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Mass spectrum analysis and elemental composition identification of partial
natural products in essential oil of Chinese Kushui rose

ZHOU Wei*, ZHANG Ya-Heng, ZHOU Xiao-Ping
(Gansu Entry-Exit Inspection & Quarantine Bureau, Lanzhou 730020, China)
Abstract: In this study the mass spectrum of components flowing out together in chromatography and n-alkanes
difficult to identify in natural rose essential oil were analyzed by a GC-MS with modest resolution quadrupoles. The
MSIntegrity™ technology of MassWorks software developed by Cerno Bioscience can increase 100 times mass

accuracy of modest resolution typical of quads, the mass accuracy can achieve 5 ppm. Calibrated Line-shape Isotope

Profile Search (CLIPS) identified molecular formula accurately by the spectral accuracy matching.

Key words: MassWorks; rose essential oil; natural products; elemental composition identification
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molecular ion peak (m/z 154.1420) with mono isotope

value showed by MassWorks software
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Fig.11 The mass spectrum (centroid) of component
with retention time of 93.85-94.2 min in essential
oil of Chinese Kushui rose
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1 SEIGERS

1.1 XE5RF

GC/MS( Agilent /A F] 6890N/5973 MSD, Agilent MSD ChemStation D.01. 00 SDK) ; EI &Fi, HF
it 70 eV ; fAiEAE (HP-5MS, 5% Phenyl Methyl Siloxane, 30. 0 m x250 wm x0. 25 wm) ; Z#K% ( Da-
ta acquisition) ;: Raw scan; BI{H (Threshold) : 0; F14## % (Sampling rate) : 2°2( A/D ¥R 4). &H
20 °C/min

/min

. . C
Wikl m/z 100 ~ 400. AL 60 °C (0.5 min) 200 °C (0.5 min) ——2"™,260 °C (0.5 min)

25 C/min N N
22980 C (10 min) 3 MEREIT: 250 C; MS Quad: 150 °C; MS Ji: 230 C.

PRGHRFE . MR | TN R | 35 L NEOR . KRG K 2 ,4-D W ER R 2B 34 7E 98% LU I (K br
HEYI BTGy, Je R/ IR %, W5 2 min, HINERE 2, BCHR A 50 me/kg MYTR G5 HEW K
#H.

1.2 SMRRIEERESL

TEAE B REERT, BB ST PFTBA B IES T MassWorks 2 IE0 . ZEAR A, (K& OIS
HAH M LT 2R S BN T — 3 AT IR ETTIF PFTBA 95381« 0. 20 min K &
FTHF, 1.2 min B SEH]. 5E Solvent Delay "4 0 min; ¥ E Injection source i Manual ; YEEEAEFE R F+
M, BATETEEN 1.5 min, SEEEAUIERE T2, 00 OR300 Dk p s 6o 3 A s il i 2

2 HRS5WiL

2.1 REBHFENNZE

I MassWorks FTFHFRE S 602 T KL, LA 2,4-D HIER A OR BE B[R] SR Rl £ 5 0. 05 min B[R] 75 1,
TR FER, L MassWorks I 22 A9 85 B 50 & A 36 0E, LLES T HL 7 400 ( Charge ) A 1, iR 2% ( Mass
tolerance) 4 0.2, C, H, O, N, S, P, F, Cl & Br AR & A MITE, #: 2,4-D HEE HERZ W95+
K. R FHARE S T2 6000 DL, ARMEXT BARY EIE 953 F XA 7300, A MassWorks %
XS SR B B — G A A Tk W AT A E TSR, PTLAGRAS 2, 4-D W fig H Ax 25 9 0K B 5T & 50h
233.9720, SENSHIHER T EIRZE N 0.013. T MassWorks 1T LA A Hb 3 5 B4 43 B 0 3% 1) o 1
K (IR T0.02) , RIKBEGE FiEIRZE N 0. 02, VARRERTTZ A B 40, HEM 2,4-D IS HFR2Y
Yty F2, AT LA s R v TR BN R 116 A4S, AR AE I S AR R R ) 40 X B e BE
AZEIN 116 o3P HER IR B AR 520, MEEEISRIR K.
2.2 RHBGHFRHEFHIRZ

MassWorks 7 Bl T B o i 20 P I 22 E AR RS 1 i, FL AT DAt — 25 S8 H AR o 1200
HERRTEUN. R MassWorks [Flf R IEIE K IE R R B (CLIPs) |, i [Ff R P A BT RC IR, & — Lk
BEREE AT B S T ] 5 IS () B AR RS E B 1], A BT DS ORI 09 25X i
HEIER BERYI TR AEE R, IR T R A H Frek o ZA M ETS], SC8l B A 720
ERRIRA). B 1 R 1 3458 MassWorks HERR LB Y
2,4-D R4 T UM 85 3, Wbl i iR 2 HE )y,
2,4-DHEE 0. 013 iR 2E HARBHEFERT 20 f 55+
K 15 67, Hl T 2,4-D PEERY R A7 B IETE 5
AR B AR (RS IE R ZR T AR B e K, 3K

