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MultiAnalyzer – Unknown Compounds Analysis System
New Gas Chromatograph Time-of-Flight Mass Spectrometer

JMS-T2000GC “AccuTOFTM GC-Alpha”
0DVDDNL8EXNDWD06%XVLQHVV8QLW-(2//WG

The JMS-T2000GC AccuTOF™ GC-Alpha is the 6th generation JEOL GC-TOFMS and has an improved ion optics
system to achieve ultra-high resolution. The AccuTOF™ GC-Alpha is an orthogonal-acceleration time-of-ﬂight mass
spectrometer(oaTOFMS) with dual stage reﬂectron. It employs an ideal ion optical system realizing both high ion
transmission(=sensitivity) and ultra-high resolution. The dedicated qualitative software msFineAnalysis makes full
use of the high-quality data obtained by the JMS-T2000GC AccuTOF™ GC-Alpha, thus providing a new approach
to qualitative analysis for identiﬁcation of unknown compounds. JEOL can offer real unknown compounds analysis
solution with the powerful combination with JMS-T2000GC AccuTOF™ GC-Alpha and msFineAnalysis.

Introduction
Modern mass spectrometers (MS) are used for a variety of
DSSOLFDWLRQVDQGVFLHQWL¿F¿HOGV$PRQJWKHVH06V\VWHPVWKH
JDVFKURPDWRJUDSKPDVVVSHFWURPHWHU *&06 LVVXLWDEOHIRU
ERWKTXDOLWDWLYHDQGTXDQWLWDWLYHDQDO\VHVRIYRODWLOHFRPSRXQGV
DQGSOD\VDFUXFLDOUROHLQWKHDQDO\VLVRIPDWHULDOVIRUHQVLFV
IRRGVHQYLURQPHQWDOFRQWDPLQDQWVHWF)RUTXDOLWDWLYHDQDO\VLV
*&06DQDO\VLVW\SLFDOO\LQYROYHVFROOHFWLQJHOHFWURQLRQL]DWLRQ
(,  PDVV VSHFWUD DQG WKHQ XVLQJ WKHVH VSHFWUD IRU OLEUDU\
GDWDEDVHVHDUFKHVWRLGHQWLI\HDFKDQDO\WH:KLOHWKLVWHFKQLTXH
LVHIIHFWLYHIRUFRPSRXQGVIRXQGZLWKLQWKHVHOLEUDULHVWKHUHDUH
VWLOOPDQ\FRPSRXQGVWKDWDUHQRWUHJLVWHUHGLQWKHGDWDEDVHV$V
DUHVXOWDGGLWLRQDOWRROVDUHQHFHVVDU\WRSHUIRUPQRQWDUJHWHG
DQDO\VLVRIXQUHJLVWHUHGFRPSRQHQWVWKDWFDQRIWHQDSSHDUGXULQJ
WKHDQDO\VLVRIPDWHULDOVDQGHQYLURQPHQWDOVDPSOHV7RDGGUHVV
WKLVVLWXDWLRQ-(2/KDVFRQWLQXRXVO\HQKDQFHGDQGLPSURYHG
XSRQ RXU *&06 SURGXFWV WR LQFOXGH D YDULHW\ RI DGYDQFHG
FDSDELOLWLHVDVVKRZQLQ Fig. 17KHIHDWXUHVLPSURYHGXSRQ
include:
 $ 7LPHRI)OLJKW0DVV6SHFWURPHWHU 72)06 WKDWFDQ
DFTXLUHPDVVVSHFWUDZLWKKLJKUHVROXWLRQ +5 DQGKLJK
mass accuracy
 6RIWLRQL]DWLRQWHFKQLTXHVWKDWDUHHVVHQWLDOIRUGHWHUPLQLQJ
WKHPROHFXODUZHLJKWDQGPROHFXODUIRUPXODRIXQNQRZQ
VXEVWDQFHV
 8VHUIULHQGO\VRIWZDUHWKDWDXWRPDWLFDOO\SHUIRUPVDFFXUDWH
PDVVDQDO\VLVIRUWKHPHDVXUHGGDWD
2XU  WK  JHQHUDWLRQ *&72)06 WKH -067*&
³$FFX72) 70 *&$OSKD´ ZDV LQWURGXFHG LQWR WKH PDUNHW
WKLV \HDU ZLWK VLJQLILFDQWO\ HQKDQFHG FDSDELOLWLHV IRU KLJKHU
PDVV UHVROXWLRQ DQG KLJKHU PDVV DFFXUDF\ ,Q WKLV UHSRUW

