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ABSTRACT

GC-TSQ CI technique was applied for analysis of samples for the 32" OPCW proficiency test. Eight chemical
weapon convention(CWC) related chemicals were identified by product ion mode analysis with GC-TSQ in the

samples. Choice of specific precursor ion made it possible to supply selective total ion chromatograms(TICs) of

target molecule. GC-TSQ CI anaylsis technique was useful method for chemical warfare agent verification because

analysis selectivity was improved by choice of mother molecule as precursor ion and gave mass spectra.
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GC-TSQ CI BA4H-S o] &3t A|323} OPCW &AT A8 Alg B4 A

matrix®] @2} blank, control, sample & 6709 A&7}
AFATE. OPCWoAE o]= A|E7} blank, control,
sample?1 A& GeFA] Fon ot s}shatgA #
HEZo] X3tEo] JA=AE Wele PO R AFo]
ZlsyHrt.

OPCW SH= Aol ARgE= 24%2 =2
primary technique®} secondary technique® 2 HEE T}
Primary technique2 E29] FT/RE GgstA FRlst7]
gk dlolErt RS EAVIES ouE 7]|Ed
NMR, GC/MS EI&#4, LC-MSMS #4o| FH GC/
MS/MS CIE4Jo] F7}= %1t} Secondary technique o 2
= GC, LC, CE 5°] Stk 8% Al RI=A|
T 0 oo AN E o|8e AHE AEstoof 3}
v olu &1} o] primary technique©] ook ).

TSQ= F 7 oo AZJFEN7I7F 2FE MSMS
A0l 7153 tandem HAFEA7F R Al A
quadrupole 2 ©]FoA Ut} o]F F Q= oleE5S #
FHg B3 035;}2 Gt 1 =70 collision
celle] FX=o] glo] A WA quadrupoles T3 ©]

LEo AUAE 78t thA] 3 W fragmentation©]
dofd & Q=5 Arse] YuPl TSQE o83 &
AHLe 7|E9 sh}e] quadrupoleZ HA1E}= scan H
23t 3} SIM(Selected Ion Monitoring) ®A1H-S X &3}

o] precursor ion scan, product ion scan, SRM(Selected

é

Reaction Monitoring), neutral loss scan #+4jo] 7153}
t}. 53] product ion scan®] 739~ AEE precursor ©]
20| EAgh= Aot AZnEOY ST HEHD
' precursor ©]-2-0] fragmentation® spectrumS A|F
she] el gz AR FHo] Al

GCE o|&s AZFEAMR olzst WHde
(Electron Ionization)¥} CI(Chemical Ionization)7} A&
I 3tk Ele B4Wdel AAE ]88t radical
cationg FAstA o]23} Al7l= YHOE 2 ol
3t &7 AFAPLR 7P dE AR EE ol W
Mot} CIE reagent gasE ©]-23} A|713F o]Eo] ThA|
AW ¥3-E doA ojdtE = WHOoE Bl o
H] o]23} &&o] Yty Ele= 2493 0|23 wyoz
fragmentation®] @Wo] Yolu REXFS FRIH7] o

*+ ZA$7F & Wb CI= fragmentation®] @ Yo
7] el iR e ARE Flst=d 7
a7,

GC-MSMS A2 E43 matrixollAe] AE)4d 3l
I Fujg E40] Jbsdttke HolA &ehRbgA #

HED AFoA s AF7F AAEI Jdoh A
t} DRES(Defensce Research Establishment Suffield)2]
D’Agostino® ol A= GC-TSQE ©]-&3te] B33 matrix
3+9] 30~70 ppb FE2] soman, sarin, sulfur mustard

3}s} -84 E34HES SRM(Selective Reaction
Momitoring) H'H-S &-8-8he] Ao, Fredrikson
oAM= 2AZEA9] EaiE methylphosphonic
acid7} X3 87 A8 g AYAAEZE negative CI &
AWS E3 SRM BAS ek pprewe] FAo]
7Fede st A T ECBC(Edgewood Chemical and
Bological Center)®] Rohrbaugh ¥-& GC-TSQE ©] &3
EI®} CI9 product scan EAHE E3f AF2 84 &
) AH2-21 methylphosphonic acidS-& 43} tHt,

