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Abstract: The fragment ions of rhein in total ions mass chromatogram and collision inductive dissoci-
ation multi-level mass were studied by electrospray ionization ion trap mass spectrometry ( ESI — IT
MS). Quantum chemistry calculations were carried out to explore the mass behavior of rhein and the
main fragment ions from the molecule. By analysing the characteristic of the fragment ions including
geometry parameter, bond dissociation energy, changes of charge, spin density and frontier molecu-
lar orbital, the stable structures of the fragment ions with m/z 282.8, 256.9, 238.9, 210.8,
192. 8, 182.8, 166.8, and fragmentation pathways could be obtained, the cracking behavior of
rhein could be explained systematically by ESI — IT MS.
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HEERAL S YRS S T RSN RS
1 LIGERS
1.

1 W5

KB s (P EGREYHIRRER), TR(GEE, RETIELAIFAEGRAF ), BB
Z R AE Agilent G6300 B RGN F#ESERL, ESI BFiIE, RARSNEREFERES uL - min ™', £
MERE 325 C, BABFHRE 13V, BRRAHSANHEHS, HRME 10 mL - min ™', HHESKIMEO. 15
ml - min ™', ESHRBESHETREE SRR, FHEE: m/z100~400, HETHEATHTEZH
BTaeam,
1.2 ERBASHESZ

KHAFEHERME TN, KKERTERNHEABREL0.1~1.5 Amp) , X KEBKRI> T HIRLE S
SR 55 BB BR R ( Collision inductive dissociation mass spectrometry, CID MS) #t4740#7, EF4HFETHEYY
K FH Gaussian 98 FR/F5ER ", HRFAFRERE TAFE AM1 FiETHERBUES FET R ETH
PG TR, RIGHKIEHEEZRIER, 7€ B3LYP/6 -31G(d) K¥, X REBMKE LT =Y E T
TG RRET R, BESTWE THIRES W, A ROB3LYP/6 -31G( +)(2d, 2p) Hi%,
THBBRE=YETHRNER, FERERS TRELEMREA, S HRERK LR EE
7, ETTYIE T KW 388 (Bond dissociation energy, BDE)R#E AR .

BDE=E(A) +E(B) —E(AB) (1)

AF, E(AB) BB FH B BEE (Total energy, TE), E(A) A ZMREF=WE FHRREE,

E(B) ABREM R,

2 ZREITE

2.1 KEBRREBWHENIT SR m/x 84— m/z W28 e m/x 2569

RIEEH CID MS i LR & RWE 2 i, 1B ”’“"l ,NIH.““‘? -
WERERMEES, o AHER KR iR S “H '”w hER
R, ST B B Co,. HHREK P CO 4 | R
FHIE, e 1
2.2 KERESTFEFHSH B2 KEMICID MS Rl sch s &

2 9 1 ﬁgiﬁ’*ﬁ Hiﬁ@@ﬁ?%?ﬂﬁ%%%ﬁﬁ Fig.2 CID MS mass spectral experiment result of rhein
git), BATILMEMRN, R ERMENNGERE, e THSTE TR, REBREST
BT HVIAM TR REA R 25 15 ArEl, 18 A, 23 A3 MiE R, R KRM, 3 FERWEREES &
(4374 0.757 3, 0.756 2, 0.755 9) ¥ aESEARKFAE(E (0. 750 0) BeaF MIILEE, MRALERMBAERBITE
e S FRvE (Maximum Force 0. 000 450; RMS Force 0. 000 300; Maximum Displacement 0. 001 800; RMS Dis-
placement 0. 001 200) , #FEFHIYRKIEM, RHESERPHMEE, BETHERE, KERS T
F1SAE(-1027.2191a u. ), 18 & ( -1027.236 9 a. u. ) K REE B 23 f7( -1 030.822 7 a. u.)
B, 20 EREATBRMES TE TR EHER
SR, i ‘ !
2.2.2 JLASH B3 AKREBRESITETFERRN
VIESLAAM R, S RERES TEFILMAEH AR
WEBELHGERRY, BMESTETHEHR AL
B, CEH¥hHIEFHLEWH, CHEREERAS=
HPH L 60°K A, F2 B HPERRERFE,
2.3 MS® BRESENIH

