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A technique and its application of rapid identification of unknown
compounds outside the NIST library
Guan Yang!, Wang Linyan!, Wang Bo!

(1.Academy of Chinese Medical Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, China)
Abstract: Taking volatile oil of Saposhnikovia divaricate as an example, the samples were firstly
analyzed under standard EI ionization source mode of gas chromatography-quadrupole
time-of-flight mass spectrometry (GC-Q/TOF MS), and the compounds included in NIST library
were identified. Furthermore, the lower energy ionization source (lower energy ) mode of
GC-Q/TOF MS was utilized to analyze the unknown compounds which could not be included in
NIST library. The molecular ion peaks of these unknown compounds were determined and their
molecular formula were inferred through the above process. And then, the secondary mass spectra
were acquired to obtain the fragment ion information so as to identify the chemical structures of
these unknown compounds combined with Chemspider database . A total of 84 chemical
components were identified from the volatile oil of Saposhnikovia divaricate. This research

provided a new idea for the comprehensive identification of unknowns. In particular , the



combination of lower energy and MS? mode of GC— Q/TOF MS could be applied to the accurate
and rapid identification of compounds outside the NIST library.

Keywords: identification of unknown compounds outside the NIST library; gas
chromatography-quadrupole time-of-flight mass spectrometry; variable energy ionization source;

MS?; volatile oil of Saposhnikovia divaricate
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GC-Q/TOF MS AR HUK GC-MS JFL A 5 fan (R afl 2 R4y e, e R RR 0 Frdie e,
WAL SIS E . E BRI  m o BRR IR B R R . (B SR AUE 70 eV
Pk EI LB, WA B TE 55 NIST FEELXR), Hod H T %€ NIST i FEWCR &
Yy, JoiE%E H NIST WML &Y. H /it — % NIST 1 RSN G, o1
B B P IR S o T T, B E AR 4 TR . H R LR 2R AL R LR
JE (CD AREr ELVELAIREUr 188 1 U, fFJR B9 1R 8 i D e B i 2 g, 6F B2 1 J 154X
WSHABTEAWTE . A SCRRIUKAEE BF 25U (Lower energy) 0, 7EAYIH
TFURHIELL R LI, RGNS T BT FRER MS/MS RETTR, 4T
ST T S, ATRUEAF IR R AR AR R, SR e BN SE R, BORRA
T GC-MS 7EZ5 R %52 it R IR & o AR SC AR AR R s ), 2 s R s B AR
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2.1 X328
Agilent 7250 GC-Q/TOF MS (4o Rt AR, EED , #ili#s ( Eppendorf A ], 1

ik

ED 5 =l E0HL (Eppendorf Aw], fE[E)

2.2 R

LR s (HPLC £, Scharlau, #t%5: 19329712 )

B PR G AR B 25 Rz g5 ], b5 e 200901)
3 HiEEPR
3.1 B R A Tk R B B Akt VA VR )

BB R AR (40 HD 23300 g, & 5L WEJEFMS, MzEHK 2400 mL, 2 12 h,
P e [ 24 3 2020 4F i DY F8 3 T 2 A 0 5 vk FRE 2R RAS BIHE R M . LA TR S BRVE A



12000 rpm 50> 15 min, HU_ -7 B NERE .
3.2 Bik-Fik %G

g4 F: DB-SMS BAEFE (30 mx0.25 mmx0.25 pm, ZHEEAT, EE) . SEFE
B 250°C; FEFFFHEERE: HIGIEE N 55°C, LL 6 °C/min FHEZ 250 °C, 4ERF 5 min;
WA &S, 4 99.999%, iE 1.0 mL/min; BEFEE: 1 uL; 2¥EL: 20:1.

JoT V% S A -

Standard #£: ELVEHLE: 70 eV: BFUFIRE: 200 °C; GC-MS £ HiRE: 250 °C;
549477 2\ : TOF-Scan 4434, — 5115 it #4946 V6 H m/z 30~500, KA HZ 5 spectrum/s;
WAILEIR: 3.5 min.

Lower energy f3{: EI L HLE /> 54 10 eV, 12 eV F1 15 eV; B T8I E : 200°C; GC-MS
BERE: 250°C; HdEidi 730: TOF-scan 414, — il i 135 H m/z 30~500,
KAEEHZ 5 spectrum/s; ¥ FHZEIR: 3.5 min.