B Ao A= OPCWOll A primary #24] Wyoz A
A3+ GC-MS/MS CI product ion scan ®'H-S OPCW
= Aol FE&Fomn dA SAA ] ek
A AFe T 7ed] F&4S A} 3T

e

2. & #

2.1 Material

GC-TSQ CI BAd|&= A 323 OPCW £HE A|PS
QA A= Vertoxoll A AZ® F7IAE 321, 322, 323
I EAE 324, 325, 326% GC-MSD #4& 53}
blank A 52 FR1¥ 3237 3245 A LS 459 Als
7F AFEE AT 2 AEE WAE] HHe RS 91380
AP A5 s FHoll AAE Wy wet e gl
< Foagen, 93 AAE AAIg Sl o
g &Il Hol =AZE B A8 E FEIAT-

Alge]l HAAgl 2 B AL8-F  dichloromethane,
ethyl acetate, n-hexane, acetonitrile> Merck 2] GC
grade AIFS AFESIYTE 0.2 N hydrochloric methanol
2 Sigma AldrichA}2] 1.25M hydrochloric methanol(GC
derivative grade)S 3|43} Al8-3tATh FEAAE 9
3+ magnessium sulfate(97.5%)= 238t AES AL
9tk SRE Millipore®] Milli-QE ©]-83t9 A%
StAth A5 [AA2]E $1$F SPE(Solid Phase Extraction)
cartridge® SupelcoA}e] SCX, SAX, Cl18, LC-Si7} A&
HAtk GC A& g A3} Ao 2 SupelcoAt
9] BSTFA(N,O-Bis-(trimethysilyl) tri-fluoroacetamide,
99.0+%)9} Sigma AldrichAF2] MTBSTFA(N-Methyl-N-
(¢-butyldimethylsilyl) trifluoro-acetamide, 97%)E A3}
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G, W23}t Aokl diazomethane>

Azsel ASRT vla 2

=
oko]
1w

AP AHA
3t reference Al
dipropylaminoethanol, N-isopropyl-N-propylamino-
ethanol, diethyl N-ethyl-N-methylphosphoramidate, diethyl
N,N-diethyl-phosphoramidate, diisopropyl methyl-
phosphonate-d;(DIMP-d;)& A A 2H st
AHE3FR e 3.3-dimethyl-2-butanol(98%),  pinacolyl
methylphosphonate(PMPA, 97%)- Sigma AldrichA} A&
£, diethyl phosphite(98%)-2 Fluka |3 AFE-3}T)

2.2 &yl o 24 x7
AFE-E ¥ AgilentAF2] 7800 GC7F F3HE 7000
Triple Quadrupole & ##417|7} AHE-= ATt
GC ZEo 2= 30 m x 0.25 mm idE
A7} 025 ym$] HP-5MSUI(Agilent) S AH&-3} 41T}

) 2 T
Zkn AEF

Axg A7 E4S 93 GC 21L& 271 40 C
1 &, $2 10 C/min, HFLE 280C 5 o= &4

S 33} A T Injection splitless modeZ A SFA L
purge times 0.75 minS.Z2 E2A3} ).

A4S g A7) 21L& quadrupole 150 T,
A&

ion source 230 C Z1Z]3 reagent gasZ methaneS-

sttt

2.3 ANE HXE

A& Z*J2]= SOP(Standard Operation Procedure)E
7o g gl A5 ot 718w Alg] sl Fig 1
] flow chartol] we} AAH3ATH

nic sample)

silylst Thiolation (Clean-up
(BSTFA) oaesiy) \Giics gl MTBSTFA

| 32%C | 32XD || 32XE | 32XF || 32XG

32X
(Aqueous sample)

32xoM [ | 32xes 32xeM || 32xGs 32XH

1. Sample preparation flow chart (top) organic
sample (bottom) water sample

32XA |

(= ity

3 Organic
%5

(BSTFA)

32xam | | 32xes

Fig.

¥ XT OPCWOllA Hoidt A|ZHEE f7A8EE 1~3, BAIEE 4
SCEREEDE
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2.3.1 #7IN=
2.3.1.1 AYHEM(32XA)
F7INBAAE A2 flol &% FHste 48t
Ak

2.3.1.2 BSTFAE 0|&¢t Silyl=H32XBS)
%7]/\]13_ 0.1 mLE 3} BSTFA 0.05 mLE
% 60 CTollA TMS(trimethylsilyl) =43} #-3-2 A
ﬁt}.
2.3.1.3 Diazomethane2 0|&%t methylst
(32X0)
0.1 mLe 7IA8° diazomethane®] FE&H ether