70
60
50
40 -
30

Relative abundance(%)
230.9890

20 HE 2 SFaR

5] 97.36% , HAERH 116 MEESTRIE (L, 2 1o [ 23 Z 252
HASIREREEY 5 F WIS ohey/ - I Nenanang
231 232 233 234 235 236 237 238 239 240 241 242 243

e, ITSEsl 1 B A4 4+ B s o). >4 iz
PR BXTH M T HE S T B 5 % BOGig 4 Fig.1 Accurate mass measurement of
AR TFB i — s n st 4. pesticide 2 ,4-D methyl ester
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Table 1 Accurate elemental composition measurement for pesticide 2 ,4-D methyl ester
Entry Formula Mono isotope Mass error/mDa Mass error/ppm Spectral accuracy RMSE“ DBE?
1 CoHg05Cp 233.985 13.0495 55.774 97.3613 52 5
2 C,H,O0;N,Cp, 233.9599 -12.1026 -51.7266 97.2492 54 6
3 CeH 0,N,Cpy 233.9711 -0.8692 -3.7149 97.225 55 6
4 CsH,ONgCp 233.9824 10.3642 44.2968 97.1737 56 6
5 C;0NgCpp 233.9572 -14.7879 -63.2038 96.5571 68 7
6 Cy HyN, Gy, 233.9752 3.1536 13.4784 96.5414 68 10
7 C,NCpp 233.9684 —3.5545 -15.1921 96.4267 70 7
8 C,H,0C), 233.9639 -8.0798 —34.5333 96.3402 72 10
9 CsHz0,Cp 233.9698 -2.2066 -9.431 95.9026 81 1
10 C4H3O5N, Cpy 233.981 9.0268 38.5807 95.7884 83 1
11 C,H 05N, Cpp 233.9559 -16.1253 -68.9199 94.9464 100 2
12 CH,O,N¢Cp, 233.9671 -4.8919 -20.9082 94.7959 103 2
13 H,0;N;Cp, 233.9783 6.3415 27.1035 94.6367 106 2
14 C,H,,04Cy, 233.9909 18.9228 80. 8763 93.919 120 -4
15 CHz 04 Cy, 233.9545 -17.4627 -74.636 93.1539 135 -3
16 HgO4N, Cpp 233.9658 -6.2293 —26.6243 92.9994 138 -3
17 H,0,,Cl 233.9626 -9.3966 -40.1612 79.3055 408 -3
18 C,H; 06N, Cl 233.9527 -19.2926 —82.4568 78.7004 420 2
19 CH; 04N, Cl 233.9639 -8.0592 —34.4451 78.5856 422 2
20 C4H;0,Cl 233.9779 5.8595 25.0437 78.556 423 1

a. RMSE is the root mean squared error between the calibrated spectrum and the theoretical spectrum; b. DBE is double bond equivalents.

2.3 HEBHRKRARIRS

K IR I T 5 A AE ) Bt I B I FRORG B 401 SMOT R S T RO, RS A
O IE B DR BA BRI ZE 9 ~ 19 min Z (8], 435 S A5 M L (S/N) 43 BIHE 150 ~400 J 50 ~300 Z[A]. >k H
[ 5, MassWorks #0¢F T fERf b iR 1) 5 > B HL3%E B B bRk 25 G B B it 3%, 4351 4 281. 8187,
215.0811, 166. 0867, 311. 1530 } 364. 1576, FFill{b5H)4E MassWorks AR FTIRE5 R WL 2, 6 Fi B A%
VIR TC R AR S5 RN e R A 55 —r, Ik H BRA 24 v o B 50 S e 28 A A 34945 38 o 1 1y
. BEE TR i MOTR ARG B, TEARZuWs N IR 2 Z) Mkt ALY 5 A €15 05 BT Xo) i
PIALE AT, BT SEOR | 35 K, SR | PIREE (R ol T R ) Fimkdi 22 (1 2).

Table 2 Accurate elemental composition measurement for six pesticides

Formula tg/min  Rank * Accurate mass Mono isotope  Mass error/mDa Mass error/ppm  Spectral accuracy ~RMSE DBE
CyHg05Cl, 8.45 1 233.9850 233.9720 13.0495 55.774 97.3613 52 5
CeClg 9.12 1 281.8131 281.8187 -5.5837 -19.8132 98.9807 149 4
CgH, NsCl 9.34 1 215.0938 215.0811 12.6732 58.9228 98.9003 40 4
CeHoNg 9.59 1 166. 0967 166. 0867 9.9944 60. 1755 98.7926 608 5
Cy7H, 0, CIN 13.34 1 311.1652 311.1530 12.2068 39.2308 96.5423 26 5
CioHysON,CIS  18.97 1 364.1376 364. 1576 -19.9882 —54.8888 95.7317 68 8

# The rank of the elemental formula for six pesticides based on their spectral accuracy.

S~ ¢l
P o e
T A
Yo 0 HN” N “NH

Cl

Chemical formula: CisH2sCIN,OS
Exact mass: 364.1376

Chemical formula: Ci;H2CINO;
Exact mass: 311.1652

Chemical formula: CsH;4CINs
Exact mass: 215.0938

Pyridaben Pretilachlor Atrazine
Cl
Cl Cl N HN%] (¢}
H:N
> oMy
al cl AN /@i
cl NH, a Cl

Chemical formula: CsCls
Exact mass: 281.8131
Hexachlorobenzene

Fig. 2

Chemical formula: CsH1oNe
Exact mass: 166.0967
Cyromazine

Chemical structure of six pesticides

Chemical formula: CsHsCl1,0;
Exact mass: 233.985
2.4-D Methyl ester
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AT, 6 D42 MassWorks A 8 i 1 405 HHLS oy F 8 1% 224301 0. 0130495, - 0. 0055837,
0.0126732, 0.0099944 , 0. 0122068 } - 0.0199882. {HSF EAIE, X T 1, =13. 34 min ZbMY (5 IE,
TEARZGIEWE N, Ko M =311. 1530, JCRARN C,, HysO,CIN HAEFIEE Ny 5 Jr Xt b 19 v] fig A4
R R G SR AR N BN T RN, 5 o BB A A, AR A ST B A SO R A AL, MassWorks
TCHESE N ) 53 S R R g HEAfR TR
2.4 ERERBESBENEROZM

