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Abstract A common strategy for mixture composition analysis based on Raman spectroscopy is to construct the
spectral database of pure substances and calculate the spectral similarity of the mixture to be identified and the pure
substances in the database. However, influenced of the performance of the measuring instrument and the mutual
interference of the components of the mixture, the spectrum of the substance contained in the mixture to be
identified will have different degrees of distortion compared with the corresponding pure substance spectrum in the
database, bringing great difficulties in component identification. To address this problem, a method to improve the
identification accuracy of components in mixtures using the spectral data of known mixtures is proposed herein. The
spectral peak information, including Raman shift and full width at half maximum, of the pure substance in the
database is used to study the correspondence of the spectral peaks of the known mixture to the specific substances of
the mixture. The spectral feature parameters of the pure substance, the known mixture, and the mixture to be
identified are constructed using the Raman shift of the spectral peak, the full width at half maximum, and the peak
intensity, respectively and the fuzzy membership function is used to calculate the spectral similarity between the
mixture to be identified, the pure substance, and the substances contained in known mixture based on calculated

feature parameters. Furthermore, suspected components contained in mixture to be identified are determined based
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on the spectral similarity. Based on the spectral database of 204 pure substances and 8 known mixtures, the

experimental results for 81 unknown mixtures reveal that the proposed method can reduce the calculation error of

similarity caused by spectral distortion and can improve the identification accuracy. Compared with search strategy

based on the database of pure substance, the identification accuracy obtained using the proposed method increases

from 76.34% to 92.83%.
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Table 1 Known mixtures with different components

Mixture type

Component

Volume ratio

D ethanol,acetonitrile,acetone

@ acetone,cyclohexane,diacetone alcohol

Ternary(45)

7:2:1,5:3:2,4:3:3,2:1:7,3:2:
5,3:3:4,1:7:2,2:5:3,3:4:3

@ cyclohexane,diacetone alcohol,diethyl malonate

@ ethanol, diacetone alcohol,diethyl malonate

® ethanol,acetonitrile,diethyl malonate

6:2:1:1,5:2:2:1,4:3:2:1,2:1¢

D acetonitrile,acetone, cyclohexane, ethanol

Quaternary(36)

1:6,2:2:1:5,3:2:1:4,1:1:6:2,
2:1:5:2,2:1:4:3,1:6:2:1,1:5¢

@ acetone, cyclohexane,diacetone alcohol,diethyl malonate

@ ethanol,acetonitrile, diacetone alcohol,diethyl malonate

2:2,1:4:3:2

%2 ARASHREFINRSY

Table 2 Mixtures to be identified with different components

Mixture type

Component

Volume ratio

@ acetone.diacetone alcohol,diethyl malonate

@ ethanol,acetone,diacetone alcohol

7:2:1,5:3:2,4:3:3,2:1:7,3:2¢

Ternary(45) @ ethanol,acetone, cyclohexane
. 553:3:4,1:7:2,2:5:3,3:4:3

@ ethanol, cyclohexane,diethyl malonate
® acetonitrile,acetone, diacetone alcohol

_ . i2:1:1,5:2:2¢1,4:3:2:1,2¢ 15

D ethanol,acetone,diacetone alcohol,diethyl malonate
o : £6,2:2:1:5,3:2:1:4,1:1,6:2,
Quaternary(36) @ ethanol,acetonitrile,acetone, diethyl malonate

@ ethanol,acetonitrile,acetone, diacetone alcohol

6
1
2:1:5:2,2:1:4:3,1:6:2:1,1:5:
2:2,1:4:3:2
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Table 3 Identification accuracy of each method

Mixture

Identification accuracy

Total number of components

SM PDM PMDM

Ternary 91.85%(124) 86.67 % (117) 96.30% (130) 135
Quaternary 68.75%(99) 66.67%(96) 89.58% (129) 144
Total 79.93%(223) 76.34%(213) 92.83%(259) 279

Notes: The number of components correctly identified in parenthesis.
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Table 4 Identification accuracy of individual component

Identification accuracy

Component Total number of components
SM PDM PMDM

Ethanol 55.56 % (35) 74.60% (47) 93.65%(59) 63
Acetonitrile 10026 (33) 10026 (33) 10026 (33) 33
Acetone 80.56 % (58) 85.92% (61) 90. 28%(65) 72
Cyclohexane 100 % (18) 100 % (18) 100 % (18) 18
Diacetone alcohol 90. 20 % (46) 58.82%(30) 93.73%(48) 51
Diethyl malonate 78.57% (33) 57.14%(24) 85. 95 % (36) 42

Notes: The number of components correctly identified in pqrenthesis
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Table 5 Identification accuracy under different sizes of known databases %
Number of groups Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7 Group 8
2 84.95 86. 74 88. 89 88. 89 89. 25 89.61 90. 32 90. 68
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