MS/MS 5 : EI Y5 L% : 70 eV 25T Y JE : 200 °C; GC-MS #2113 )% : 250 °C; Precursor

53108 220.1820 Al 244.1822, 2R il )i &0 H m/z 30~300, KA 5 spectrum/s;
fffEREE (CE) : 20 V; ¥AFIZEIR: 3.5 min.
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— 2% H 0 4 B B unknown analysis Al MassHunter Qualitative Analysis #0f4 5¢ i s
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XTE AR,

4 ZR 50
4.1 FrE EI EREVRSE & NIST B4 i S 2 by R R i o

RSB TR B 1. # R EHE S\ Unknown analysis $01F, & %e#H4T i35
AbEE, PRI T . 5 NIST 14 bR 5Tk B PEEAT ULAC, FR&s S AH SRR L& i
fiEdT, JRMEE B IR A 82 B, ARG B RO B 80%, BT A AL
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BfiE ()

1 BRERBEETRE
2 1 AR, BRI A P B A RS 19 M, BERRSS 18 B, BEK 17 Ff,
BRI 16 M, PEK 8 Ff, DAR AR EY).
R 1 & NIST EENEEFRNBREL MILER S

PR Bt X T HENE
Fs ‘ WEYAATR TR Cas
1] FE AEE
1 3.8333 1-Hexanol C1E ) CsHisO  102.1045 0.01 111-27-3
2 4.3703 Heptanal (BE[EE) C/HisO  114.1045 0.06 111-71-7
Hydroperoxide, 1-ethylbutyl 24254-56-
3 5.1190 CsH1402  118.0994 0.01
(1-Z2 T3-S 2D 6
2-Heptenal, (Z) - (E-2-B¢ 57266-86-
4 5.3666 C/Hi O 112.0888 0.01
i) 1
1-Hexene, 3-methyl- (3-F 3
5 5.5881 C7Hug 98.1096 0.03 3404-61-3
-1-C0)
6 5.6025 Hexanoic acid ( L&) CeH1202  116.0837 0.03 142-62-1

7 57856  1-Octen-3-ol (1-¥4#%-3-BE) CsHisO  128.1201  0.01  3391-86-4

8 6.2857 Octanal (I1E3¢f%) CsHisO  128.1201 0.3 124-13-0
Benzene,1-methyl-3-

9 6.7881 (1-methylethyl) (P-<f£  CioHis 1341096  0.01 535-77-3
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21

22
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24

25

26

6.8784

7.0602

7.4751

7.6809

7.7199

8.2271

8.4044

8.5044

9.0076

9.7718

9.9670

10.5341

10.8211

11.0195

11.1217

11.2155

11.6089

D-Limonene ( (+) -Fri5 )
3-Octen-2-one (3-F)fi-2-
LD
2-Octenal, (E) - (Jx-2-%
Ji )
Heptanoic acid (JFR)
1-Octanol (%)
2-Nonanone (2-TF:fif)
Cyclohexanol,2-methyl-5-
(1-methylethenyl) -,
(1.alpha.,2.alpha.,5.beta.) -
Chr — & & 75D

Nonanal (Ff)

4,6-Decadiene (4,6-2% i)

2-Nonenal, (E) - (Jxi{-2-
F
Octanoic acid (F[&)
.alpha.-Terpineol Co-#2 )
Decanal (Z5[#%)
2,4-Nonadienal, (E,E) -

( (EB) -24-FJH#
1-Dodecen-3-yne (1-+ -/
-3-1
Fenchyl acetate (1,3,3-=H
He- TIR[2.2.1]BE-2- [ LR
fis)

3-Decen-2-one (3-Z&4-2-

i >

CioHis

CsH140

CsH140

C7H1402
CsHisO

CoH 50

CioH150

CoH 1580

CioHis

CoH160

CsHi1602
CioHi150

Ci10H200

CoH140

Ci2Ha2o

Ci2H200

CioH150

136.1252

126.1045

126.1045

130.0994

130.1358

142.1358

154.1358

142.1358

138.1409

140.1201

144.1150

154.1358

156.1514

138.1045

164.1565

196.1463

154.1358

0.04

0.01

0.06

0.03

0.05

0.06

0.02

0.11

0.02

0.2

0.47

0.03

0.03

0.03

0.06

0.03

0.02

5989-27-5

1669-44-9

2548-87-0

111-14-8

111-87-5

821-55-6

18675-33-

7

124-19-6

55682-65-

0

18829-56-

6

124-07-2

98-55-5

112-31-2

5910-87-2

74744-36-

8

13851-11-

1

10519-33-

2
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37

38

39

11.7150

12.0912

12.2112

12.7031

12.8161

13.1024

13.8570

14.2861

14.3427

14.5780

15.0858

15.3005

15.5682

Benzene,1-methoxy-4-methy
1-2- (1-methylethyl) - (2-
SN FE-1-H A -4

7))