ZH ZLOO SURYLGH DQ RYHUYLHZ RI WKH $FFX72)70 *&$OSKD
LQVWUXPHQWDWLRQDVZHOODVLWVEDVLFSHUIRUPDQFHFDSDELOLWLHV

Overview of the Instrument
7KHQHZ$FFX72)70*&$OSKDV\VWHPLVVKRZQLQFig. 2 and
UHSUHVHQWVDVLJQL¿FDQWGHVLJQFKDQJHIURPWKHSUHYLRXVPRGHOV
VKRZQLQ)LJ6SHFLILFDOO\WKHRUWKRJRQDODFFHOHUDWLRQ RD 
72)06LRQWUDMHFWRU\ZDVFKDQJHGIURPWKHFRQYHQWLRQDO³9´
OLNHWUDMHFWRU\WRDQHZ³$´OLNHWUDMHFWRU\LQRUGHUWRH[WHQG
WKH LRQ IOLJKW GLVWDQFH IURP  P WR  P DV VKRZQ LQFig. 3
$GGLWLRQDOO\WKHRD72)06ZDVHTXLSSHGZLWKDQLPSURYHGLRQ
DFFHOHUDWLRQV\VWHPWKDWVSDWLDOO\IRFXVHVWKHLRQEHDPDQGDQ
LPSURYHGUHÀHFWURQV\VWHPWKDWWHPSRUDOO\IRFXVHVWKHLRQEHDP
%HFDXVHWKHV\VWHPLVD+572)06WKHLQVWUXPHQWLVDOZD\V
RSHUDWLQJLQKLJKUHVROXWLRQPRGH)XUWKHUPRUHE\RSWLPL]LQJ
WKHVH FRPSRQHQWV DORQJ ZLWK WKH ORQJHU IOLJKW SDWK  WKH
$FFX72)70*&$OSKDUHSUHVHQWVDVLJQLILFDQWLPSURYHPHQWLQ
ERWKPDVVUHVROYLQJSRZHUDQGPDVVDFFXUDF\7KH$FFX72)70
*&$OSKD SURYLGHV  WLPHV KLJKHU UHVROXWLRQ WKDQ RXU  st
JHQHUDWLRQ³$FFX72)70*&´

Basic High-Performance System for
Non-Targeted Analysis
7KHEDVLFSHUIRUPDQFHRIWKH$FFX72)70*&$OSKDDUHDVIROORZV
6HQVLWLYLW\2)1SJ61!
0DVV5HVROYLQJ3RZHU! ):+0P] 
0DVV$FFXUDF\SSP 506(,VWDQGDUGLRQVRXUFH
0DVV5DQJHP] ±
6SHFWUXP5HFRUGLQJ6SHHG8SWRVSHFWUDVHF
,RQL]DWLRQ0HWKRGV(,&,3,),'(,'&,DQG)'
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Fig. 1 History of JEOL GC-HR-TOFMS
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Fig. 2 JMS-T2000GC “AccuTOFTM GC-Alpha”
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z ResoluƟon 10,000
z AutomaƟc reservoir
z msFineAnalysis
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Fig. 3 Schematics of ion optical system
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High Sensitivity

