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Hurdles and Highlights for Helium Carrier Gas

= Non-renewable * Inertness

= Petroleum production by-product = Chromatographic resolving power
= Supply instability = Compatibility with MS vacuum

= Pricing instability = Compatibility with MS ionization

= Broad applications/publications
Will | be able to deliver results

on time?
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Alternatives to Helium

= Nitrogen = Hydrogen

= Local generation possible = Local generation possible

= Inertness = Undesirable reactivity

= Slower optimum linear velocity = Higher optimum linear velocity

= Requires column scaling = Requires column scaling

= Adverse effects on sensitivity for El = Adverse effects on sensitivity for El

= How does N, effect GC-APCI? = Not supported for GC-APCI

©2023 Waters Corporation



GC-APCI MS: Gas Chromatography Atmospheric Pressure
Chemical lonization Mass Spectrometry

‘ Auxiliary Gas
Cone Gas\ l
——

GC Effluent

// | :_Makeup o L
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A= SS
Multiple Reaction Monitoring: MRM (aka SRM)

Collision
MS1 Cell MS2

« MS1 filters precursor ions

* Gas filled cell with fragmenting voltage applied
*lons undergo collision induced dissociation (CID)
* MS2 passes only specific product ions
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Why MS/MS?

B Higher confidence
— Decrease/eliminate false positives/negatives

B Ease of integration
— Easier to automate
— Less manual reprocessing

B Time Savings
—Allows faster run times
—Reduce/eliminate sample clean up steps

B Reduced/eliminated chemical noise
— Increases accuracy
— Improves precision
— Improves dynamic range

©2023 Waters Corporation

MS

100,

B VAM\
0 ‘ T ‘ ‘ :
7.60 7.70 7.80

100,

) ./\J_
0 : : : ;
7.60 7.70 7.80

100

‘) A
0+ r ‘ ‘ ‘ Time
7.60 7.70 7.80

MS/MS
100
e
0 ; ‘
7.60 7.70 7.80
100,
2
0 ‘ ‘
7.60 7.70 7.80

Time

Specificity & Sensitivity




PAHs: N, v He, Without Column Scaling

= N, ~10% longer runtime

= He v. N, functionally
equivalent separation

= Rxi-35Sil MS 30m x .25 x.25

— No commercially available
scaled column

= Nitrogen Carrier Gas White Paper, 2023
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https://www.waters.com/waters/library.htm?cid=511436&lid=135114129&lcid=135114128

Carrier Gas Original Translation

| DEfIne gaS type _ elium v itrogen v

Column
Length 30.00 2000 m
Inner Diameter 0.25 0.15 mm
. : Film Thickness 0.25 0.15 pm
= Scale column dimensions .
ase Ratio 250 250
- Keep phase ratio constant Control Parameters
Column Flow - 140 -p 0.38 mL/min
Average Velocity 42.74 2240 cm/sec
Holdup Time 117 149 min
= Qutlet Pressure for APGC (Atm) or EI (Vacuum) | seteesure o
Qutlet Pressure (abs) 0.00 14.70 psi
Oven Program
Olsothermal Ramp Hold Ramp Hold
@®Ramps cChmim OO (o c&mim CEP (mom
Ramps (1-4) 40 1 40 135
1 8.5 330 1 7.3 330 115

Control Method
= Link to EZGC Method Translator, (Restek) Constant Flow

Results Solve for @ Efficiency Q Speed @ Translate @ Custom
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https://ez.restek.com/ezgc-mtfc

OCPs: N, v He, Scaled Column

& Chromatogram - *
File Edit Display Process Tools Window Help Run
" m 8 8 & oce.m oo ] | @ ocr = e
N2 40 . X - 1 X - 1 SE4 100pg/uL ‘SE4 100pg/uL
OCP_207 24: MRM of 2 Channels AP+ IN2_OCP_1005 els
Rxi-5 S|| MS 7 19.9 T ;

