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Overview

= Semivolatiles Background
= Source Description and lonization

= Semivolatiles Performance Data
— Sensitivity
— Linearity
— Reproducibility
= Adapting to Nitrogen Carrier Gas
= Conclusions
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Semivolatile Organic Compounds (SVOCs)

= \Volatile compound categories = Broad characterization of samples
- SVOC, VOC, VVOC (gases)

= Long analyte lists with multiple
compound classes

= GC/MS amenable

= Common, high volume analysis
= SVOC = higher bp (100 - 600°C)
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GC-APCI MS/MS Conditions

TQ MS
Source Type GC-APCI, dual Cl mode
Source Temp 150°C
Transfer Line Temp 320°C

e ]
5% phenyl 30 x 0.25 x 0.25
Column Outlet 14 psi

Injection SSL at 300°C, Split 100:1
4 mm id pkd liner

Corona Current 2.0 A
Auxiliary Gas 200 L/hr Helium 2.0 mL/min

Temperature 40°C 1min, to 120°C at 10°C/min, to
Cone Gas 240 L/hr Program 320°C at 25°C/min hold 3 min.

Make Up Gas 350 mL/min 20min run time

Detector Gain 0.10

©2022 Waters Corporation



Chemical lonization Types

Charge Transfer e- N, 2N, M
|
2e- N,te N_,+e M+ -
= N, =reagent (\M
o
= |E=156eV M
Protonation M
5 M+H]+
[ ————— N2+. H30+’ [ ]
N4+. +OHe
= H,O =reagent H,O%.
= PA =691 kJ/mol H>O

Munson. “CIMS: ten years later." Anal Chem (1977)
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Reagent lons, Varied Cone Gas

Q Spectrum - [APGCREAGENTIONS_209,APGCREAGENTIONS_208 APGCREAGENTIONS_200] - X
B file Edit Display Process Tools Window Help -
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GC-APCI Source: Cone Gas

Horning, Analytical Chemistry 45.6 (1973)
McEwen, https://doi.org/10.1016/j.jasms.2005.07.005

Corona Pin lonization

/ chamber

Cone Gas B

Atmospheric
region
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Response Characteristics

Y

Good analyte
coverage and
high response

Overlap =

Good analyte
coverage but
low response

Protonation Charge Transfer
<4+ Cone Gas =———p

Proton Affinity lonization energy
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Response Characteristics
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MRM Transition Database

m Quanpedia - SVOC

[®] Quanpedia - svoc

Compound: ( JRLL

( Compound | CAS | Mass | Formula
1,2 dinitrobenzene 528-29-0  168.0171 (C6HAN204
1,2,4 trichlorobenzene 120-82-1 179.9300 CeH3CI3
1,2-dichlorobenzene 95-50-1 145.9690 CeH4CI2
1,3 dinitrobenzene 99-65-0 168.0171 CeH4N204
1,3-dichlorobenzene 541-73-1 1459690 CeH4CI2
1.4 DCB-d4 3855-82-1 149.9941 CeD4C12
1,4 dintrobenzene 100-25-4  168.0171 C6HAN204
1,4-dichlorobenzene 106-46-7  145.9690 (C6H4CI2
1-methylnaphthalene a0-12-0 1420783 C11H10
2 chloronaphthalene 91-58-7 162.0236 C10H7CI
2 methylphenol 95-48-7 108.0575 CVH8O

@ lon Information

Enter the MS acquisition information for this compound.
Spectra and ion details can be entered for different ion modes.

lon mode: [ API+ v| Compoundname: |12 dinitrobenzene )
Precursor Mass (Da) Product mass (Da) Cone voltage (V) Collision energy (V)

Firstion: [ 169.05 | (7505 | (20 ] (20 )

Second ion: [ 169.05 | (9205 ] (30 | (17 )

Third ion: [ 169.05 ] (15205 ] (30 ] (12 )

Fourth ion: J ( ) ( J ( )

Fifthion: J ( ) ( ) ( )
[] Use Soft Transmissiol

Spectrum
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Separation of Isomers

PAHS: benzo[b]fluoranthene and benzo[k]fluoranthene

3 Chromatogram - [SVOCMetDev102]
aFile Edit Display Process Tools Window Help

5ng/ul SVOC split 100:1

16.95

16.97

25% Valley
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4-Chloroaniline, Charge Transfer Example