High Mass-Resolving Power
70

7KH$FFX72)70*&$OSKDKDVDPXFKKLJKHUPDVVUHVROYLQJ
SRZHU WKDQ WKH SUHYLRXV JHQHUDWLRQV RI WKH LQVWUXPHQW 7R
GHPRQVWUDWHWKLVQHZUHVROXWLRQFDSDELOLW\Fig. 5DVKRZVWKH
(,PDVVVSHFWUXPIRU3)7%$LQZKLFKWKHP] SHDNZDV
HQODUJHGWRFOHDUO\GLVSOD\WKH):+0UHVROXWLRQRI!
ZKLFKLVWKHQHZUHVROXWLRQVSHFLILFDWLRQ7RIXUWKHUKLJKOLJKW
KRZWKLVLPSURYHGUHVROYLQJSRZHUFDQHQKDQFHVDPSOHDQDO\VLV
)LJEVKRZVWKHEDVHOLQHVHSDUDWLRQRI&2 + (P]  DQG
12+ (P]    ZKLFK ZDV QRW SRVVLEOH ZLWK WKH SUHYLRXV
JHQHUDWLRQLQVWUXPHQWV7KHVHUHVXOWVFOHDUO\GHPRQVWUDWHWKDW
WKHKLJKPDVVUHVROXWLRQRIWKH$FFX72)70*&$OSKDFDQHDVLO\
VHSDUDWHFORVHO\UHODWHGLRQV VDPHQRPLQDOPDVV DQGWKXVFDQ
EHDSRZHUIXOWRROIRUDZLGHUDQJHRIDQDO\VHVDQGDSSOLFDWLRQV
LQYROYLQJ DQDO\WHV ZLWK WKH VDPH QRPLQDO PDVV EXW GLIIHUHQW
HOHPHQWDOFRPSRVLWLRQV

 7KH QHZ $FFX72)  *&$OSKD KDV PDLQWDLQHG WKH VDPH
VHQVLWLYLW\ VSHFLILFDWLRQV DV WKH SUHYLRXV JHQHUDWLRQ V\VWHP
GHVSLWH WKH ORQJHU IOLJKW SDWK DQG FRPSOHWHO\ UHGHVLJQHG
KDUGZDUH Fig. 4D VKRZV WKH P]   H[WUDFWHG LRQ
FKURPDWRJUDP (,& IRUSJRIRFWDÀXRURQDSKWDOHQH 2)1 
LQZKLFKWKH*&$OSKDZDVDEOHWRHDVLO\DFKLHYHD61!
)LJEVKRZVWKH2)1(,&VIRUWKHLQVWUXPHQWGHWHFWLRQOLPLW
,'/  PHDVXUHPHQWV LQ ZKLFK  IJ RI 2)1 ZDV LQMHFWHG
WLPHV$GGLWLRQDOO\)LJELQFOXGHVDWDEOHRISHDNDUHDV
WKH FDOFXODWHG UHODWLYH VWDQGDUG GHYLDWLRQ 56'  IRU WKHVH
SHDNDUHDVRIDQGWKHFDOFXODWHG,'/RIIJ7KHVH
UHVXOWV FOHDUO\ GHPRQVWUDWH WKDW WKH $FFX72) 70 *&$OSKD
SURYLGHVERWKKLJKVHQVLWLYLW\DQGKLJKVWDELOLW\HYHQIRUWUDFH
FRPSRQHQWVDQDO\VLV

Fig. 4 OFN 1 pg sensitivity and IDL for OFN 100 fg measurement
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Fig. 5 EI mass spectrum of PFTBA and m/z 28 mass separation
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High Mass-Accuracy