XM G, FERIEMELL (S/N) 8%, W0 09 5T SokG B2 Bk 22, DA 205 V0 o 1k B AR )
MITCER A AT R RIME. PAFR 2 K3 3 vh B4l vl LU H AN [R5 10 1] 00 17 W b ko JFL J5 20 4 B8 1) 52 )
VEEUY 6 MEAYIH S/N BARAI N 32.1 (1, =9.34 min) , i N 296.9 (1, =9.59 min), K Mass-
Works I J FRRE Bt S EEB0R 22 70 3010 58. 9228 x 10 ° 11 60. 1755 x 10 ¢, BHITE R 2 —F S/N EoR)5
(Il R S/N>10) , NG YRR R 2 5H S/N K/NRITEW R R, e Gy S
SERSFRAEPE Y. T ¢, =9. 59 min IRV AR 24 19 T B R 22 (60. 1755 x 10 7°) | R IE FI3ELE 5 K] Y T
Fici5% 22 (RMSE =608 ) ¥fe i, W AE T HAGE /> B A E 4 (VB 1§, Z3 B R = 0. 15) 1 ASRE7E 42
SrES AL G Y R R W 2 (A L, DA 5 M [m] 437 22 W TR IC A E 45 SR A M 2 (151 3)

Table 3 Chromatographic peak parameters of six pesticides

Ton fragment, m/z

Pesticide tg/min S/N Peak type { 5 3 4 5 6 7
2,4-D Methyl ester 8.45 52.1 BB 199 175 166 145 133 111
Hexachlorobenzene 9.12 181.7 BB 249 214 177 142
Atrazine BB9. 34 32.1 200 173 125 104
Cyromazine 9.59 296.9 VB 151 138 123 109
Pretilachlor 13.34 78.7 BB 282 262 238 225 202 176 162
Pyridaben BB18.97 89.9 309 207 147

#* B means the peak start or stop from the base line; V means the peak start or stop from a peak valley.

~ (A) — B) ~

§ 40 - &\c/ 70 é

8 g 60 - § =

g g 50| g =

% E g

2 = 40 e

£ °

< bl 30 L —

8 g = o = = =

k= Z20F 2 s 2 g g

—_ = o ~ S == )

S 20 g S 22 g
0 1 1 1 1 1 1 1 1 1 1 0 — 1 1 1 bare: =y —

94 95 96 97 98 99 10.010.1 10.2 10.3 104 163 164 165 166 167 168 169 170
mlz mlz

Fig.3 Mass-scan chromatogram of cyromazine(A, ¢, =9.59 min) and
its accurate mass measurement(B)

2.5 HiEERERERMLEER

SR T NISTO2 8 I ZE XA SR ) 6 A4 245 B i (5 B AT A R, S5 R A, BR7S SR 00 DL e B2 ik
(39.4% ) HHEAESE —Auoh, HE 5 ANRZG 5IGIERYVTECE K TE 82. 5% ~98. 1% 2 [A], HIHETEH —
fr, Bk A AR R ICECHE. ARSI R A R BA LA 2 . ALY B e 1 (5 B R R A0
TEARHERY B 25 F (R TRERE 70 eV) T, ELUCR A 38 DT e BEARMERT 21 e ol {5 A4S R, Rl X T
RF R AR PE I B RE 1, WAZ0TEE 5 85 o3 B T xS i R E A T b Ak M kA5 s v o
ATEEXE. HFAR 520 SR NIST 335 PR 28 A0 2o o e — SR R R M A I R B, HL S i 0 5 5 T i S
i O VEBCIE 225 90% 1 87% , AUSERE A &R IF AN BEMER E 1, (HiE L 7E GC-TOF-MS b5 Y
R0 00 SR HE TG S SR T, SR DRDF 452 NIST A R 45 5 RS A AT, 43 91 % 43 S8 1 5
TIGTR I 22 y BT B P P A TS e, (BRI, Sl i D IC B2 485 5 T3 gk A 6F
KA EEAGIATHUER ik, A RADRBZ bk, oAb, BSOS hoe BB, XTF 055 B3R
FINGF TIEZEAL 3 (9 NIST K ZR A5 R IE A 40w 5 (B 707 BT BRI 0 A R 45 SR AN AT 5, NIST
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FETEE —E R R, TSR FHPRFERRIEA BEAG T IR 45
2.6 RIGHEINIEMR

KEHf BT A M =311, 1530 X0 (4 25 ] BEAG .2k [R] 53 S R 4 (%) TR B JFE R T # i, MassWorks 5 755
GBI —HE , AHRRERG B BT i 0 T R TC IR AT A T AR DR, PR DA TR R T R
e S ki R A1), LA ] MassWorks 7865 W) B % 244 T Ry S AR R] 53 S R AU 5 v 8 g 1.

SRIH 2.1 55F0 2.2 TR T, X AE R B AR AT kg 5 R N B/ TR AR Y 3R
R (W 4) 3E4T MassWorks 5 8 0t &5 80 S e 2 20 i g, 8 i Fr S 20 pOAE o i i 80, o R A &
DBE 455 8 (R 4) I BB MR ES RS, X 3k 2 AR BTk AL AT THES:, Ml
e, =9.59 min MLEW N FRE. EAARZHLIILE 5 FilE 6.