2-Decenal (2-Z%¥&HE)

1-Tridecyne (1--F=H)

Bicyclo[2.2.1]heptan-2-0l,1,
7,7-trimethyl-,acetate,
(1S-endo) - (J£Jig LFRIK
FrlED
2,4-Decadienal, (2,4-%% "I
[y
1,14-Tetradecanediol (1,4-

+ P9k — A

Lilac aldehyde D (] &%)

n-Decanoic acid (IEZ$8)

10-Undecenal (10-+—/
59
2-Octenal, 2-butyl- (2-] %
2-F D
trans-2-Decenoic acid (JZ 7
2-ZJE D
Cyclododecanol (3 )
(3R,3aR,7R,8aS)
-3,8,8-Trimethyl-6-methylen

eoctahydro-1H-3a,7-methan

CuHi60

CioHi150

Ci3Ho4

Ci2H200

CioHi160

Ci14H300

C10Hi160

Ci10H200

C11H200

Ci2H220

Ci1oHi130

C12H240

CisHa4

164.1201

154.1358

180.1878

196.1463

152.1201

230.2246

168.1150

172.1463

168.1514

182.1671

170.1307

184.1827

204.1878

0.01

0.38

0.21

0.10

0.36

0.02

0.14

0.10

0.30

0.06

0.05

0.05

0.30

31574-44-

4

3913-81-3

26186-02-

7

5655-61-8

25152-84-

5

19812-64-

7

53447-47-

5

334-48-5

112-45-8

13019-16-

4

334-49-6

1724-39-6

79120-98-

2




40

41

42

43

44

45

46

47

48

15.6318

16.0136

16.1980

16.4335

16.4649

16.6956

16.8258

16.8969

17.0639

oazulene ( (+) -B-FAATHE

i)

Benzene,1,4-dimethoxy-2-m
ethyl-5-isopropyl- (1,4-—H  CioH;50
ASE-2-HIE-5- (1-HR 2 2
5 -2

Cyclopentanol,1,2-dimethyl-

3- (1-methylethenyl) -,[1R-

(1.alpha.,2.alpha.,3.alpha.)] CioHisO
- (1,2- -3 (1-H% 2
B DREINAALD)

(3aR,4R,8R,8aS)
-3a,4,8a-Trimethyl-7-methyl
CisHas
enedecahydro-4,8-methanoa
zulene-rel- (B-HIE%E)
(1R,4R,4aS,8aR)
-4,7-Dimethyl-1-

(prop-1-en-2-yl) CisHo4
-1,2,3,4,4a,5,6,8a-octahydro
naphthalene CEFEEFRE —4%)
Undecylenic acid (10-+—

L)

C11H2002

cis-5-Decen-1-yl acetate C12H220
((Z)-5-Z8)f5-1-B% LIRID 2

.gamma.-Muurolene (y-fK=

D

(-) -Aristolene (H Y 4)  CisHos

CisHo4

Naphthalene,decahydro-4a-
CisHas
methyl-1-methylene-7-

194.1307

154.1358

204.1878

204.1878

184.1463

198.1620

204.1878

204.1878

204.1878

0.12

0.11

0.45

0.37

0.37

0.24

0.12

0.24

0.18

14753-08-

3

4028-60-8

72346-55-

5

92692-39-

2

112-38-9

67446-07-

5

30021-74-

0

6831-16-9

17066-67-

0




49

50

51

52

53

54

55

56

57

17.2994

17.4288

17.6893

17.7687

17.7690

17.9729

18.0351

18.0845

18.3655

(1-methylethenyl) -,[4aR-

(4a.alpha.,7.alpha.,8a.beta.
) - BTk
.alpha.-Muurolene Co-f{ =% i

i)

Isocaryophillene (7 ] 7/ )
1,3-Benzodioxole,4-methoxy
-6- (2-propenyl) - (RIE5E
ik )

trans-Calamenene (B Jifi)