Endo il | | DDD i

i T in

i an ‘,_\
= He 60m x .25 X .25 N e N 1|
Rxi-5Sil MS R | | %/ | a

o |
. I -
= 50 peaks (39/11) | '\ \ / | | | a
| \ | \ \ |
= +/- 1.1s average e | | L a
= He at 1.5 mL/min AL JIAL

. N2 at 0.45 mL/min 19.70 1980 1990 20.00 2010 2020 20.30 2040 19.70 19.80 19.90 20.00 2010 2020 2030 2040
Helium Nitrogen
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Phthalates: N, v He, Scaled Column

58] Targetlym Xs - PhthalatesBothGases1.qld

File Edit View Display Processing Window Help

[] Chromatogram

He_ PHTH_425 Smooth(Mn,2x2)
SES phthalates 100ppb

bis4methyl2
[o [ )

F2:MRM of 4 channels,AP+

58] Targetlym XS - PhthalatesBothGases1.qld

File Edit View Display Processing Windew Help

pt

[] Chromatogram

bis2ethoxyethylphthalate

o [@ e

He

%

3

149 > 65 + 149 > 93
bis4methyl2pentylphthalate  2.346e+006

He PHTH_425 Smooth(Mn,2x2)

min

N2_PHTH_425 Smooth(Mn,2x2)

SES phthalates 100ppb

1

bis2ethoxyethylphthalate

f\

F2:MRM of 4 channels,AP+
149 > 65 + 149 > 93
2.141e+006

min

SE5 phthalates 100ppb

%

F2:MRM of 4 channels, AP+
149 > 65 + 149 > 121
bis4methyl2pentylphthalate  2.108e+006

1

12.600

12.800

min

N2_PHTH_425 Smooth(Mn,2x2)
SES phthalates 100ppb

bis2ethoxyethylphthalate

F2:MRM of 4 channels, AP+
149 > 65 + 149 > 121

2.009e+006

Compound name: bis2ethoxyethylphthalate

Correlation coefficient: r = 0.999544, r~2 = 0.999088

Calibration curve: 0.321652 * x + 0.028852

Response type: Internal Std ( Ref 14 ), Area * ( IS Conc. / IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

Response

Rxi-5Sil MS 30 m x 0.25 mm x 0.25 pm for He and 20 m x 0.15 mm x 0.15 um for N,
Average r2 0.996 for 16 of 17 analytes. Method includes 11 I1S/Surr.
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 OSVASESS
Multi-Class Semivolatiles (SVOCs)

= Single class SVOC analyses successfully translated to N, carrier GC-APCI

= Multi-class SVOC methods present additional challenges
— Wider range of ionization characteristics
— Different, specific requirements for long term stability assessment

= With the change to N, carrier, evaluation of N, collision gas in place of Ar
was performed ; * 2
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GC/MS Conditions

Xevo™ TQ-Absolute Agilent 8890
APGC™, dry source Column Rxi®-SVOCms 20m x 0.15 x
150°C 0.15

Outlet Atm

Transfer Line 320°C
Temp SSL, 310°C, Split 10:1, 4 mm pkd
2.0 yA liner

200 L/hr N,, 0.25 mL/min

270 L/hr Temp Program 40°C 1min, to 120°C at 15°C/min,
Make Up Gas 350 mL/min to 335°C at 30°C/min hold 7 min.
CID Gas N,, 0.4 mL/min 20.5min run time

©2023 Waters Corporation



Translating From Ar CID Gas to N,

= Dry source APGC method developed on TQ 2 and transferred to TQ 1

. TQ 2, N2 Carrler ga.S and N2 CID gas . Going Between Nitrogen and Argon as the Coll Gas
= TQ 1, He carrier gas and Ar CID gas —
= |dentical MRM Transitions
= TQ 2 N, CEs modified for Aron TQ1 £~
— Based on guidance in graph -
\g

Mass Precursor lon
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Estimated v. Optimized, N, CID to Ar CID Gas

=) Chromatogram - [8270_4008]
= File Edit Display Process Tools Window Help

Zapeanb@d|n @uk|(@asESRO/ca|ce » @[ H

- X

CE estimate

Megamix 500pg, split 10:1
8270_4008 Sm (Mn, 2x1)