[l
60000 F (A 2 o 80000 |- (B) 5]
; < ; 70000 - T
5 s L e
5 0000 < S 60000 |
S 40000 - 8 S 50000 |-
g X g
S 30000 ~ £ 40000 |
2 S8 2 30000 |-
20000 - ¥ NN
< 0000 20T T < 20000 F S - o o
= o Q= 10000 FET— | on=3S ® oz o 0
0 L \\Hh ‘M\m\\“\ \‘ \Hlﬁ bl g ] | 0 Lzl \LI 2:2 Q@ |ﬁ glgt\]gﬂ? ﬁ% ”7 1
100 140 180 220 260 300 340 380 100 140 180 220 260 300 340 380
mlz mlz
Fig.4 GC-MS spectra of pretilachlor( A) and pyridaben(B)
Table 4 Accurate mass and elemental composition measurement for GC-EI-MS ion fragment of
pretilachlor and pyridaben
Pesticide Entry Accurate mass ~ Formula Mono isotope Mass error/mDa Mass error/ppm Spectral accuracy RMSE ~ DBE
Pyridaben( M =364 ) 2 309.0816 C;sH;sON,SCl 309.0828 1.2366 4.0009 95.6928 85 7.5
1 147.1148 C;Hjs 147.1174 2.5755 17.5066 98.7996 501 4.5
Pretilachlor(M =311) 1 262.1730 CigHy O)N 262. 1807 7.704 29.3853 99.3653 62 5.5
1 238.0978 C,;3H;;ONCI 238.0999 2.0669 8.6808 99.2462 146 5.5
1 225.0874 C,H;(ONCI 225.0920 4.6419 20.6224 98.5073 90 5.0
1 202.0966 Ci3H;sON 202. 1224 26.0033 128.6512 98. 0944 285 7.0
2 176.0981 C;;H;,ON 176. 1075 9.4391 53.6012 99. 0461 180 5.5
2 162.1225 C; HN 162. 1283 5.7745 35.6182 98.5639 393 4.5

(\O/\/ (\O/\/ I
N N N\H/\
T a )l “
0 0 Y

Chemical formula: C;;H2CINO, Chemical formula: C;sH2CINO,* Chemical formula: C;;H;,CINO*
Exact mass: 311.1652 Exact mass: 262.1802 Exact mass: 238.0993

{ N
b ’
0

Chemical formula: C12HisCINO™*  Chemical formula: C13HisNO™ Chemical formula: C;1Hi.NO* Chemical formula: Ci;HisN*
Exact mass: 225.0915 Exact mass: 202.1226 Exact mass: 176.1070 Exact mass: 162.1277

+Z=
o

4
N\H/\Cl
(0}

Fig.5 Ionization and dissociation rules of pretilachlor

+ b ooT |
N/N 0 _| I\ET\;/[O _l
| =
\;[01 - c -
S S
Chemical formula: C10H2sCIN.OS Chemical formula: C1sHi7CIN2OS Chemical formula: C11Hie
Exact mass: 364.1376 Exact mass: 309.0750 Exact mass: 147.1252

Fig.6 Ionization and dissociation rules of pyridaben
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K FH MassWorks X PR FJHe (1) JS0 3 A0 45K 0 500 o B0 S e R A R e vl 0, G e m/z 262 A4
W BT 20k 262. 1730, JTRAMCH C (H,,0,N, FihriR2:4 0. 007704, AMUFEH 5.5, HEB TS
BT, WEIR DU 5 99% L) b, W LASEWTRE A m/z 262 KRG 4546 R 4312k 5 —4>—CH, Cl 3L )5 FIris,
FEAE C = O AMEANEE IO IIES N EA o IR E. R, BEER m/z 238 MRS E Kot R4
G S5, AW 2 T ] B AR R 4 U i rh O SRR T SRR T IO E S S R R o
DT LTI I B P A R A e TR S . WA m/z 225 B DBE R 5, 2 D& TBE THH, Hot
R 45 e F H AN R T B T A A A EHEEWAMAR T N FJS Rl o B4 pg e
REF. MR m/z 202 BTERE R m/z 238 JLhith I 4 [T HHEH R 22 —A> HC J5 s e A, [
P, NE R H e F TS R R AL R A R A 5 .

M\ MassWorks I % Fi6) ik dh 2 o 135 % R 0 o e B N e R A RS SR mT A, R m/z 309 TR AL
H CsH  ON,SCL, AMEFER 7.5, InT B FEER R o Wik 25 N BT LN—C,H, 3/ Y
WIAFERE R, EBEN 18.0% , Gyt — L2 ILWERE - m/z 147, AR 4.5, H e o E
M, ARSI T, BETE S PR R &4 o Wi s (& 6).