PURATES 282.8 A BB FHATFHI —_ABEFHA
i, FEUREEE 4A PR, LB AR B3 REBAESTRT MIAHE

Fig. 3 Initial structure of rhein moleculer ion
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256.9 f1238.9 W FH A, HEFFEWEHES 100+ 256.9
TR, WRRRLL256.9 B TRTLL238.9 B < 5. 14
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Fig.4 MS’ spectra of rhein

JEERKWES FEFHERN C,—C, BK B ERK A: MS? specira of fragment ion 282. 8;
0.170 25 nm ig‘[’ﬁ@ 0.173 85 nm, E%ﬁ\'ﬁi% qﬂﬁ'f/t% B: MS? spectra of fragment ion 256. 9

R, BEEKER. @8k, BESWR, FUAERBARERS CO,, BREEBRFET.
2.3.2 =HEF256.9 MR S5 m/z238.9 FNHIAKS —HAETFH 256.9, W CID MS ik
TLRTMAH, XEWETNMNESTET LRE-ANRERLN 26 WER, BERERPAFER
BYCH 26 UEHE, ZEMHRREEMGT, X m/z256.9 HITFH=LBFHEM, RWFHBREELEF
Jm/z238.9(E 4B), SHAFEFEHERZE CO, PN FRERAFZIE FESMEF, o
RARGCRNZRERED TE THRRRE L REZRESCH 28 1 CO M) T, BRNZETHA H
HEENER, XA S AHEENE CO BN AL ESEEARTFEERREE, 5— /1 4 HHE
EWRA SEARS BRI S &, ATITBRL m/z 256.9 =B F, 44T MS® Ky, FERBRE
RN EMEREBRAKRN, MTIEE m/z 238.9 =BT,
2.4 MS® FRTTEL 210. 8 R BIDHT

MS® JRIEEWRHHRE COFFHRASERE, HTHEEMBRERMEHRE, £—ENREH
JETHW R MBZ CO, HTasBEB T ERERE 4 F, 4FWE 5(A~D)Fix,
2.4.1 RECONGFHIBEMAESHT MIELAK HO

OH (OH

(1) HEANHER B TRRETRAE, U Co #E | i i o

B EAN, BRRNBEREATR L, 45 O. AT | SN\
A B, C. D MU A4 5 H 66.16, 55.92, Q e

109.22, 164.09 kJ - mol ™', WRIFZF AL, ¥R £ 0
BERSER N, BB UL, I A U R A O L A ' :

MW, BEARB WBRRENGW, dRBAR O oH

FHEERETES 0, ERREL M RERE, ZREE) |
I SZ I U4 C =0, KK T 0.000 5 nm, C,— 2

Cc [}

B BT AR I, 0 4 2 B AT E e X
RioRA, SHANESTEEGLE, BE 0,k O” QOO

CoMBBKH 0. 146 8 nm K ZE 0. 147 4 nm, H—P

BB C,e=0,, N RMEIEHEH LD, Bs Rk 210. 8 AT REL W
242 EMMBEEHEEEREGTKENF BE Fig. 5 The impossible configuration

of mass-to-charge 210. 8

2ATHN, AT m/z 282.8 & m/z 238.9, HIFAR

B KRIR C,. Cg. Con Cp Cys. O JRTF, HHp C MBFARMER, H-0.348 534 0.421 2, H)H
R TR RARUEIEEAE, WHERNIRET CREGRERT, AN, 5§ C HER O, EEA &
R, BT 0.018 6, HEHARNIBERBRESBRKBT, HEMEHAFEER, AifosrXd
IEH 055 O, TR INERE R ARBURIN RN F L, 5 CO RN FHIIBRBZ, B4, NBEAET
MEREESAUATEY, RASTFRAREEEEDFHAE G, Co. 0y, 0, L, HF CoM 0,5
RILLBIE R, BE—P UL BT AR
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R1 RECOFA, B, C, D WUAERKENIHNAE
Table 1 Bonding energies of losing CO fragments in systems A, B, C, D

E(M-H-C0,) E(M-H-CO0, - CO) E(CO) BDE
System o
(a.u) (a.u.) (au) (kJ » mol 1)
A —839.300 3 -725.950 2 -113.324 9 66. 16
B —839.300 3 -725.954 1 -113.324 9 55.92
C —839.300 3 -725.933 8 -113.324 9 109. 22
D —839.300 3 -725.912 9 -113.324 9 164.09

R2 A& 238.9 KEREEULNES T BT 282. 8 B/ ¥ 1 238. 9 LA ARAL
Table 2 The natural spin densities of system 238.9 and the changes of charge from molecular ion 282. 8 to fragment ion 238. 9