L4 02 mLE 713 & 308259 A2 methyl
A8t vk AAIS & ZAE ]8435t 0.1 mL
2 T3

2.3.1.4 Thiolation(32XD)

0.1 mLe] F7]A5°] n-BuSH/acetone &4(BuSH 5
mg / 1 mL o}l E) 0.1 mLE FY3kaL 3087 vk
71 & AAE ol&3lY 01 mLE T3k

2.3.1.5 Silica gelg ol&st ™MA2|(32XE)

100 mg9] silica gel®] Y= LC-Si 1 mL cartn'dge
ol hexane 2.0 mLE £&]A]# conditionings 3+ & &
7IA1E 0.2 mLE loadingd}3l hexane 2.0 mL, dichloro-
methane 0.5 mLEZ Ao+ & 1.0 mL2| acetonel Z &

E3M9tE dojR fAL HAE o83t 01 mLE
FZ3 A
2.3.1.6 ACN FZ(32XF)

%7]*13 0.2 mLE acetonitrile 0.2 mLEZ F ¥ F&
3k & hydrocarbon2 A A3}7] 181 hexane 0.2 mLZ
Al W AT DolR acetonitrile FHL FALE o]&
3te] 0.05 mLZ 553 F 0.1 mLe] dichloromethaneS-
A7rskaeh

2.3.1.7 ACN F&F MTBSTFAE 0[|&%t Silylst
(32X@Q)

fF71AE 03 mLE #3} acetonitrile 0.2 mLE F

H hydrocarbons A A3}7] $13}e] hexane

329 &



GC-TSQ CI EAWS o] &3k #3232} OPCW <

02 mLEZ F ¥ HAA. AR acetonitrile &> 2
25 o839 002 mLE FFT F 008 mLY
dichloromethane2 A7} &, MTBSTFA 0.1 mLE 3}
370 ColA 2 A)ZF E<F TBDMS(ret-butyldimethyl-
silyl) Fr=A3} vhe-& Al

2.3.1.8 MTBSTFAZ 0|23t Silyl&H32XHS)
$7]A18 0.1 mLo] MTBSTFA 0.1 mLE 3713 &
70 ColA 2 A7t Z<F TBDMS3} W& AA)3k%th

2.3.1.9 7T F=F SCXHe[(32XKS)
717 F 0.3 mLo] 0.2 N9 acidic methanol 0.03 mL
E 7 3 5575 07 mLE FE3F3L hexane 0.2
mLE A JA] hydrocarbonES A ASIHTE FE3
SAF2  methanol 1.0 mL9} FHFF 20 mLE
preconditioning® SCXE SZAIZl ¥ 1.0 mLe] S/
¢} 1.0 mL2] methanolZ 2 o}F & acidic methanol 1.0
mLE o]&3te] §&3th dojR S ALE o
83l 1% A1Z1F BSTFA 0.07 mL9} ethyl acetate

0.08 mLE H7}ete] 60TCA 30 &7+ w-8-& s}
Atk
2.3.2 AR

2.3.2.1 A= & methyl=H32XAM)

EAR 1.0 mLE ZAZ AZ AIZIE 02 N acidic
methanol 0.1 mL$} 0.5 mL diazomethane ether 84S
Yy ALox 30 B3F ¥kgE & AAE 0.1 mL7FA|
FZ3 A

2.3.2.2 1A= = Silyl(BSTFA) FE=xIEH32XBS)

EAE 1.0 mLE FAE AZ AIZ1$ BSTFA 0.1 mL

9} 0.05 mL2] ethyl acetateE 23l 60 ColA 30 £3+
A1 T

2.3.2.3 #7180 F&(32X0C)

1.0 mLe] EAIEE  diethyl ether Tr= dichloro-
methane 0.5 mLE F ¥ FZ3 ¥ diethyl ether TS
magnesium sulfates ©]-&3t] FES AAstT Hi
o] &3t 0.1 mL7tA| FE3HTh

it m[

2.3.2.4 SAX XME| & methyl F=ASH32XDM)
SAX cartridgeE methanol 1.0 mL9} ZF5 2.0 mLE

©]-8-3}] preconditioning®t & EA|E 1.0 mLE loading

3ttt Loadingdh cartridges %F<° 1.0 mLS} methanol
1.0 mLEZ 2ojE ¥ 02 N acidic methanolZ &3+
% 0.1 mL7FA] &33}al diazomethane ether &< 0.5

mLE ¥i A 30 B3 ¥ESAI712 0.1 mL7HA
Ar2 FEIQ,
2.3.2.5 SAX X2| = Silyl F=AM=H32XES)

