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Effect of Failure Modes on Resolution (Rs) of the Analyte Peak from the Nearby Matrix Peak
Table 1. Design metrics for Taguchi Screening Design
	Sr. No.
	A
	B
	C
	D
	E
	F
	G
	Rs of
S-IV
	Rs of
SS

	1
	7
	1.0
	18
	70
	60
	5
	65
	2.050
	2.825

	2
	3
	0.6
	18
	70
	80
	15
	65
	2.037
	3.932

	3
	3
	0.6
	18
	50
	60
	5
	55
	2.192
	6.022

	4
	3
	1.0
	22
	70
	80
	5
	55
	3.589
	3.576

	5
	7
	1.0
	18
	50
	80
	15
	55
	3.584
	2.865

	6
	3
	1.0
	22
	50
	60
	15
	65
	4.809
	6.588

	7
	7
	0.6
	22
	50
	80
	5
	65
	4.128
	4.979

	8
	7
	0.6
	22
	70
	60
	15
	55
	4.560
	4.027


(n=3) Values obtained after injecting sample solutions (200 µg/ml BTF and 200 µg/ml HF).  (A=% water, B=Flow rate(mL/min), C=Column Temp (oC), D=Spray chamber Temp(oC), E=drift tube Temp(oC), F=Injection volume(µl), G=Gas pressure)
Table 2. Effect of failure modes on Rs
	Sr. No.
	CMAs Factor
	Failure mode
	p value for S-IV
	p value for SS

	1
	Rs
	COT
	0.0078
	-


Two-Way ANOVA was used to determine F-value, p<0.05 was considered significant
[FR= Flow Rate, SCT = Spray Chamber Temperature, COT=Column Oven Temperature, COT= Column Oven Temperature, % Water = Proportionate of water in the mobile phase] 
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Figure 1. Pareto Chart Depicting the Impact of variable on Resolution (Rs) of S-IV and SS peak

The results showed that Resolution (Rs) for the peak corresponding to S-IV might be affected only by the Column Oven Temperature (COT). Moreover, none of the critical failure modes affected the Rs of peak corresponding to SS.
Table 3. Design Matrix for Study Performed to Optimize Chromatographic Parameters
	Sr. No.
	A
	B
	C
	D
	E
	Rs
S-IV
	Rs SS

	1
	1
	60
	3
	10
	20
	2.143
	4.250

	2
	0.8
	60
	3
	10
	22
	5.367
	2.314

	3
	0.8
	60
	3
	10
	18
	2.507
	2.161

	4
	0.8
	60
	5
	5
	22
	2.745
	4.312

	5
	0.8
	60
	7
	10
	18
	2.821
	4.928

	6
	0.8
	50
	7
	10
	20
	3.476
	12.016

	7
	0.8
	60
	7
	5
	20
	3.529
	4.422

	8
	0.6
	60
	7
	10
	20
	3.731
	10.850

	9
	0.6
	60
	3
	10
	20
	2.598
	7.182

	10
	0.8
	60
	5
	15
	18
	2.900
	5.184

	11
	0.8
	60
	3
	5
	20
	2.489
	8.589

	12
	1
	70
	5
	10
	20
	2.787
	6.863

	13
	0.8
	60
	7
	15
	20
	3.518
	4.389

	14
	0.8
	70
	7
	10
	20
	3.159
	9.788

	15
	0.8
	60
	5
	5
	18
	2.845
	5.125

	16
	1
	60
	5
	10
	22
	2.752
	4.436

	17
	1
	60
	7
	10
	20
	3.324
	8.432

	18
	1
	60
	5
	5
	20
	2.760
	4.984

	19
	0.8
	70
	5
	10
	18
	3.002
	6.997

	20
	0.6
	60
	5
	10
	22
	2.984
	9.128

	21
	0.6
	60
	5
	15
	20
	3.149
	6.456

	22
	0.8
	50
	5
	10
	22
	3.073
	7.822

	23
	0.8
	70
	5
	10
	22
	2.978
	7.733

	24
	0.8
	60
	5
	15
	22
	2.881
	4.389

	25
	0.8
	70
	5
	5
	20
	3.185
	5.253

	26
	0.8
	60
	5
	10
	20
	2.620
	5.035

	27
	0.6
	70
	5
	10
	20
	3.116
	4.256

	28
	0.8
	60
	5
	10
	20
	2.680
	5.015

	29
	1
	60
	5
	15
	20
	2.789
	4.489

	30
	0.8
	50
	5
	10
	18
	3.106
	7.795

	31
	0.6
	60
	5
	10
	18
	3.027
	9.269

	32
	0.8
	70
	3
	10
	20
	2.616
	5.075

	33
	0.6
	50
	5
	10
	20
	3.159
	4.534

	34
	0.8
	60
	5
	10
	20
	2.650
	5.069

	35
	0.6
	60
	5
	5
	20
	3.125
	6.392

	36
	0.8
	50
	5
	5
	20
	3.089
	7.669

	37
	0.8
	70
	5
	15
	20
	2.982
	5.595

	38
	0.8
	60
	7
	10
	22
	3.422
	5.454

	39
	1
	60
	5
	10
	18
	2.848
	4.516

	40
	1
	50
	5
	10
	20
	2.701
	7.747

	41
	0.8
	50
	5
	15
	20
	3.101
	7.689

	42
	0.8
	60
	3
	15
	20
	2.495
	5.234

	43
	0.8
	50
	3
	10
	20
	2.560
	9.698


(n=3) After injecting sample solutions (200 µg/ml BTF and 200 µg/ml HF). (A=Flow rate(mL/min), B=Spray chamber Temp(oC), C=% water E=Injection volume(µl), D=Column Temp (oC))

In-line with the results of Taguchi design experiments, the results of Box-Behnken design showed that, the model was significant only for S-IV, and only one failure mode had significant effect on Rs corresponding to S-IV peak. Moreover, the model was non- significant for the Rs of SS peak. Lack of fit was found significant for Rs corresponding to peak of both the analytes, when selected values of failure modes were employed for studying the interaction effects of failure modes on Rs (Table 4). The difference in Adjusted R2 value and Predicted R2 value was comparatively high for S-IV peak. Moreover, correlation coefficient for S-IV was low. As, none of the failure modes affecting the Rs, for the peak of SS, in significant manner, the correlating coefficient was not determined, along with the Adjusted and Predicted R2 value (Table 5). This suggested that, Rs was not statistically affected by the failure modes, and might not to be considered as a CMA. Moreover, poor correlation coefficient was of indicative of the poor prediction capacity of the model in case of Rs.  However, the results showed that value of Rs was higher than two in all the experiments, which ensured that, resolution would be satisfactory for the peaks after optimization studies.
Table 4. Statistical Analysis for Effect of Failure Modes on Rs using Box-Behnken Design
	Sr. No.
	Factor
	Failure mode
	p value for S-IV
	Failure mode
	p value for SS

	1
	Rs
	% Water
	0.0311
	-

	
	
	Lack of Fit
	0.0039
(Significant)
	0.0001
(Significant)


Two-Way ANOVA was used to determine F-value, p<0.05 was considered significant



Table 5. Selection of Experimental Model to Optimize Chromatographic Parameters
	Analyte
	CMA
	p-value for Model
	R2
	Adjusted
R2
	PredictedR2
	Adequate
Precision
	PRESS
	Suggested Model

	S-IV
	Rs
	0.0311
	0.1084
	0.0866
	-0.0532
	5.1751
	10.74
	Linear

	SS
	Rs
	-
	-
	-
	-0.0482
	-
	212.64
	Linear
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