Atomic number Natural charge( F7) Natural spin density( H FE2 ¥ )
(BEFFY) [M-H]" [M-H-CO0,]" A [M-H-CO,]"

C, 0.303 7 0.1823 -0.1205 -0.001 015
C, 0.034 72 0. 049 85 0.015 13 0. 055 85
Cs —-0.288 8 -0.223 5 0.065 3 0. 063 58
Cs 0.4019 0.3133 -0.088 6 0.001 180
C,; -0.462 3 -0.264 9 0.197 4 0. 067 58
Cg -0.3417 -0.214 0 0.12717 0.104 6
C, 0.180 6 0.377 4 0.196 8 0.037 84
Cyo -0.348 5 0.4212 0.769 7 0.123 8
Cy3 -0.374 1 -0.1721 0.2020 0. 050 59
Ci4 0.288 2 0.204 2 -0.084 0 —-0.005 301
047 -0.3779 -0.396 5 -0.018 6 0.188 9
0y -0.296 5 -0.3120 -0.0155 0.2319
Oy -0.402 8 -0.408 0 -0.0052 0.003 218
Oy -0.412 1 —-0.296 8 0.1153 0.001 292

2.4.3 BI&SFHERH B 6 AJEM 238.9
BRI LS FIESTE, KT C R5HME
MO0, RFHSETEWEIERNIEH, HT
AEEFTREN RN EE, B C kHE
10 EF(0,)RERESL, FERELRER
EKH, C, MO0, MRATFEZE MS® H A CO FHENHF
MR,
2.5 BMRBTEFESHENXAR

DUFRARTEL 210. 8 ARE T, WARBEETH
GRETHN, GRRY, BHEHEKREHNO0.3

ﬁ ;aixngi

LUMO LUMO+ 1

Apm B, BEREET 166.8 BAMB, (BB, o oo
BN EZE 0.4 Apm, BEH BT 182.8 H I, R 28 o A T
ERNBEERE 0.5 Apm i, BH BT 192.8 /) . K% 238.9 MHTL

i 0 " R R R 1 S Apm, an Fig. 6 The frontier molecular orbitals of system 238. 9
BT 192.8, 182.8. 166.8 78k itk & o iy £ E R | 1663

WK, SFRRAKEHABT, dcDMS W

A7, 192.8, 182.8, 166.8 W RHB KA BT  ~ 1 s

210.8 HEMAR L, REFANFROEET, l

L33 APERE T VT AR, AR 3 s 50 100 150 Izm. 500 300
FhaE (K R AR BE K /N R P 05 166.8 < 182.8

<192.8, B 7 ABREENR 1 Apm B FrIREUR R B7 RAET 2108 15 SR E
"LjE!lzo L3 M E PR KRR TTE Fig. 7 MS spectra of fragmentation ions of 210. 8

KW, FATEL 192.8 IR B TR H 210.8 A &
F 18 fiBRE S LSRN E H,0 2 THRE, BA S TFRENETRAES 358.91 kJ - mol ', 182.8 &
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210. 8 B BT 14 A ERAE T HIFFEB M C—0 BRT C=0, EHBKHBNFEE C,, RNVIFHEE
BK, BMRESZHE CO M7, BABSTHRENREEN 192.45 k] - mol ™', BH BT 166.8 & H
210. 8 B BSF 6 £ Hfii 2 CO N 14 7 B2 O, ITUEIN, BIRfeE AN 61.44 kJ - mol ', %5 RPTIR, B
FRARNRE R B T TR A4 HE m/z 166.8 <182.8 <192.8, H B TR HIX M I FEBE m/z 166.8 >182.8 >
192.8, ULHAZE ISR, MA—BETHANEEET, EHEEETRRELERNABRT,
i reRa/, HEFBKX,

3 & it

AXBEHEBEFLEFEBRTRER S FEE FHEBE RIS ORENE, KEFELZRER,
RH B3LYP/6 -31G(d) AT H RSB A B FHRIUAISH, i, BRFEE. LS FHREDK
ROB3LYP/6 -31G( +)(2d, 2p) K F TR HEE, RLEEMW, KEKRARNEERHHF 282.8,
256.9. 238.9. 210.8, 192.8, 182.8. 166. 8 Hifs & &L RRME 75 CID MS BT i 24
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