SAX cartridgeZ methanol 1.0 mL9} S5F4 2.0 mL
£ ©o]83}Y preconditioningdr ¥ EAIE 1.0 mLE
loading®}At}. Loading3t cartridge= 7<= 1.0 mL$}
methanol 1.0 mLZ A o]&F ¥ 0.2 N acidic methanol 2
223 & Ase 7AFA|7]3 BSTFA 0.1 mL9} ethyl
acetate 0.15 mLE 93l 60 ColA 30 ¥+ wHEA 7t

2.3.2.6 SCX XMzl & methyl REAMEH3I2XFM)
SCX cartridgeE methanol 1.0 mL9} S5F4 2.0 mL
£ ©]83}4 preconditioningdt ¥ EAIE 1.0 mLE
loading3}t}. Loading3} cartridges= ZF< 1.0 mL$}
methanol 1.0 mLZ 2 o}F & 0.2 N acidic methanol 2
€33 & 0.1 mL7MA] %33 diazomethane ether &
o 0.5 mLE ¥l AL0A 30 E7F ¥-A]7]AL 0.1

mL7A AAE EEsh

2.3.2.7 SCX Az| & Silyl R=AEH32XGS)
SCX cartridgeE methanol 1.0 mL9} S5 2.0 mL
£ ©]83}4 preconditioningdt ¥ EAIE 1.0 mLE
loading3}t}. Loading3} cartridges= ZF< 1.0 mL$}
methanol 1.0 mLZ A o]F ¥ 0.2 N acidic methanol 2
£33 % P42 72473 BSTFA 0.1 mLS} ethyl

acetate 0.15 mLE 93 60 CTAA 30 £+ v+-SA| AT

2.3.2.8 C18 A2|(32XH)

C18 cartridgeZ methanol 1.0 mL9} SF4 2.0 mLE
©]-8-3}o preconditioning$t ¥ EA|F 1.0 mLE loading
3t Loading$t cartridge™= 5F4 1.0 mLZ A&
T acetoneL 2 SEFAF|L ZAAE 0.1 mL7HA F

.

2.3.2.9 Thiolation(32X3)
EAE 1.0 mLE FH3stY @4FS ©]&, pH 2022
Z73% % 0.1 mLe] 3,4-dimercaptotoluene acetone -2-<4
S a1 AL A 1087 vH-S-AZTE HES-E-S hexane

1.0 mLE %3 % 0.15 mLE =39tk

AL e 7188 R A7 A6E(20143 12€9) /831



2.3.2.10 LC-MS/MSZE o|=2st 2™EM(S32XL)
A=A glo]l 1.0 mLe] EA8E FH3te] LC/MSMS
2 B30

3. Zut 3 nF

3.1 32172

RINEE HES FEA glo] E43AY gRky
whHel trimethylsilyl?| 2 S EA|3lete] 48 A9
t’d=4 chromatogram®] RT(Retention Time)©| matrix
9] dodecaneol v} EFER EFHE WIE IGHEC
chromatogram¥} A &2 21e @A Aok
oo A|EZ acetonitrileE FZ3 & MTBSTFAZS 9|
43}o]  tributyldimethylsilyl 7] 2§ =A3} Ao ZH
thAHE-A chromatogram®] RT7} matrixth o] Wl &2 2
PGS HolUEE A =3} thFig. 2).

Abundance TIC: 11022-05.DWdata.ms

12.75
mmuzi
12,931

100000f \ A .

Time-->12.00 12,10 12:20 12.30 12,40 12:50 12.60 12.70 12:80 12190 13.00 13.10 13.20 13.30 13.40 13.50 13.60 13.70 13.80 13.90

Fig. 2. GC-MSD TIC of S321G1

224 A3} diisopropylaminoethanol®} N-isopropyl-N-
propyl aminoethanol®] spiking o] A= ALZE {5
He peaks &8kl ot Fig 204 He upel 2ol
A3 EAlSE WAEHERZ U3 HES vlojE Y
o= ojgfgo] AUk olol Hsl= tiFEH
gk JeAdS EoF7] flste] A8 S321G1S AR
GC-MSD& o]-&3}e] CI £41-& 4], ZE X}l proton
o] A%E [M+H]'Y EAF m/z 2602] peak’} MS/MS
S sl S8 2712 JehdS Rty
o]Z GC-TSQ CIEA 9] precursor ion®. 2 -8 product
ion scan A& HAISATE 1 A matrix 2] =3
E4o] AAE 71%3 TIC(Total Ton Chromatography)=-
Ae 5 AATKFig. 29} Fig. 3(b) vlw).
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103 +CITIC Product lon CID@15.0 (" > =) 51024-07.d
25 (a)
2
15
1
05 ,..,.J\%A 1263
s