. °\°|
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Comparison Between Different Configurations

& Chromatogram - [8270_4002] — O x = chromatogram - [N2_SVOC_1915] — =] =<

= Fi dit splay Proce: Tools Window Help Run T
B File Edit Display Process Tools Window Help & x B\l@\-hﬂm@“l&ﬂlm”ﬁlAEE-@|QQQ| e e 52 76 analytes
D & @ m l% QQ B L_ m g h.u- L @A .E- G ‘Q Q Q wB ) © x E r’igosp\/'JObCMWZg“:?::(M 2x1) 60 MRM of 2 Cha
Megamix 500pg, split 10:1 1004 11.37.179308 5852 un e e .
8270_4002 Sm (Mn, 2x1) 64: MRM of 2 Channels AP+ In 8270

12.29;276387 283.8 > 248.8 (hexachlorobenzene) 9 . 3566 M egam |X
TQ 1 1.79e7 TQ 2 were within

. e " r;jilc +/_ 2X
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Comparison Between Different Configurations

12.24 x50
12.20 ' 12.30 ' 12.40 ' 12.50
, 2x2); Sm (Mn, 2x2)
12.24

He carrier
Ar CID

11.33

x100

TQ 2

HCB

100fg on
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12.20 ' 12.30 ' 12.40 ' 12.50

11.33
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N, CID

1150
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Comparison Between Different Configurations

He carrier
Ar CID

(BB creomatogram - (8270 5314] o
 Fie Edt Displsy Process Tools Window Help
Megamix 1000pg, split 10:1
8270_5314 ‘ ( a J
'MHJ)}A“ Al )J‘ | ‘
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J h ) ) m. 1 \ .
T T A P T T T YT
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All N, System Quantitation, TQ?2

Targetlynx XS - untitled = - B3
File Edit View Display Processing Window Help

Hexachlorobenzene
[A] Chromatogram [ (@ ][5 | | b4 Calibration: 14 Jul 2023 14:49:22 (=R R

%

N220m_SVOC1102 Smooth(Mn,2x2) F&3:MRM of 2 channels, AP+
Megamix 1pg, split 10:1 Hexachlorobenzene 283.8>213.8
1.999e+004
100
%

0 T T T T T L T T T T T T T min
N220m_SVOC1102 Smooth(Mn,2x2) F63:MRM of 2 channels AP+
Megamix 1pg, split 10:1 Hexachlorobenzene 283.8 >248.8
100 11.33 2.048e+004

HCB

100fg on
column
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11.100

T T 1 T T T T T min
11.200 11.300 11.400 11.500 11.600 11.700

Compound name: Hexachlorobenzene

Correlation coefficient: r = 0.999136, r*2 = 0.998274

Calibration curve: 0.280641 * x + 0.110724

Response type: Internal Std ( Ref 69 ), Area * (IS Conc. /IS Area )

Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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All N, System Quantitation, TQ?2

File Edit View Display Processing Window Help

Targetlyny XS - NEMCT.qld *

2,4-Dinitrophenol

Calibration: 14 Jul 2023 16:00:34

Chromatogram o)==
N220m_SVOC1102 Smooth(Mn,2x3) F45:MRM of 3 channels, AP+
Megamix 1pg, split 10:1 2,4-Dinitrophenol 184 > 79 + 184 > 107 + 184 > 154
5.726e+004
100
%
0 T T T T T T T T T T T T T T T min

N220m_SVOC1102 Smooth(Mn,2x3)

F45:MRM of 3 channels AP+

2,4 DNP
100fg on
column

10.200  10.300

10.400

10.500  10.600  10.700

Compound name: 2,4-Dinitrophenol

Correlation coefficient: r = 0.996077, r*2 = 0.992169

Calibration curve: 1.08253 * x + -0.577913

Response type: Internal Std ( Ref 68 ), Area * (IS Conc. /IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
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All N, System Quantitation, TQ?2

