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Materials 
Fumed silica (Aerosil 200) of 99% purity was supplied from Evonik Degussa Co. Ltd. 

Azobisisobutyronitrile (99% purity, AIBN) and methacrylic acid (MAA, 99% purity) were 
purchased from Tianjin Fuchen Chemical Reagent Factory (Tianjin, China). Triton-100 (Tx-100, 
99% purity) was obtained from Sangon Biological Engineering Co., Ltd. (Shanghai, China). 
Ethylene glycol dimethacrylate (EGDMA, 98% purity) was provided by Aladdin Reagent Co., 
Ltd. (Shanghai, China). Malachite green (MG), basic yellow 1 (BY), safranine T (ST), and 
methylene blue (MB) were AR grade and obtained from Tianjin Tianxin Fine Chemical Reagent 
Center (Tianjin, China). Deuterated MG (99.8%) was purchased from Witega Co., Ltd. 
Acetonitrile (ACN) and methanol (MT) were both of chromatographic grade and supplied by 
Tianjin Siyou Fine Chemicals Co., Ltd (Tianjin, China). The fish samples (basa and cod) were 
purchased from Walmart Stores (Guangzhou, China). All of the other chemicals were AR grade 
and used as received unless indicated otherwise. 

Characterization 
The surface morphologies of the prepared polymer microspheres were observed using a 

scanning electron microscope (SEM, Hitachi S4800, Japan). A solid phase extraction device was 
obtained from Dongkang Sci.-Tech. Co., Ltd (Tianjin, China). The fluorescence images were 
captured using a three-dimensional fluorescence analyzer (Aqualog, Horiba, Japan). A solution 
of a fluorescent dye, in this case acriflavine, was prepared via dissolution of the dye powder 
(10 mg) into methanol (100 mL), which was then stored in a refrigerator for the subsequent 
fluorescent labeling and imaging. The Brunauer–Emmett–Teller (BET) specific surface area 
measurements of the prepared NIPs, MIPs-1, MIPs-2 and MIPs-3 samples were performed 
using a Micromeritics ASAP 2020 nitrogen adsorption apparatus (Norcross, GA, USA). Prior to 
the BET test, the samples were degassed at 150 °C, and the corresponding pore size distribution 
was analyzed using the desorption branch by means of the Barrett–Joyner–Halenda (BJH) 
method [1]. Fourier transform infrared (FTIR) spectra were recorded on an IRAffinity-1S 
spectrophotometer (Shimadzu, Japan). The mass spectrometric analysis was conducted using 
a 6540 UHD mass spectrometer (Agilent Technologies, Santa Clara, USA). Ultraviolet–visible 
(UV/Vis) spectra were recorded with a UV-3100 UV/Vis spectrometer (Shimadzu, Japan). 
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The equations used for the calculation of the thermodynamic parameters 
These thermodynamic functions can be calculated according to Eqs. (1-4) [2]: 
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where qe, Ce, R, ΔH and ΔS denote the equilibrium adsorption capacity (mg/g), equilibrium 
mass concentration (mg/L), gas constant (R = 8.314 J/mol·K [3]), the enthalpy change (kJ/mol) 
and the entropy change (J/molK), respectively. 
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Figure S1 Molecular structures of the organic dyes adopted in this study, including MG and 
its competing molecules, namely BY, MB and ST. 
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Figure S2 Digital images of the various MIPs synthesized at different volume ratios of the 
functional monomer to the cross-linking agent. 

 
Figure S3. Particle size distribution histograms for the prepared NIPs, MIPs-1, MIPs-2 and 
MIPs-3 samples. 
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Figure S4 (a-c) High-resolution O1s XPS core-level spectra of the MIPs-1 (a), MIPs-2 (b) and 
MIPs-3 (c) samples. 

In the present study, basic yellow 1 (BY), methylene blue (MB) and safranine T (ST) were 
used as the competing molecules against malachite green (MG). After the aqueous mixture of 
the mixed dyes was processed by the adsorbents, the residual concentrations of the different 
kinds of dyes were tested by an ion trap mass spectrometer, and the adsorption capacities of 
the various dyes onto the microspheres were also calculated. Before the mixture of dyes was 
prepared, the standard mass spectrum of the each neat dye was analyzed, in order to the avoid 
the overlap of the ion peaks. The standard mass spectrum of the mixed dye solution is provided 
in Figure S1. The ion peaks at 283.1, 284.2, 315.1 and 329.2 m/z can be assigned to MG, BY, MB 
and ST, respectively. A series of mixed solution with different concentrations were prepared in 
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order to produce the internal standard curve, and deuterated MG was employed as the internal 
standard (334.2 m/z). The resulting linear correlation coefficients are presented in Table S1 in 
the ESI. 

 

Figure S5 Mass spectrum of various competing molecules in the mixed dye solution. 
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Figure S6 Standard Chromatogram of a MG solution (0.2 mg/L). 

Table S1 Summary of the results from the N2 adsorption-desorption measurements for the 
prepared NIPs, MIPs-1, MIPs-2 and MIPs-3 samples. 

Sample BET surface area 
(m2/g) 

Pore volume (%) 
Total pore 

volume 
(cm3/g) 

Micropor
e (＜2 
nm) 

Mesopore 
(2-50 nm) 

Macropore 
(＞50 nm) 

NIPs 9.250 0 86.4 13.6 1.670×10-2 
MIPs-1 9.786 0 86.6 13.4 1.783×10-2 
MIPs-2 3.396 0 69.4 30.6 8.358×10-3 
MIPs-3 5.975 0 81.8 18.2 1.090×10-2 
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Table S2 Linear correlation coefficients obtained for the competing molecules involved in this 
study. 

Competing 
molecules 

Ion peak 
position 

Regression equation 
Linear correlation 

coefficient (R2) 

BY 283 y = 0.5858x + 0.161 0.9909 

MB 284 y = 0.5549x + 0.0622 0.9892 

ST 315 y = 0.3763x + 0.1691 0.9918 

MG 329 y = 0.3773x + 0.0156 0.9998 
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