X104 =Cl TIC Product lon CID@15.0 (* > =) 51024-08.d

1312
12.98°
25 1282 (b)
2
15:
! 13 a
0% o1 121122403 1267 /\%\9 1530 1554

104 +CITIC Product lon CID@15.0 (* > ™) 51024-09.d
1282

2 ©
+
3
2
L 1
1224 480 1529 1553
X104 +CI TIC Product lon CID@15.0 (* - =) 51024-10.4
2% (@

4880

T2 122 124 126 128 13 132 134 136 138 14_ 142 144 146 148 15 152 1564 156 158
Counts vs. Acquisition Time (min)

Fig. 3. TIC (a) Blank sample (b) S321G sample (c)
Reference(diisopropylamino ethanol-TBDMS
derivative) (d) Reference(N-isopropyl-N-propyl
aminoethanol-TBDMS derivative)

321289 product ion scan TICOA 37§<] peakS
31e 4= d=d C19] ZE Aol proton©] AFE o]
< precursorZ ©]-83F9 3 RT7F ALl fABIt= AL
ZHRE A Ay EZo AR Fdsive 28S
= = AUk Al 0] peake] product scan spectrum
< Fig. 4914 B+ vk} o] mlg- FARIA

X102 [+Cl Product lon (1282 min) CID@15.0 (260 -> ™) 51024-08.D
1 128

08 8

06 4
260

“

o A uih
X102 [+Cl Product lon (12.98 min) CID@15.0 (260 -> *) 51024-08.D

s

100
|
102 [+Cl Product lon (13.12 min) CID@15.0 (260 -> ™) 51024-08.D

u
0.2 43
i

114 260
o

p
s 122 %Fx
‘ [ - I

30 40 50 60 70 8 90 100 10 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260 270 280
Counts (%) vs. Mess-to-Cherge (m/z)

02 57

Fig. 4. Product scan spectra (top) N-isopropyl-N-propyl-
aminoethanol-TBDMS derivative (center) dipropyl-
aminoethanol-TBDMS  derivative  (bottom) N-
ethyl-N-butyl-aminoethanol-TBDMS derivative



GC-TSQ CI EAWS o] &3k #3232} OPCW <

BAFe elee W £52 371 Aa A4
EZ2L nitrogen©l| ethyl, butyl”]7} ZE= A} methyl,
pentyl7]7} A%E A2 HASI ) Fig. 49] spectra
£ A8 vlwsl] B (bottom)2] 7-$- (top), (center)S]
78t 28 miz 729 miz 579] o] EFHo| 3=

A& A & 4 d=d Fig 59 2| fragmentation
AL EaA ethylT butylo] X13H7] A o G o]
Fol QAR Aoz 1Y 4tk

S OTBDMS - OTBDMS
CyiH5NOSi CoHANOSI
3 1471330 d
miz: 259.23 o
e S &l B S O
CaHiN" CrHigN® o' CrHiN®
miz: 128.14 miz: 114.13 e 19814 miz:114.13
/ /N .
. CqHioN* CgHg" CsHiN*
ﬁiHééNm mz:7208 Wz 5707 miz: 86.10

Fig. 5. Fragmentation pathway (left) N-isopropyl-N-
propylamino-ethanol-TBDMS  derivative  (right)
N-butyl-N—-ethylaminoethanol-TBDMS derivative

th3E 2] dialkyl aminoethnaol®] TBDMS -

A BEEL heterolytic cleavageol] 23l O-TBDMS7]7}
"ojz Ur}b nitronium  ©]&°] AFEC AALE
nitronium ©]-2 F 7}A] fragmentation®] 7}&gHd| o
Al 3+ W heterolytic cleavage?} LojUA alkyl o]
o] YAH= A F4& o]lFE FWS hetreolytic
cleavage”} €y M ZE nitronium ©]-2°] A==

73-F-olthFig. 6).

