG Feng, WANG Bin

State Key Laboratory of Electrical Insulation and Power Equipment, Xi’an Jiaotong University, Xi’an 710049, China

Abstract p-phenylethylamine(PEA) is a very important chemical that intermediates raw materials. During the synthetic process
of PEA, the final product usually contains NaCl, NaOH and PEA. Therefore, it is of great significance for the synthesis and
qualitative measurement of PEA to identify the species of NaCl, NaOH, PEA and the mixture. A rapid method for the
identification of NaCl, NaOH, PEA and mixtures was established by UV spectroscopy. Therefore, the absorption spectra of
NaCl, NaOH. PEA and the mixture were measured by UV spectroscopy in the interval 190~400 nm. Firstly, the PLLS method
was used to extract the principal components of the UV spectrum, and a few principal components were used to replace the
original variables to reduce the complexity of the model. PLS was used to extract the distribution of score vector values of NaCl,
NaOH and PEA in the space of the first three principal components. The accumulative contribution rates of the first three
principal components of NaCl, NaOH and PEA were 96. 64% ., 99.44% and 99. 95% , respectively. Therefore, the first three
principal components of NaCl, NaOH and PEA contain most of the spectral information. Secondly, three principal components
were used as input variables to identify the species of NaCl, NaOH and PEA by using LDA, Sigmoid SVM, RBF-SVM, RBF-
ANN, BP-ANN and Artificial Bee Colony (ABC) combined with BP-ANN (ABC-BP-ANN), and the overall sensitivity were
95.6%, 95.6%, 95.9% ., 95.8%, 96.9% and 99.6%, respectively. Since the characteristic absorption peaks of NaCl and
NaOH are very similar, the score vectors of the principal component would overlap each other, which led to misjudgment for the
species identification of NaCl and NaOH. By comparing the results of six classification methods, it is known that ABC-BP-ANN
is the best, BP-ANN is the second, RBF-SVM and RBF-ANN are similar, but slightly worse than BP-ANN, LDA and
Sigmoid-SVM are the worst. Finally, the mixtures of seven different mole fractions were prepared which ranged from 0% m -+
m ! to60% m e+ m '(The molar fraction of the mixture is the percentage of PEA in the mixture), then RBF-SVM, BP-ANN
and ABC-BP-ANN are used to identify the species of the mixture. From the results of sensitivity and specificity, it can be
concluded that the classification result of ABC-BP-ANN is the best. BP ~ANN is the second, RBF-SVM is the worst, and the
results of the mixtures are consistent with those of the single component. The results indicated that UV spectroscopy combined
with ABC-BP-ANN pattern recognition technology could successfully identify the species of NaCl, NaOH, PEA and the
mixture. This method can be used as a simple, rapid and reliable method for the species identification of NaCl, NaOH, PEA and

the mixture, and it can also provide theoretical basis and technical support for the synthesis and quality control of PEA.

Keywords p-phenylethylamine; UV spectroscopy; Artificial Bee Colony combined with BP-ANN; Sensitivity; Species identifi-

cation of the mixture
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