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and Co®"

sensitivity, narrow effective band and serious spectral signal coverage. Thus, a multi-objective optimization

Abstract As for the simultaneous detection of trace Cu®" in zinc solution, there exist the problems of low

fractional differentiation pretreatment method is proposed. First, the coverage degree and distortion degree in the
and Co*’

relationship and constraints of differential order and index are fitted. Then, the established optimization problem is

simultaneous detection of Cu*" are determined according to the spectral characteristics, and the functional

solved by the multi-objective particle swarm optimization algorithm. This multi-objective differential order

optimization method is finally verified. The results show that the proposed method can be used to reconstruct the
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completely covered ion wave peaks with low sensitivity and narrow effective bands, and to solve the complete

spectral coverage problem. Moreover, it can be used to minimize the distortion degree of differential filtering and

reduce the spectral coverage of trace Cu®" and Co®’

to the maximum extent.

Key words spectroscopy; zinc solution; ultraviolet-visible spectrum; complete coverage; fractional differentiation;

multi-objective optimization
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Fig. 2 Spectral signals with different orders. (a) Original spectral signals; (b) original spectral filtering signals;

(c) first-order spectral filtering signals; (d) second-order spectral filtering signals
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Table 1 Selection of reagent system

Parameter Value

Mass concentration of nitroso-R-salt /(g+L.™!) 0.04
pH of NaAc-HAc 5.5
Mass concentration of Cu*™ /(mgeL 1) 10
Mass concentration of Co*™ /(mg+L™") 10
Mass concentration of Zn®" /(geL™") 50
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Table 2 Coverage degree and distortion degree with differentiation methods with different orders
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Second-order

Ions Index Original spectrum ) o ) o MOPSO
differentiation differentiation
. Coverage degree 0.7481 0.7082 0.7506 0.6808
Co*
Distortion degree 0.5869 0.6574 0.9824 0.2498
. Coverage degree 1 0.9701 0.8529 0.9252
Cu?
Distortion degree 0.5869 0.6574 0.9824 0.5707
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Fig. 3 Relationship among coverage degrees and orders for different ions. (a) Co*" ; (b) Cu®"
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Table 3 Comparison of results by different pretreatments

First-order Second-order Fractional
lons Index Original spectra
differentiation differentiation differentiation
RMSEP 0.2963 0.1219 0.1373 0.1175
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Co*™" Maximum relative error /% 161.53 19.71 25.83 15.54
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