Targetlyny XS - NEMC2.qld *

File Edit View Display Processing Window Help

= |/ DB

hromatogram =] ] Calibration: 15 Jul 2 20 [ =]=]
N220m_SVOC1202 Smooth(Mn,2x2) F11:MRM of 3 channels AP+ | [Compound name: Benzyl alcohol
Megamix 1pg, split 10:1 Benzyl alcohol 107.0 > 79.0 | [Correlation coefficient: r = 0.996857, r*2 = 0.993724
4.294e+004 | [Calibration curve: 1.95545 * x + 1.63142
Response type: Internal $td ( Ref 66 ), Area * (IS Conc. /IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
20001 *
% 1800
1600
7.09 7.20 7.29 14001
3 T T T T T T 9
N220m_SVOC1202 Smooth(Mn,2x2) F11:MRM of 3 channels, AP+ [ . 12001
Megamix 1pg, split 10:1 108. > 107. || 2 1
2.461e+004 || 2
100 7.53 § 1000/
4
Benzyl * *
8004
I h I Benzyl alcohol 1
Alcoho 600
% p|
100fg on
column .
L VNI s i e e T —————————min - Conc
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All N, System Quantitation, TQ?2

Targetlyny XS - NEMC2.qd - B3
File Edit View Display Processing Window Help
2 H |/ 8| EEE| g e L=l
P =)@ =]
N220m_SVOC1202 Smooth(Mn,2x2) F4T:MRM of 3 channels AP+ |/Compound name: 2,4,6 Trichlorophenol
Megamix 1pg, split 10:1 195.9>97 + 1959 > 131.9 + 195.9 > 159.9 |[Correlation coefficient: r = 0.995612, r*2 = 0.991243
2,4,6 Trichlorophenol 8.588e+004 ||Calibration curve: 0.434053 * x + 0.276917
100 9.68 1 Response type: Internal $td ( Ref 68 ), Area * (IS Conc. /IS Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
9.72 .
400 *
% m
350
300
0 T T T T T T = ¥ - T T T T = min
N220m_SVOC1202 Smooth(Mn,2x2) FAT:MRM of 3 channels AP+ || , 250 x
Megamix 1pg, split 10:1 2,4,6 Trichlorophenol 1959>97 (|2
5 x
100 9.68 4.084e+004 2
. 2 200 %
TriCPs | :
150
J 6 IStds
S <10% RSD
= TP e Min -t Conc
9.400 9.500 9.600 9.700 9.800 9.900 10.000 -0 100 200 300 400 500 600 700 800 900 1000
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ERANEEES
All N2 System, TQ2 v. He/Ar System TQ1

= Coefficient of determination > 0.992 v. 0.994

= %0RSD IStds <10% v < 7%
= 65 of 67 analytes gave same LOQ on both
NOWA T Q 2 § 49802002

8270_5107 Smooth(Mn,2x3) N220m_SWV! 0
Megamix 10pg, split 10:1 Megamix 5pg. split 10:1
; NDMA I - Q 1 100

o T — . o /\*/‘-\ e e —— T T —
- F4MRM of 4 channels, AP+
75.0 > 58.0
, carrier ==

ooooooooooooooooooooooooooo
11111111

85 T T T T T T T T T T T T T
8270_5107 Smooth(Mn,2x3) .
Megami
NowA He carrier |«
[
[\
Ar CID - N, CID
% J 2
AN
N
\\
3 450 4ks 460 465 470 475 480 4bs 460 4b5 500"

Megamix 10pg, split 10:1

91

235 240 245 250 255 260 265 270 275 280 285 290 295 3
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Conclusions

= GC-APCI enables translation of SVOC methods to N, carrier gas
without loss of separation or sensitivity

= N, CID gas, in place of Ar, allows a GC/MS/MS system to be operated
using a single gas supply

= Dry source (charge exchange) ionization mode demonstrated
compatibility with multi-class SVOCs

= However...
= N, carrier gas not allowed for EPA SVOC methods (8270, 525, 1625)

= Ability to meet long term stability requirements CCV of some methods
requires further evaluation
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