3 F

MassWorks AJ 7E PUZAT % ( GC/MS A LC/MS) -1 5E A A4 Ao R o o e 8, 7EAR 49 L Se B
STHETIRE. ABFFE A MassWorks SE3L T 76 B /3 3R T ( GC/MS) b i 4 24 53 I RS 1 I o
¥, AR R AL IEARHAR (CLIPS) |, SCBL T X HARE A/ T M Ew RS, TS T —I5
FE AN A3 3R T R 0 A 0 A AR G R B T R AU T, T T B Ay BRI
EVERE ). TER BRI AT, ARSI R B BT R % T R A BTC TR X R R 43 SR AR i A6 G P it
FTHERARN. SR MassWorks {4 i i xof HL s F AT b — 2 O A 1 5 1 500 A e ot 28 4 i o 5
P R RS LR, DT AT SIS A A ER X 4. BARNT T GC-MS idl i 2R FH -5 v i3 e A 7 sk
2T BRI M, (B R AL S B SE S A R, XT38 H AR B AR bR 5 A 14 T 345
) S TSR T TCVE A THERA A 2%, TN TR A A B, H BT JChR IS % ] LEXT, GC-MS J¢ LC-MS
454 MassWorks AR, 7T 78 BT S0 R % b ST VRN 5 A JH01 000 RS 1 o B S e R 40 W5 7
B, $RTHFYT R T RS HER BT Y PR RE 1 KOn FHE L
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Application of Accurate Mass and Elemental Composition Determination for
Pesticides Identification Using a Unit Mass Resolution
Gas Chromatography/Mass Spectrometry

LI Xue-Sheng'*, LI Zi-Ang' , WANG Zheng-Quan', LI Wei-Jian’, PAN Can-Ping' "
(1. Department of Applied Chemistry, College of Science, China Agricultural University, Beijing 100193, China;
2. Institute of Pesticide & Environmental Toxicology, Guangxi University, Nanning 530005, China;
3. Lumiere Tech. Lid. , Beijing 100080, China)

Abstract On a unit mass resolution mass spectrometer, such as a single quadrupole MS, allowing for only
rough mass confirmation for qualitative analysis. In this study, a novel mass spectral calibration technique,
MSIntegnity ™ implemented in MassWorks™ , is introduced to externally calibrated using a unique procedure
that corrects for both mass axis and mass spectral peak shape to facilitate pesticides identification with high
mass accuracy, MS data were acquired in profile mode on a unit mass resolution single-quadrupole instrument,
even at such a unit mass resolution on a true chromatographic time scale, will now enable the elemental com-
position determination of unknown ions or ion fragments using a conventional mass spectrometer. This
identification capability is further enhanced by a uniquely accurate approach for elemental composition deter-
mination through the use of isotope distribution information, CLIPS™.

Keywords Accurate mass; Elemental composition; MassWorks software ; lon fragmentation mechanism; Pes-
ticide

(Ed.: A, G)
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Rapid Identification of Chemical Drug Mixed Illegally by MassWorks

Zhang-Zhe, L1 Wei-jian, YUAN You-rong
(BELING INSTITUTE FOR DRUG CONTROL, Begjing 100035 Lumiere Tech Ltd, Beijing 100080, China)

Abstract: To establish a new quick, accurate, sensitive method for analysing illegal chemical components added
into medicine. LC/MS profile data was acquired, and use both mass and peak shape can achieve high mass
accuracy. The isotope profile pertinent to the elemental composition, for further illegally added confirmation.
Sidenafil was found in one formulation of two. The method is rapid, selective and accurate and can be promote to
the rapid method in screening illegally added into TCM or Preparations.

Key words: illegal chemical components; MassWorks; LC/MS; accurate mass; isotope profile filtering
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Identification Quinolones Drug’ Formulas by
MassWorks Combination of Unit-Resolved Mass Spectrometry

ZHOU Wef', LI Wei-jian®
(1. Gansu Entry-Exit Inspection and Quarantine Technology Center, Lanzhou 730020, China;
2. Lumiere Tech Ltd, Beijing 100080, China

Abstract: MassWorks calibrates both the mass position and the mass spectral peak shape. We can achieve the high
mass accuracy on LC/MS by MassWorks, the mass error is less than 10 mu. Furthermore, the list of possible
formulas can be greatly shortened through the Calibrated Line-shape Isotope Profile Search(CLIPS™). So we can
exact identify the target molecular formula.

Key words: MassWorks; accurate mass; formula determination; unit mass resolution.
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Review Report - E:\Mulligan\06-25-2009\TETSR3.D\PFTBA Calibration 2.mwc 10/21/2009 11:02:07 PM
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Identification Tetramine’ Formulas by MassWorks Combination of Unit-resolved Mass Spectrometry

Li Weijian, Gong Junjie, Ouyang Weimin(Lumiere Tech Ltd ,Beijing 100080)

Abstract: This application example demonstrates that the comprehensive mass spectral calibration involving
both mass and peak shape enables formula determination on the GC/MSD system. The MassWorks™
calibration can be conveniently established using the on-board PFTBA tune standard through infusion
measurement within the same GC/MS data acquisition. While the mass accuracy achievable on the system may
not be the industry standard Sppm for all ions at different m/z values, the combination of mass accuracy and
Spectral Accuracy can indeed achieve formula determination on a real chromatographic time scale. Not only
can this formula ID capability be applied to unknown identifications where there is no available library
spectrum to compare with through conventional library search, it can also be utilized as an independent
confirmation of library search results through formula ID of either the molecular ion or its fragment ions.

