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Table S1 Experimental data for assessment of the chromatographic response during the Si-HILIC method optimization 
	Experiment 
	x1 (% (v/v) ACN)
	x2 (pH)
	x3 (mM)
	Rs  (NS/PV)
	k’ (NS)
	k’ (MO)

	N1
	80
	4.5
	75
	0.0
	0.38
	4.8

	N2
	95
	4.5
	75
	1.4
	0.6
	40.5

	N3
	80
	6.5
	75
	0.0
	0.3
	4.1

	N4
	95
	6.5
	75
	2.0
	0.5
	31.5

	N5
	80
	4.5
	125
	0.0
	0.3
	5.2

	N6
	95
	4.5
	125
	1.4
	0.5
	34.7

	N7
	80
	6.5
	125
	0.0
	0.3
	4.5

	N8
	95
	6.5
	125
	1.7
	0.5
	32.0

	N9
	87.5
	5.5
	100
	0.8
	0.3
	8.5

	N10
	87.5
	5.5
	100
	0.8
	0.3
	8.5

	N11
	87.5
	5.5
	100
	0.8
	0.3
	8.5


Table S2 Experimental data for assessment of the chromatographic response during the ZIC-HILIC method development 
	
	Acidic profile
	Basic profile

	Experiment 
	x1 (pH)
	x2 (mM AmF)
	Rs  (NS/PV)
	k’ (MO)
	x2 (pH)
	x3 (mM AmAc)
	Rs  (NS/PV)
	k’ (MO)

	N1
	3.0
	10
	1.9
	9.9
	6.0
	10
	0.7
	5.1

	N2
	5.0
	10
	2.0
	9.9
	8.0
	10
	0.9
	10

	N3
	3.0
	100
	0.8
	9.5
	6.0
	100
	0.7
	7.1

	N4
	5.0
	100
	0.9
	6.1
	8.0
	100
	0.6
	4.6

	N5
	3.0
	45
	1.0
	10.9
	6.0
	45
	0.7
	8.0

	N6
	5.0
	45
	2.0
	10.0
	8.0
	45
	0.7
	8.2

	N7
	4.0
	10
	1.7
	9.7
	7.0
	10
	0.7
	8.7

	N8
	4.0
	100
	0.7
	6.1
	7.0
	100
	0.6
	4.6

	N9
	4.0
	45
	1.1
	10.8
	7.0
	45
	0.7
	8.1

	N10
	4.0
	45
	1.1
	10.8
	7.0
	45
	0.7
	8.1

	N11
	4.0
	45
	1.1
	10.8
	7.0
	45
	0.7
	8.1


AmF – Ammonium formate /water, AmAc – Ammonium acetate / water  

Table S3 Results obtained from testing different parameters during validation of the Si-HILIC method 

	Parameter
	Noscapine
	Papaverine
	Thebaine
	Oripavine
	Codeine
	Morphine

	System suitability
	
	
	
	

	tR
	1.36
	1.51
	4.14
	4.67
	5.84
	7.43

	k’
	0.5
	0.6
	3.4
	4.0
	5.2
	6.9

	α
	/
	1.36
	5.60
	1.17
	1.31
	1.33

	As
	0.81
	0.92
	0.94
	0.94
	1.13
	0.81

	N
	3688
	7417
	24252
	15645
	9186
	11704

	Rs
	/
	1.9
	29.7
	4.2
	6.0
	6.1

	RSD (Rt), n=6
	0.57
	0.08
	1.24
	0.29
	0.16
	0.37

	RSD (AUC), n=6
	0.52
	1.40
	0.65
	0.35
	0.29
	0.39

	Specificity (i)
	
	
	
	

	Peak purity ratio
	0.6211
	0.0896
	0.0277
	0.0005
	0.0001
	0.0001

	Linearity
	
	
	
	
	
	

	Conc. range (µg/ml)
	25 - 150 
	12.5 - 75 
	12.5 - 75 
	12.5 - 75 
	25 - 150 
	50 - 300

	R2
	0.9999
	0.9986
	1.0000
	1.0000
	1.0000
	1.0000

	Intercept
	1.7865
	5.9983
	0.3720
	2.1249
	- 0.1975
	- 1.6001

	Slope
	2.192
	5.179 
	7.455
	16.930
	1.486 
	1.398

	Sensitivity  
	
	
	
	
	

	LOD (µg/ml)
	0.60
	0.32
	0.35
	0.33
	0.58
	1.10

	LOQ (µg/ml)
	1.98
	1.06
	1.16
	1.10
	1.93
	3.66

	Precision (RSD), %
	
	
	
	

	Analyst 1 (n=6)
	0.52
	1.40
	0.65
	0.35
	0.29
	0.39

	Analyst 2 (n=6)
	0.95
	0.69
	0.63
	0.69
	0.67
	0.69

	F – test (ii)
	0.26
	3.61
	1.06
	0.25
	0.18
	0.30

	Accuracy
	
	
	
	
	
	

	Recovery

(%, n=3) on 25% of working concentration(iii)
	/
	(99.5±1.5)
	(98.6±3.5)
	(99.4±1.7)
	(100.1±1.9)
	(100.2±0.6)

	Recovery

(%, n=3) on 50% of working concentration(iii)
	/
	(99.5±1.0)
	(99.4±2.1)
	(99.9±1.8)
	(100.6±2.7)
	(99.5±1.3)

	Recovery

(%, n=3) on 100% of working concentration(iii)
	/
	(99.6±1.1)
	(99.4±2.3)
	(100.6±1.8)
	(99.8±1.1)
	(99.9±1.4)


Rt - retention time, k’- retention factor, α – selectivity, As- Symmetry factor, N – Number of theoretical plates, Rs – Resolution, AUC –peak area

