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Table S1: Central composite design matrix showing 27 experimental runs with four independent variables for DLLME optimization.
	
	
	Factor 1
	Factor 2
	Factor 3
	Factor 4

	Std
	Run
	A:Disperser volume
	B:Extraction volume
	C:pH
	D:Centrifugation time

	
	
	µL
	µL
	
	min

	14
	1
	1200
	100
	10
	10

	6
	2
	1200
	100
	10
	3

	25
	3
	800
	200
	6.5
	6.5

	2
	4
	1200
	100
	3
	3

	22
	5
	800
	200
	10.7
	6.5

	5
	6
	400
	100
	10
	3

	1
	7
	400
	100
	3
	3

	20
	8
	800
	320
	6.5
	6.5

	24
	9
	800
	200
	6.5
	10.7

	17
	10
	320
	200
	6.5
	6.5

	23
	11
	800
	200
	6.5
	2.3

	9
	12
	400
	100
	3
	10

	3
	13
	400
	300
	3
	3

	7
	14
	400
	300
	10
	3

	12
	15
	1200
	300
	3
	10

	26
	16
	800
	200
	6.5
	6.5

	19
	17
	800
	80
	6.5
	6.5

	21
	18
	800
	200
	2.3
	6.5

	18
	19
	1280
	200
	6.5
	6.5

	15
	20
	400
	300
	10
	10

	27
	21
	800
	200
	6.5
	6.5

	16
	22
	1200
	300
	10
	10

	4
	23
	1200
	300
	3
	3

	13
	24
	400
	100
	10
	10

	10
	25
	1200
	100
	3
	10

	11
	26
	400
	300
	3
	10

	8
	27
	1200
	300
	10
	3







Table S2: Statistical parameters demonstrating adequacy and predictive capability of second-order polynomial models for both responses.
	Parameter
	Recovery (%)
	CV (%)

	R²
	0.9830
	0.9713

	Adjusted R²
	0.9755
	0.9608

	Predicted R²
	0.9569
	0.9391

	Adequate Precision
	40.136
	29.636

	CV %
	1.65
	7.33





Table S3: Matrix effect and extraction recovery of sotalol assessed at three quality control levels (LQC, MQC, HQC).
	QC Level
	Nominal Concentration (ng/mL)
	Matrix effect (%)
	Extraction recovery (%)

	LQC
	3
	97.47±9.609
	99.54±4.911

	MQC
	600
	91.57±3.745
	102.92±5.364

	HQC
	1000
	97.22±9.466
	99.05±6.368






Table S4: Stability of sotalol in human plasma under various storage and handling conditions at two quality control levels (LQC, HQC).
	Condition
	LQC
	HQC

	
	Recovery (%)
	CV (%)
	Recovery (%)
	CV(%)

	2-8°C 24h
	98.53
	6.76
	101.25
	0.47

	Post-preparation (autosampler, 10°C) 48h
	96.25
	1.99
	95.53
	2.38

	Room temperature 24h
	93.62
	3.05
	92.21
	1.45

	Three freeze-thaw cycles(-70°C)
	93.7
	1.85
	92.16
	7.05

	Long-term 40days (-70°C)
	92.23
	8.08
	92.18
	5.06





Table S5: Comparison of the developed DLLME-LC-MS/MS method with previously reported analytical methods for sotalol determination in human plasma.
	Reference
	Method
	Sample Volume (µL)
	Extraction Approach
	Linearity (ng/mL)
	Recovery (%)
	LLOQ (ng/mL)
	Runtime (min)

	Bartek et al. [12]
	HPLC-FLD
	1000
	SPE (C8 cartridge)
	10–6000
	76.0
	10
	~18

	Boutagy & Shenfield [11]
	HPLC-FLD
	300
	Protein precipitation (PCA)
	160–10,000
	>98
	80
	~7

	Chiap et al. [17]
	HPLC-UV
	370
	Automated dialysis + cation-exchange TEC
	25–1000
	60.4
	25
	19

	Rbeida et al. [15]
	HPLC-FLD
	100
	RAM with cation exchange (XDSc)
	5–500
	~96
	5
	19

	Li et al. [10]
	LC-MS/MS
	100
	Protein precipitation (ACN)
	20–4000
	85–99.7
	20
	7.5

	Zarghi et al. [19]
	Ion-pair HPLC-FLD
	500
	Protein precipitation (PCA)
	20–1500
	96.5
	10
	6

	Goryński et al. [22]
	SPME-LC-MS/MS
	1200
	TF-SPME (HLB, 96-well)
	1–1000
	~50
	1.15
	~12

	This work
	DLLME-LC-MS/MS
	400
	CCD-optimised DLLME
	1–1200
	99–103
	1
	4
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Fig. S1: Diagnostic plots for validation of second-order polynomial models: (A-B) normal probability plots of externally studentized residuals for recovery and CV models showing linear distribution, (C-D) predicted versus actual values demonstrating excellent correlation, (E-F) externally studentized residuals versus run number showing random scatter, and (G-H) leverage versus run number indicating absence of influential outliers.
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Fig. S2: Numerical optimization results showing optimal DLLME conditions: (A) disperser volume = 1200 µL, (B) extraction solvent volume = 300 µL, (C) pH = 10, (D) centrifugation time = 3 min, with predicted extraction recovery = 95.29% and coefficient of variation = 4.16%.
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Fig. S3: Selectivity chromatograms demonstrating absence of interfering peaks in blank human plasma for (A) sotalol transition (m/z 273.1→255.1) and (B) atenolol internal standard transition (m/z 267.2→145.1).
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