Key words: MassWorksTM, accurate mass, mass spectral calibration ,Formula determination, unit mass

resolution.
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(1.4ERHEBMRAR Jk= 100080 )
(2. HRHNRRERZ/RAFL =M 730020 )

i E MassWorks™ 1A —FP#7 M6 AR EH AR, TOASEARS F1 % L) & 45 4 R
2R EAIRS B ARG T X, RSP E LA S0P Ek, KRR SIK PRk
AR A AT & 9P miE, MassWorks ™ 8RR AT A BB EH R AR S &S
Pk T RARA 6948 1. A sk MassWorks™ #9 R 32 Bt 5 & K g6 o A AT 4834

X#8iF  MassWorks 45 7 =

FIH B B AP s (57X,
XEARMY AT ENE, B2 0 T4 58 Sk,
. 25t . AR, PREERIESY . TERE . B
Ga | FTREER MR R KRR, B E
JCRAM, B EINR, ARG SRR ;
17T o T e L RE M 3 FE R BT R15, 4 « TOF,
Orbitrap B # FT ICR MS. i # B/ BEAY IR 1L
QUM AT B ), ey Fo e A L REMERR E] 0.1-
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FEAS B ot 2 000 o RN 2 [R) A7 28 0 T 1 % R
A, RS FGILIE S S B SR, FER S
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W oA AT RERME— L B 12X, AR R AT
SRR PEINRE 5 [RIRHE T S o e, Hps
YIIEw 53 F A AR R R 22 /NI 4
X, N MassWorks™ B[R R IEE [ AL IE %
AR, W] ATE A Rk 3 AR Al B HEBR 99%
BB A>3, ELESEI H AR A HErfiR
a0
1 RIEE

TERTRE Y, FUEAE AT G Rl

1
NG
Hp, o FRFETRZE (ppm); R FniESIER,
HE SCH R (m/z) BRI S A 4055 (FWHM) ;
S FRE 550 E, WAHEE RS EIET
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ARBA RREA
BRSBTS i 1) B U A
P . XA, HEshE BRI R e, A
SRy B g ) R O A AR E L

T3k, E R BB BSOS T B il A
e, WA H TSI AL IE, TSI ARE
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IR IEIF AR — R IE PREL 3l X AR
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() BT L ARG B T i 4K

2 MassWorks FESAEERIE PRI EXx FE CPBYN FE

GC/MS BEEARFE B ML 4., HEF R AL
AU A B T R, AR R AR R S I A
NIST FEigE R R BAr it et SRR RN
DLiis S BRI R i B s L VIS, Mk
SYESRURAME, SEARYZ BT TSR, A
SRV EL AN, LR 0 DT BC SR AR (L 45
THOL, LR, Sl R R e A S AR AR R AN
T k. MassWorks™ 1| FHJHAR i B 55000 5 ANk
PR RIEERIER AR, AT LFE GC/MS e Hiw
YrRE s s AL, IR K S GC/MS 1)
SEVERE ST
2.1 MassWorks™ ZEFBEE K 5 % E o IR

BEE I HT AR TG K, RARF= ARG
B SRS T A RIAR K & R, HR,
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K GC/MS R, NIST 3% PEAG 2 AT LA E PRGN K
WA . SR TAAS AR 4%, YIRS
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FHEANEF 3 E, XFAREE & eI H X ARAR 24
JEA IR R, AR NIST %%, BATRHELL
XFZ EATHER R TE, AR S A IE R AT
T ERGI AAE RO E E A A X IR A PR
F GC/MS 78T A 22 0B, 2B 114
AN TR NIST 3 75 AT -

FIFH MassWorks ™ RS B I BRI AR [R) 07 2
VB RIEDIRE, AT LA B i 0 i T A B 11
Kt e, Hxa— B e TR R,
W R F i PSR 0 it v 3 1 AR SO0 A4
X R ELAT AR ZE A0 B A Sy, A LA ALY
VERCR, M ST THELLAIK, MassWorks™ i
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BB RSy, H B KGR Je B A O S R A
FEST MR K BRI 19 5 22 KR, R
JH MassWorks™ TEF B (4 EBUéi FLU0 99% LA
1) REEEI B, S B AR RE R T R 5 X T
NIST ML X A K BENE %, MassWorks™ 3 15 %}
HArTF BT X MrER U, SCEERSEE .
2.2 MassWorks™ MIRERIEXR BT RMH
RIEFIA

GC/MS 2R Ul 4% & M5k 5 15 Y )
[ T, bRifE EPA J7 ik RERS IR L 200 Ff
WEEHSCIL A Y, Xy ik A R R,
HRAE L B B AT GC/MES i G 28 AT LA HERA R 513X
SHAMEA Y. SR, eI R Ze AR LR
AEH] EPA JriRAERILE), (UFIH GC/MS %
R R SRR R P . AR BIX T 4
bl SR A, TTRESEUER LR
AR R, BRIA TR A AN B o 1 Tk A SR Ry
FECA IR IR P o AR i A I I A
(T RETE, 58— Lo M ki T R B UE AT
W GC/MS % FEVE L f5 45 T R A FA i B 1 64 7 4
FRAGUE . FJH MassWorks™ 1] LITE GC/MS &
K BO TN BAr 12X, S3Isii 5 e
Sy LA ARG AT He e S8 R BRE TR KRS I 0
s B MassWorks™ 4K F-7E GC/MS X435
Xt 73 bR AEAL A Y (EPA J7ik3R4E ) Al 17 Rk
PRUEAL S E , 90 bGP TR iR 25 /N T
20 mDa, R F RIETEAR ERR, 81 M TRk
PR AL, ST 260, [UF 4 M T