(i) The peak purity of the peaks corresponding to the alkaloids in the sample solution was determined using ChemStation for LC 3D software for data handling

(ii) F=SD21/SD22, (DF1=n1-1 and DF2=n2-1); F (table) =14.94 for α=0.005
(iii) P (95% confidence interval)
Table S4 Results obtained from testing different parameters during validation of the ZIC-HILIC method 

	Parameter
	Noscapine
	Papaverine
	Thebaine
	Oripavine
	Codeine
	Morphine

	System suitability
	
	
	
	

	tR
	1.92
	2.08
	5.98
	6.31
	6.72
	7.78

	k’
	0.9
	1.1
	5.0
	5.3
	5.7
	6.8

	α
	/
	1.18
	4.19
	1.07
	1.08
	1.19

	As
	0.83
	0.81
	0.77
	0.76
	0.71
	0.78

	N
	5614
	5982
	38369
	32330
	24233
	16114

	Rs
	/
	1.9
	33.2
	2.5
	2.6
	5.1

	RSD (Rt), n=6
	0.09
	0.09
	0.06
	0.06
	0.07
	0.07

	RSD (AUC), n=6
	0.11
	0.13
	0.06
	0.05
	0.06
	0.05

	Specificity (i)
	
	
	
	

	Peak purity ratio
	0.2160
	0.0196
	0.0277
	0.0051
	0.0073
	0.0003

	Linearity
	
	
	
	
	
	

	Conc. range (µg/ml)
	25 - 150 
	12.5 - 75 
	12.5 - 75 
	12.5 - 75 
	25 - 150 
	50 - 300

	R2
	1.0000
	1.0000
	0.9998
	0.9999
	0.9998
	1.0000

	Intercept
	-0.3059
	- 6.8861
	- 17.5848
	- 10.7322
	- 6.7387
	- 3.0912

	Slope
	6.83
	20.66
	32.30
	31.01
	6.63
	6.01

	Sensitivity  
	
	
	
	
	

	LOD (µg/ml)
	0.57
	0.30
	0.31
	0.30
	0.60
	1.07

	LOQ (µg/ml)
	1.73
	0.91
	0.93
	0.90
	1.80
	3.24

	Precision (RSD), %
	
	
	
	

	Analyst 1 (n=6)
	0.11
	0.13
	0.06
	0.05
	0.06
	0.05

	Analyst 2 (n=6)
	0.18
	0.11
	0.07
	0.06
	0.03
	0.03

	F – test (ii)
	0.67
	2.54
	1.34
	1.08
	8.01
	8.26

	Accuracy
	
	
	
	
	
	

	Recovery

(%, n=3) on 25% of working concentration(iii)
	(98.5±2.5)
	(98.6±2.5)
	(97.8±2.1)
	(98.2±1.9)
	(98.9±1.7)
	(99.0±1.6)

	Recovery

(%, n=3) on 50% of working concentration(iii)
	(99.0±1.2)
	(99.1±0.9)
	(99.6±1.6)
	(99.2±1.4)
	(99.0±2.1)
	(99.5±1.0)

	Recovery

(%, n=3) on 100% of working concentration(iii)
	(99.6±1.4)
	(99.3±1.2)
	(99.8±0.9)
	(99.7±0.8)
	(100.1±1.0)
	(99.9±0.6)


tR - retention time, k’- retention factor, α – selectivity, As- Symmetry factor, N – Number of theoretical plates, Rs – Resolution, AUC –peak area

(i) The peak purity of the peaks corresponding to the alkaloids in the sample solution was determined using ChemStation for LC 3D software for data handling

(ii) F=SD21/SD22, (DF1=n1-1 and DF2=n2-1); F (table) =14.94 for α=0.005
(iii) P (95% confidence interval)
Table S5 Results obtained from testing the robustness of the Si-HILIC and ZIC-HILIC methods (23 CCCD)
	
	Robustness testing of the Si-HILIC method
	Robustness testing of the ZIC-HILIC method

	
	Experimental factors
	Response
	Experimental factors
	Response

	Experiment 
	Column temp. (˚С)  
	Mobile phase рН 
	ACN content (% v/v)
	Rs (NS/PV)
	Column temp. (˚С)  
	Mobile phase рН 
	ACN content (% v/v)
	Rs (NS/PV)

	N1
	25
	4.4
	93
	1.5
	35
	3.5
	93
	2.2

	N2
	35
	4.4
	93
	1.6
	45
	3.5
	93
	1.6

	N3
	25
	4.6
	93
	1.5
	35
	4.5
	93
	1.8

	N4
	35
	4.6
	93
	1.4
	45
	4.5
	93
	1.5

	N5
	25
	4.4
	97
	0.6
	35
	3.5
	97
	2.3

	N6
	35
	4.4
	97
	0.5
	45
	3.5
	97
	1.9

	N7
	25
	4.6
	97
	0.6
	35
	4.5
	97
	2.1

	N8
	35
	4.6
	97
	0.7
	45
	4.5
	97
	1.7

	N9
	25
	4.5
	95
	1.9
	35
	3.5
	95
	1.7

	N10
	35
	4.5
	95
	1.9
	45
	4.5
	95
	1.4

	N11
	30
	4.4
	95
	1.0
	40
	4.4
	95
	1.5

	N12
	30
	4.6
	95
	2.0
	40
	4.0
	95
	1.4

	N13
	30
	4.5
	93
	1.4
	40
	4.0
	93
	1.2

	N14
	30
	4.5
	97
	0.8
	40
	4.0
	97
	1.9

	N15
	30
	4.5
	95
	1.9
	40
	4.0
	95
	1.6

	N16
	30
	4.5
	95
	1.9
	40
	4.0
	95
	1.6

	N17
	30
	4.5
	95
	1.9
	40
	4.0
	95
	1.6