Naphthalene,1,2,4a,5,8,8a-he
xahydro-4,7-dimethyl-1-
(1-methylethyl) -[1S-
(1.alpha.,4a.beta.,8a.alpha.
) - (B-AEFR 4D
Tricyclo[5.4.0.0
(2,8) Jundec-9-ene,2,6,6,9-t
etramethyl-, (1R,2S,7R,8R)
- CKMRMED
Naphthalene,1,2,3,5,6,7,8,8a
-octahydro-1,8adimethyl-7-
(1-methylethenyl) -,[1R-
(1.alpha.,7.beta.,8a.alpha.) ]
- (AU EAE)ED
cis-5-Dodecenoic acid (JIii-5-
T ARG
4-Isopropyl-6-methyl-1-meth

ylene-1,2,3,4-Tetrahydronap

CisHo4

CisHo

C11H1203

CisHa

CisHo4

CisHo

CisHo4

Ci2H220

CisHao

204.1878

204.1878

192.0786

202.1722

204.1878

204.1878

204.1878

198.1620

200.1565

0.13

6.74

0.13

0.27

0.03

0.20

0.10

0.13

0.59

10208-80-

7

118-65-0

607-91-0

73209-42-

4

523-47-7

5989-08-2

4630-07-3

2430-94-6

50277-34-

4




58

59

60

61

62

63

64

65

66

18.3790

18.5369

18.6817

18.8723

19.0114

19.7051

20.3238

20.5720

20.8678

hthalene (1,2,3,4-V05-6-F

He- 107 P JE-4- S VLR

Dodecanoic acid ( H /)

( (4aS,8S,8aR)
-8-Isopropyl-5-methyl-3,4,4a
,7,8,8a-hexahydronaphthalen
-2-yl) methanol (14¥%%-q-
(R
2 (3H)
-Furanone,5-heptyldihydro-

(BEE
1H-Cycloprop[e]azulen-7-ol,
decahydro-1,1,7-trimethyl-4-
methylene-,[1ar-

(la.alpha.,4a.alpha.,7 beta.,
7a.beta.,7b.alpha.) ]- (f%iH
)

2-  (C 2R4aR_8aS )
-4a-Methyl-8-methylenedeca
hydronaphthalen-2-yl )

prop-2-en-1-ol (ARAEE)

Apiol G

tau.-Cadinol (T-FE:FAEE)
.alpha.-Calacorene (o-H &

F )

Lanceol, cis (G HFE )

Ci2H240

CisH240

C11H2002

CisH240

Ci5H240

Ci2H140
4

Ci5H260

CisHao

Ci5H240

200.1776

220.1827

184.1463

220.1827

220.1827

222.0892

222.1984

200.1565

220.1827

1.07

2.75

0.28

0.31

0.31

1.32

0.12

0.14

1.46

143-07-7

135118-51

-3

104-67-6

6750-60-3

515-20-8

523-80-8

5937-11-1

21391-99-

1

10067-28-

4




67

68

69

70

71

72

73

74

75

76

77

78

79

22.0668

23.7793

249169

25.2066

25.2959

25.5089

25.8228

25.9333

26.2228

26.6149

26.6624

27.5950

27.6858

Tetradecanoic acid (P& 5%

)

Pentadecanoic acid (1 FHFR)

Hexadecanoic acid, methyl
ester (ERHAIMR FH S )
17-Octadecynoic acid (17-

T BRI

Palmitoleic acid (REHEMER)

n-Hexadecanoic acid (EEAH
[79)
Doconexent ( —+ /N

)

Falcarinol C#EMH i)

Panaxynone C#MH 7Hi)
1,6,10,14-Hexadecatetraen-3
-ol, 3,7,11,15-tetramethyl-,

(EE) - (FFMIEITHERT)

(S,2)
-Heptadeca-1,9-dien-4,6-diy
n-3-ol (NZREE)
9,12-Octadecadienoic acid

(Z,Z) -, methyl ester CVjH]
12 H gD
11-Octadecenoic acid,
methyl ester( 11--1 /& H
(5]

CiaH230
2
CisH300
2
Ci7H340
2
CisH30
2
Ci6H300
2
Ci¢H320
2

C2H3,0

Ci7H240

Ci7H220

C20H340

C17H240

CioH340

Ci9H360

228.2089

242.2246

270.2559

280.2402

254.2246

256.2402

328.2402

244.1827

242.1671

290.2610

244.1827

294.2559

296.2715

1.02

0.46

0.14

0.10

0.50

6.38

0.55

0.35

7.67

0.24

32.58

0.44

0.13

544-63-8

1002-84-2

112-39-0

34450-18-

5

373-49-9

57-10-3

6217-54-5

21852-80-

2

4117-11-7

1113-21-9

81203-57-

8

112-63-0

52380-33-

3




9,12-Octadecadienoic acid

80  28.1699
(2,2) - QMR
3-Phenylpropyl cinnamate,
81 30.7675
(E)- (EERR 3-2K 5L 1)
Cinnamyl cinnamate (H:Z
82 32.1544