3~5 i, Mk — 2042 m RS B GC/MS X Bt
FERNEA LS Y ) s i A fig
2.3 MassWorks™ 7 & fh % £ 5% B4 Il oh i 2
GC/MS FRTEAR 255% Bk vh A 213z i H
TZFART FIR B IR F GC/MS 3% ARG R % H b2y
Wik e, SR, MBS sCiAME, S BR
Yz BB TR, S I NIST FERERIL
BeA R, sJLRREY I PCRCRA RIS S AL, 1
ff, it GO/MS iR R E Mt & B R R A
WEtE. MR E R TP AR 2550, AT
T EAG B AN F B, s o FE BRI E B AR
K, JERS B ey oK, DX s
HErPy b T s e . o ek (an ©A A (e
Jii TOF, Orbitrap FTi{% ) &5 B 1R AR S il
FHRSAS, I B4 BIR ) L 5 RIS 56 2 1 53 A
MassWorks ™ FF G H B, W] LLTE S DU AT GC/
MS b A ERG R BT g, IR B+
K, ER—Fhadpy s, WK GC/
MSS 7B i e 4258 BA R rh o A B 24 1 e MR TIE e
J1o EW 5 W&z H MassWorks™ 7E GC/MS il
REAR 20 BRI B AN 22, 3 e 2KG i o E 1Y
WZEB/NT 10 mDa, SRR R IEIEALIER
K, 3 Fhfey K 5 R 0oy FRpk 1t
BIEE 107 5 BT 35 JG9 R TE B0dr B A o Fim:
FFRAEPERT, EibARReAR B, RH
NIST 3SR RIRMER N A4, 1ii MassWorks™
HIBEHERAIN E H AR RS 6 I T e U0 B AR
A, BARSRMPTTIREST, el LR
15 GC/MS 758 i 2 AR5 I A e £ 24 22 PERfIE 1) RE
IR

3 MassWorks™ 7EFE B IE PRI X A ey
W A3

3.1 MassWorks™ £k &4 8915 B E 20 E o
B Rz A

ZEEY N ARG, Ak G YA
iff Jo i T o R, i — 2D e iz Ak B
PSRRI, PR TRS i o3 2 00 e 2 25 40 e 1 0By
LA HATAT LA TAE 8 73 D = A 4Y
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3 PRI AN B B (1) SR ) AR AN BRAS | (SRS A
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%1 MassWorks MERZERHFRER
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e, g TS, R RS
(a Cerno Bioscience, A, CT06810, %HE
b AL TR LR A A LA E], 4L 100080 weimin_ouyang@lumtech.com.cn)

24 i T DRI R T2 KK BRI 250 10097 0B RS R 290 [N, DRI, S IR e 8 I ) A, 56T
EHUR RV — LA T D TR, X aede i, oo 2l e xRz mk. o, &I
REAB ) 2y PR Bl (% WIqTOF « FT-ICR. B Orbitrap) I 5EKG A ST 5L, AR5 1 i 1K He 2L R 1 0 2 41
We——r T30 BAE, FRAIfE B MassWorksAbFEH A, A AAEAR 2> HF 20 il Bl s KRG i i 4, ARG 454
MassWorks [Fl 7 AT 2R A, AT LUSE InuEaf I HAs 1050 72X, ARG 4 i 259 h 2% 5 (1 4 ko

=

Sk Ly

FARATT - i B ROR B Ak, MR ZG), JE T 2R AT 25, T E R
Wl L, IR O AR o 1T M S R AR T T 2%, PO = e AH (4% (UPLC) (Waters, Milford,
MA)5 2, HPUR TR (Waters Acquity SQD ) &l (3% 7 25445 SR 10ul CGEARARYT IR N
50mg/L, Z&FUKAELI40.5mg/L) 5 CI84F: (il E4 W&, FiRA& )7 profile mode; F#iHE
F£: 1000 amu/s; 147 : 380 to 520, H MassWorks software (Cerno Bioscience, Danbury) X} MassLynx*k:
LR BB AT AP, I 5E HARYIRORE I TR A, R UON H AR 215

SR
U i B B I, R TUPLCREAT 738, AR R Bz W ATl 5E, 4.470 81 1 &
U R fefthy T, BRI (/MR h o e, FLAAR ) R B I ) L2220
®1 BESBEEH

Time(min) Flow Rate %A %B
1. Initial 0.600 75.0 25.0
2.7.00 0.600 10.0 90.0
3.8.00 0.600 10.0 90.0
4.8.20 0.600 75.0 25.0
5.9.00 0.600 75.0 25.0

: A:0.1% HCOOH in Water
B: ACN
EAAYT L ESIHE AL AE[MHH] . [MAN4H] . [M+K] =R 81, Hm/z2r 50419, 43681457,

T TR AL TN, BRI TRATT LU 18 2 1-AF I MassWorks B4 A R IFT I A, AR IE BRER, X
m/zFE B TIRIE . 12 & MassWorks b FIAR IE S5 9L, 0t KE 55 R 1 DR 82 i e A 1 P e 1 T L HR b 3ol
BT KA X R 22 /N T Sppm, T KUK Bk 1198%, U Ik i 1) (ALY, 2204 1 BRURE 1, o0 H R AR LE ]
P FRVETEAT RIS T SEE A HERA P, $R 4 T IRIE,
Y S ST (PR I R BN FH B RN s T B, DA E AR T 2 R R A . AR AT, 8 H AR
AREE EMICENC, Hy Ny Oy K. CUHIS, R 7%k EFR 735l i5 € 4304 200, 104 10« 1. 5. 5, FFA
0: FiEpiZe FRR 10 mDa. SV KHES 2955 i A AL, I g™ E[M+H]" . [M+NH]\ [M+K] 350

028-
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MassWorksill 52 45 R WK1, BROR BN TR) 4.0 70 BRI ZS T, Ao e LA S B0 BOR BEADR B 22, 4R
SEHI 7> 1AL TRk sy 150 (JE344) S4RLAh: HARIZA U T4 A fF ik 1 aTiAz,

T RS B T T 97.2%, iR 2 /N 5. 7mDa.