Targetlynx XS - DemoTQXSSVOC_3

File Edit View Display Processing Window Help

Chromatogram

Calibration: 07 Feb 2022 17:05:04

SVOC_2009 Smooth(Mn,2x3)
100pg SVOC

4 chloroaniline

SVOC_2009 Smooth(Mn,2x3)
100pg SVOC

4 chloroaniline

T
8.700

T
8.800

T
8.900

T
9.000

s =@]=]
F13:MRM of 2 channels AP+
127 = 65
1.263e+004
T min
F13:MRM of 2 channels AP+
127 =92
1.292e+004
T T min
9.100 9.200

\ICompound name: 4 chloroaniline

ICorrelation coefficient r=0.999527, r*2 = 0.999054

|Calibration curve: 0.000107505 * x + 1.88862e-005

Response type: Internal Std ( Ref 24 ), Area * (1S Conc. /1S Area )
ICurve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None

11 100 fg to 100 pg
.| 12>0.995, n=3

Response

T T T T T
-0 2000 4000 6000 8000 10000

Conc




1,2 Dichlorobenzene, Charge Transfer Example

Targetlynx XS - DemaTQXSSVOC_3 — ] X
File Edit View Display Processing Window Help
Chmmnogmm o -@-E [ Calibration: 07 Feb 2022 17:0 =] 23
SVOC_2009 Smooth(Mn,2x3) F26:MRM of 2 channels AP+i | [Compound name: 1,2 dichlorobenzene
100pg SVOC 145.0= 110,09 | [Correlation coefficient r=0.997670, "2 = 0.995345
' 4.433e+0041 | [Calibration curve: 0.000127192 * x + 0.000739372
9 1.2 dichloobenzene Response type: Internal Std ( Ref & ), Area * (1S Conc. /1S Area )
C | ICurve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
“ ««' | 50 fg to 500 pg i
%
5.50 2
: r<=0.995
5.00
n=3
0 lery T T T 7 T min 4.003
SVOC_2009 Smooth(Mn,2x3) F26:MRM of 2 channels AP+ @ 3 50:
100pg SVOC 1459=749 e =
1,2 dichlorobenzene 6.249e+003 || |2 E
T 3 3.004
x 3
2.504
2.00
% 3
1.50 x
1.00
0.50
0 T T T T T T AR AR T T T T min -0.00 T T T T T T T T T T T T T T T T T ) Conc
6.200 6.250 6.300 6.350 65.400 6.450 6.500 6.550 -0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000




Azobenzene, Protonation Example

Targetlynx XS - DemoTQXSSVOC_3

- m} X
File Edit View Display Processing Window Help
Chromatogram [ o =) Calibration: 07 Feb 2022 17:05:04
SVOC_2009 Smooth(Mn,2x3) F42:MRM of 2 channels AP+ ICompound name: azobenzene
100pg SVOC 183.1=77.05 | [Correlation coefficient r=0.998459, r2 = 0.996920
azobenzene 1517e+006 | [Calibration curve: 0.000771627 * x + 0.00389893
q Response type: Internal Std ( Ref 44 ), Area ™ (1S Conc. /1S Area )
ICurve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
8.00]
%
7.004
6.00
0 .
T T T T U T min 5.00]
SVOC_2009 Smooth(Mn,2x3) F42MRM of 2 channels AP+ @ E
100pg SVOC 183.1=51.05! | |2
- azobenzene 2.561e+004 ;-, 4,00
[i4
3.00
% 2.00 2
r<>0.995
1.004 n _3
0 T T T T T T T min -0.00 T T T T T T Conc
12.300 12.350 12.400 12.450 12.500 12.550 -0 2000 4000 6000 8000 10000




Benzyl Butyl Phthalate, Protonation Example

Targetlynx XS - DemoTQXSSVOC_3

- m} X
File Edit View Display Processing Window Help
Chwomatogram (= (@ | | | [ calibration: 07 Feb 2022 17:05:04 IS8 ol <=
SVOC_2009 Smooth(Mn,2x3) F65MRM of 2 channels AP+ | [Compound name: benzyl butyl phthalate
100pg SVOC 313.2>91.05 Correlation coefficient r=0.997300, r'2 = 0.994607
7.073e+005 | [Calibration curve: 0.000195802 * x + 0.000711049
penzyl butyl phihalate Response type: Internal Std ( Ref 71), Area * (1S Conc. /1S Area )
Curve type: Linear, Origin: Exclude, Weighting: 1/x, Axis trans: None
2.004
85% achi d
2 1.60
r- >.99 from -
1.404
100 fg to 100 | M———— | .
F65:MRM of 2 channels AP+ o 1205
I 3132>149.05! | |2
pg O n = CO U m n benzyl butyl phihalate 5.331e+005] | |2
o 1.004
[i4
0.80
0.60
%
50 fg to 100 pg
2>0.99, n=3
r< >0. , N=
T - T " " - - - - - - min -0.00 - r T T Conc
14.900 15.000 15.100 15.200 15.300 15.400 15.500 15.600 -0 2000 4000 6000 10000