A
oo

o g

"
R, C . R
AYN/\/OTBDMS - . ijiﬁj 3

Rp=C \ A Ry=C
R3 R3 R+

el — kg
Ry = propyl. isopropy, ethyl T
Ry= CH3CHy, CH3, CH3CH,CH,

Rs=H, CHg, H

Fig. 6. Fragment mechanism of Nitronium ion

’47] fragmentation®] W= nitrogen?} AFE ]
= 7hel alkylZ]7} propyl TEE isopropylS] %‘-?‘oﬂ
m/z 869 propyl nitronium ion®] A== H]3|
Me alkyl7]7} ethyl®} butyl”]¥ 7d$-9l+= butyl”]

e FIF

7} @A YIF miz 729] ethyl nitronium ©]-2°] A4
HAY m/z 579 butyl Fole] YEPGER o] 7 H
W& 22 N-butyl-N-ethyl-amionoethanol -8 #+etgh
T AA

3.2 322A=7

302X 7] B9 silica gel2 ©]Fo1z SPEQ! LC-Si
E o]g3le] HAF Al S322E5E GC-MSD EI £4
A9 library searchE F3}4] 3,3-dimethyl-2-butanol-S
Egelnr Y-S A 4 AJTh 3,3-dimethyl-2-
butanol> GC-MSD CI&4 ZA¥ gukgo] w27
dojup BEATL spectrumol]  UEREA] ol o] E
precursor ion® 2 o] &% F gtk Al g5 W&
A3 WA= 3,3-dimethyl-2-butyl %0]-2-2 precursor
ion® 2 o] &3s}o] product ion scan A1 HAEAE
9], reference}2] 423 RT spectrum©] A
2 IAFE RIS P‘ﬁi o|2RH g Edo] 33-
dimethyl-2-butanol S & 4= AATKFig. 7(a)).

%105 [+C1 TIC Product lon CID@2.0 (++ —> =) 51024-05.0 <10 2 +4C1 Product lon (3,40 min) CID@4.0 (85,00
n 340 4310
0 8 )
s e (a
2
0.4 5720 85,20
1 0.2 -
o o, | |
%105 +C1 TIC Product lon CID@6,0 (++ => ++) 51024-06.d 4102 [+CI Product lon (3,39 min) CID@4.0 (85,00
3 338 1 4310
08
2 06
g 0.4 5700 85,20
| 0.2 .
~ o i ! |
31 32 33 36 37 38 30 10 50, 60 70 80 g0 100

Bantsxa, Acausiton Time () Counts (%) vs. Mass~to-Charge (m/z)

4104 +C1 TIC Product lon CID@S.0 (++ => +) 51021-04.d 4102 +Cl Product lon (6,37 min) CID@6.0 (139.0
57 1 83,00
6.37
j 08 o (b)
5 06
2 o 139.10
1 \ 02 .
o '
%10 ¢ [+CI TIC Product lon CID@6.0 (++ —> ++) 51022-15.d 4102 [+CI Product lon (6,36 min) CID@6.0 (139.0
5. 6.36 1
4 08
- 06 111,10
2 0.4
139.20
1 02 ‘
.
o '
56 58 6 62 72 74 10 60 80 100 120 110
Counts Ve Actuison Ting (i) Counts (%) vs, Mass—to-Charge (m/2)

X104 +C1 TIC Product lon CID@11.0 (++ => +) 51021-06.D %102 *Cl Product lon (10,13 min) CID@11.0 (196

4 10,14 1 149,20
3 08 11210 (C)
2 “ 1920 o620
0.4
! 02 "
0l .
%104 [+C1 TIC Product lon CID@T1.0 (++ -> ++) 51023-02.0 %102 |*CI Product lon (10.12 min) CID@11.0 (196
5 10.12 1
. gz 11210 6820
0.4 196,20
1 02 -
ol L L |
96 9.8 10 10,2 104, 10.6 100 120 110 1680 180

200
Counts vs, Acauisition Time (min) Counts (%) vs, Mass~to-Charge (m/2)

Fig. 7. Comparative analysis results of 322 sample and
reference (a) S322E5 and 3,3-dimethyl-2-butanol
(b) S322F5 and diethyl phosphite (c) S322F5
and diethyl N—ethyl-N-methylphosphoramidate
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32AEE  acetonitriles  ©]&3te] FAIG AEQ
S322F59] GC-MSD EI E-A4jell 4% diethyl phosphite2}
diethyl N-ethyl-N-methylphosphoramidate3- 218 4= 3}
Atk Product ion scan #4312 9J3)A] precursor iono.
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