%2 MassWorksill ERIZ R FRER

Fins e i /Da %% /mDa MRS 2 /ppm 15 &R TR B I 1) e fR
C25H44NO5 438.3219 4.4 10.1 98.4 4.88 1 34
C25H40NO4 418.2957 5.7 13.7 99.1 5.33 1 28
C25H4106 437.2903 1.8 4.1 99.4 3.38 1 49
C24H40NO5 422.2906 8.3 19.8 94.5 4.04 4 34
C24H40NOS 422.2906 7.1 16.9 98.1 3.95 3 32
C26H44NOS5 450.3219 -0.4 -0.8 97.3 5.24 1 33
C25H40NO5 434.2906 -1.4 -3.1 97.2 4.18 2 36

£ JHMassWorks &b BBAR (8% /il Bt 2558 HARY) 7> 7R, BATRT LU 21, ] s A o RS
FEANTE RS REEA TR R, LRI M T OO PR B I A R o SR3ANZRAFN M T IX P 5 120~ AR AR T IR I
SEMIGTR, BURRG LS5 o BOR L AT R R I, S ARARY T IR fh 163 BORS FEE099.4% 3% i T I BRI 2> 1
o AT HUL i = ORI TR AT R I, S Aty TR DA L i A 08 22 O 1.8 mDa, (U T 45150 13X
IO, DAL, BRSO AR 7 1 KU I LT B

. 29 .
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%3 MassWorksA[REMEEFEEBERMNGERER

Hr SN Jitit/Da 5 2%¢/mDa M7 /ppm R FEDRS AR
1 C25H4106 437.2903 1.8 4.1 99.4 5.5
2 C22H33N10 437.289 0.5 1.1 98.8 11.5
3 C21H37N604 437.2876 -0.9 -2.0 98 6.5
4 C26H37N402 437.2917 32 72 97.8 10.5
5 C27H37N203 437.2804 -8.1 -18.5 97.5 10.5
6 C23H41N402S 437.295 6.5 14.9 97.1 5.5
7 C24H41N203S 437.2838 -4.7 -10.8 96.9 5.5
8 C20H37N8OS 437.2811 -7.4 -16.9 96.7 6.5
9 CI9H37N10S 437.2923 3.8 8.8 96.6 6.5
10 C20H41N208 437.2863 -2.2 -5.1 96.1 1.5

R4 UURERBEHREFRBTHRERER

Her TR Jfi2/Da %% /mDa IR ZE ppm G EREE AT
1 C22H33N10 437.289 0.5 1.1 98.8 11.5
2 C29H410S 437.2878 -0.7 -1.6 95.7 9.5
3 C21H37N604 437.2876 -0.9 -2.0 98.2 6.5
4 C21H42N403K 437.2894 0.9 2.1 94 2.5
5 C20H42N404Cl1 437.2895 1.0 2.2 73 1.5
6 C21H45N203S2 437.2872 -1.3 -3.1 93 0.5
7 C16H38N1002Cl 437.2868 -1.7 -3.9 72.8 2.5
8 C17H38N100K 437.2867 -1.8 -4.1 93.1 3.5
9 C25H4106 437.2903 1.8 4.1 99.5 5.5
10 C20H41N208 437.2863 -2.2 -5.1 96.4 1.5
it

UPLC H3 2 F DY AT T R AR M 5, HIMassworks % 2 BEAT AL B, 3dl i TR EFDGIERE L, W LA
RS 86 58 AT T 25 AT 28 ST K 2 o

735 AORERA (0 R 38 0 A R AR KRR 25 R R 2 e 5 3 SN 2R . DY AT (¥ e 3l
SV, BT ARSI FIAL SR A . UPLCAECE LAY B, w] UK AR SE 0 DU 20T AR 5l 7 &
(M . Bk, A& BB 20 7 3B AR ——Massworks, 5 PUAFF Tt m] AT SR A L R0 259 b 2% o 17
AR, HAA DU s A (8, A% (e

S 30k

[1] Wang,Y.; Prest, H. Chromatography (Japan) 2006,27,135.

[2] Gu, M; etal, RCM 2006, 20, 764.

[3] Kuehl, D.; Wang, Y. ASMS 2008, Poster PM 013

[4] McLafferty, F; Turecek, F. Interpretation of Mass Spectra, 4th edition, USB, 1993
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HaR “REsEERE” ?

B, RS O RATAN A T A A
K HE JE 7 (Spectral Accuracy for Mass
Spectrometry) o

AT (T 1% B iR 2 b m] WG AN
B 2L AR i 2, e AR S
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FU IR AN [] 2 A 2 Tt F 20 i 1] it m LA o v 1
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UWHIXE, W ERT 201, MNH
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TR AN T E AT 823.4130 FIAR AN,
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047 7 BT RO Y, AL A T
558 -k 1 ppm JTCRtHE B 12 H 4 43 13X 0
R AF -t E KR A4 T R
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ICHEZES Fis FEZEE — 2056 DU I 2 - 2UAR S 5 i
1o bEn i CasHsiN12O2F s 19 5T 5 HE i 5 =y 1A
0.02 ppm, HEAEAN G T B HER FE 48 R 28 — A7,
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399.15257
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— EMMSFR: C,H,N,08°
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