8000
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Perylene-d12 lonization Stability Monitoring

Targetlynx XS - DemoTQXSSVOC_3

] X
File Edit View Display Processing Window Help
Chroma!ogmm E]
SVOC_2006 Smooth(Mn,2x3) F59:MRM of 2 channels AP+
5pg SVOC 264.1>260.1 + 265.1 > 263.1
D D perylene-d12 1.334e+008
D D
D D 264.1>260.1 + 265.1>263.1
%] D D
D D
D D
0 T T T T T 1 T T T min
SVOC_2006 Smooth(Mn,2x3) F59:MRM of 2 channels AP+
5pg SVOC 265.1>= 2631
- perylene-d12 1.099e+008
%RSD  0.492 265.1>263.1
. .
%
0 T T T T T T T T T T v T T v T T T u T T u T min
16.950 17.000 17.050 17.100 17.150 17.200 17.250 17.300 17.350 17.400 17.450
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Separation of Isomers
Benz[a]anthracene and Chrysene, He v. N, Carrier

E Chromatogram
File Edit Display Process Tools Window Help
=) svoc_2010
15.8415 87
(-
i
R Helium / \ / \
JERVAR
s e e B e L B L S e e e )11
15.45 15.50 15.55 15.60 15.65 15.70 15.75 15.80 15.85 15.90 15.95 16.00 16.05 16.10 16.15 16.20
T svoc N2 2 [= @] =]
13;93
13;89 /\\
Nitrogen A 3.0s V. 2.4s
| .
s A (.’ | wide peaks
VA
/ |
I 1 1 I IL- 1 1 1 T Time
13.60 13.70 13.80 13.90 14.00 14.10 14.20 14.30

U T 1
13.50
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Scaled Columns Dioxins

1,2,3,6,7,8-HxCDD

6. MRM of 4 Channels API+

18.55 TIC
18.79 1.02e6
1,2,3,4,7,8-HxCDD 1,2,3,7,8,9-HxCDD
Helium
18.00 1825 1850 1875  19.00 1925 1950 19.75  20.00
1,2,3,6,7,8-HxCDD 6: MRM of 4 Channels AP+
18.50 TIC
18.72 1.05e6
1,2,3,4,7,8-HxCDD 1,2,3,7,8,9-HxCDD
Nitrogen
—T T T T T T T —T T — T T T T T ]
18.00 18.25 18.50 18.75 19.00 19.25 19.50 19.75 20.00
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Sensitivity Assessment N2 Carrier Gas, Pesticide

3 Chromatogram - [SVOC_N2_206] - [} X
aFile Edit Display Process Tools Window Help - 8 x

SVOC_N2_206 Sm (Mn g7 64: MRM of 2 Channels AP+
] 10.10 TIC (hexachlorobenzene)
T 3.65e6

# 5 pg hexachlorobenzene
mass on column

——T———T——-r—r—T—T—"7r—'r T 77 T T T T T T T T T T T T T T T T T T T T T [iMe
9.55 9.60 9.65 970 9.75 9.80 9.85 9.90 995 10.00 10.05 10.10 10.15 10.20 10.25 10.30
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Conclusions

= Analytes compatible with both charge exchange and protonation exhibit good
sensitivity, linearity and reproducibility using dual chemical ionization mode

= The two ionization modes maintain a broad and stable fixed performance ratio for
extended periods allowing concurrent analysis of multiple classes of SVOCs in a
single injection

= The method is adaptable to nitrogen carrier gas without loss of sensitivity

= Future work: extracted samples; N2 carrier with scaled column
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GC-APCI MS/MS System
APGC Xevo TQ-XS Tandem Quadrupole

Atmospheric Pressure Source

Heated Transfer Line

APGC™, dual Cl mode
150°C

320°C

2.0 pA

200 L/hr

240 Lihr

350 mL/min

0.10

Agilent 7890
Rxi®-5Sil MS 30 x 0.25 x 0.25
Column Outlet 14 psi

Injection SSL at 300°C, Split 100:1

4 mm id pkd liner

Helium 20 mL/min
Temperature 40°C 1min, to 120°C at
Program 10°C/min, to 320°C at

25°C/min hold 3 min.

20min run time
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“And the end of all our exploring
Will be to arrive where we started
And know the place for the first time.” T.S. Eliot