HERED

CisH320
280.2402 5.98 60-33-3
2
CisHisO 290311-72
266.1307 0.13
2 -7
CisHi60
264.1150 0.03 122-69-0
2

4.2 NIST ¥ Fp R H 1946 & WDl i 703 4 5

24k, RT=19.529 F1 RT=23.515 Wi~ aiklé, 75 TIC P L o 0g Ty RRRF S 3¢ i H. o 25 B

B, RAFE| NIST HE A IULRCSS IR, PR EAME AR IR Fn Yt — A I 5 7 4
(1) SRR AE R F B YA T 52 R KNI 7 8 0

1E 15eV, 12eV Fl 10eV =FhAS[E] )3 75 B N AR A AR X 5 B AR Ak i 2 Bl o

WEEEE=70cV {RBIFE=19.529

150000
91.0522
159.1186
1soge 105.0669
79.0813 117.0689 1310809
50000 145.1025
187.1506202.1751
, il Jf‘“ﬂ’kumsa X
50 100 150 200 250
A
HEREE=15¢v  {RERF=19.529
15000
106.0771
10000
159.1168
119.0850 134.1089
2021718
18781 | 21.06m
bl 1 jhic pEoe
50 100 150 200 250
R
ABRRE=12¢V {REIHf(=19.529
oy 106.0785 1381034
6000
4000
172
2000 waare BT s
L 220.1820
o alll || | !\ |||‘ s
50 100 150 200 250
R
W E=10eV {REMF=19.529

138.1034

106.0785

96.0579

202.1702 218.1675
177.1276
220.1820

aoal
}

50 100 150

B

200

MR E=70eV  {REBE=23.515
500000
91.0524
400000 117.0678
300000
200000
215.1470 244.1858
100000 69.0707 141.0710 187.1143
141.0392 ||| | J,
L ‘,1' sl .‘llllul N .
50 100 150 200 250
R
B HE=15¢V {RETHT[H=23.515
10000 91.0544
3000 117.0701 244.1824
6000 105.0701
215.1434
s 187.1119
sy T 131.0859
| | | | 169.1016
B ; L ot looal, duty o o | :
50 100 150 200 250
e
MR E=12eV  {REK]=23.515
15000
244.1825
10000
5000 215.1432
105.0700 187.1121
161.0960
J 1 I || al L da J L l
v T v v ]
50 100 150 200 250
% 24
BERRE=10ev {REH =23.515
4000 244.1822
3000
2000
215.1432
1000
105.0705 187.1115 ‘
T ) L |
50 100 150 200 250
Rt

B2 #HEYFAREFIEELRETH TOF-Scan BRiEE

Bt TR R AR, AN R AT B B AR X i S5 A PR R B AR . R . B

IR IR A, W A0 2R 2 R B, B A LU IR A AR R LB T e AR AT



EU TRy ARG = B2 B T P . RT=19.529 (BT Bl rh, m/z=220.1820 I 5 fif ELAHXTBOKR,  H.
I 5 9 U PR BRI AR X B 2 T v, R HEIRT m/2=220.1820 1% (R B3 B 18] R 4k & 91
YRS T, [RIEE, fE RT=23.515 WG, HENT m/z=244.1822 iz IR BN (8] FALE4
M 7B 7. m/z=244.1822 (b & WITE 12eV Al 10eV B FIRHEMER T, P Figc b
dap i, RAEm B e B2 A B, R S0 7 T 8 T LR E
(2) ARENYIH 537 2

25 b, m/z=220.1820 1 244.1822 1E )y BF B AT Targeted MS/MS Z3#f7, 1HHE 712,
7515 8] RT=19.529, m/z=220.1833 FIfL&4) 1 (Cpdl) ; RT=23.515, m/z=244.1832 11k
a2 (Cpd2) » BAREELRWE 2 fion, MS/MS ElEWE 3 frs.

R2 AAPHTALEELERR

s S TR S

= y o EiED

m TR Higs  WERS ZE EYi =5 FEI Bh U

TE TE (ppm) pIES N

T itk BB

o B i3

2

1 CisH24O  220.1833  220.1827 -2.83 81.74 97.95 92.56 76.15 89.40
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