$ORQJZLWKKLJKHUPDVVUHVROYLQJSRZHUWKH$FFX72)70*&
$OSKDDOVRKDVKLJKHUPDVVDFFXUDF\ZLWKDQHZVSHFLILFDWLRQRI
OHVVWKDQSSP$Q(,PDVVVSHFWUXPRIPHWK\OVWHDUDWHDORQJZLWK
WKHDFFXUDWHPDVVDQDO\VLVUHVXOWVIRUDOOREVHUYHGLRQVDUHVKRZQ
in Fig. 67KHVHUHVXOWVGHPRQVWUDWHWKDWKLJKPDVVDFFXUDF\LV
PDLQWDLQHGRYHUWKHHQWLUHPDVVUDQJH IURPP] FRUUHVSRQGLQJ
WRWKHORZHVWPDVVIUDJPHQWLRQXSWRP] FRUUHVSRQGLQJWR
WKHPROHFXODULRQ WKXVVLPSOLI\LQJWKHGHWHUPLQDWLRQRIHDFK
FRPSRVLWLRQDOIRUPXOD)XUWKHUPRUHWKHDYHUDJHPDVVHUURUIRU
WKHVHLRQVZDVRQO\P'DSSP
$OVRZRUWKQRWLQJKHUHWKH$FFX72)70*&$OSKDSURGXFHV
KLJKPDVVDFFXUDF\PDVVVSHFWUDLQGHSHQGHQWRIWKHLRQL]DWLRQ
PHWKRGXVHGIRUWKHPHDVXUHPHQWV7KLVLVLPSRUWDQWEHFDXVH
WKHQHZV\VWHPDOVRRIIHUVDOORIWKHVDPHLRQL]DWLRQRSWLRQVWKDW
ZHUHDYDLODEOHZLWKWKHSUHYLRXVPRGHOVHOHFWURQLRQL]DWLRQ
(,  FKHPLFDO LRQL]DWLRQ &,  SKRWR LRQL]DWLRQ 3,  ILHOG
LRQL]DWLRQ ), IRU*&06DQGGHVRUSWLRQHOHFWURQLRQL]DWLRQ
'(,  GHVRUSWLRQ FKHPLFDO LRQL]DWLRQ '&,  DQG ILHOG
GHVRUSWLRQ )' PHWKRGVIRUGLUHFWSUREHVDPSOHLQWURGXFWLRQ
7KHUHIRUHWKHKLJKPDVVDFFXUDF\RIWKH$FFX72)70*&$OSKD
FDQ EH XVHG ZLWK KDUG LRQL]DWLRQ (,  IRU OLEUDU\ VHDUFKHV 
IUDJPHQWLRQIRUPXODGHWHUPLQDWLRQDQGZLWKVRIWLRQL]DWLRQ &,
3,), IRUPROHFXODUIRUPXODGHWHUPLQDWLRQIRUWKHREVHUYHG
PROHFXODU LRQ  PROHFXODU LRQ DGGXFW 7KLV FRPELQDWLRQ RI
PDVVDFFXUDF\DQGKDUGVRIWLRQL]DWLRQLVDSRZHUIXOWRROIRU
TXDOLWDWLYHDQDO\VLVRIXQNQRZQFRPSRXQGV
Powerful Capabilities for GC-MS Qualitative Analysis

7KH$FFX72)70*&$OSKDVLPXOWDQHRXVO\DFKLHYHVKLJK
VHQVLWLYLW\KLJKPDVVUHVROXWLRQDQGKLJKPDVVDFFXUDF\
7KH$FFX72)70*&$OSKDLVVXLWDEOHIRUQRWRQO\WDUJHW
DQDO\VLVEXWDOVRQRQWDUJHWHGDQDO\VLVRIVDPSOHVHYHQDW
WUDFHOHYHOV
Wide Mass Range

7KH$FFX72)70*&$OSKDPDLQWDLQVWKHZLGHPDVVUDQJH
(P]  RIWKHSUHYLRXVJHQHUDWLRQV\VWHPV:KLOH*&

MS analysis is typically limited to analytes under P] WKLV
LQFUHDVHGPDVVUDQJHXQORFNVWKHDQDO\VW¶VDELOLW\WRGLUHFWO\
DQDO\]H VDPSOHV OLNH SRO\PHUV DQG RUJDQRPHWDOOLFV E\ XVLQJ
GLUHFW SUREH 06 LQ ZKLFK WKH VDPSOH LV GLUHFWO\ LQWURGXFHG
LQWRWKHLRQVRXUFH QRWWKURXJKWKH*& 7KH$FFX72)70*&
$OSKD DFFRPPRGDWHV WZR GLUHFW VDPSOH LQWURGXFWLRQ SUREHV
'LUHFW([SRVXUH3UREHDQG'LUHFW,QVHUWLRQ3UREH IRUGLUHFW
(,PHDVXUHPHQWDQGGLUHFW&,PHDVXUHPHQW$GGLWLRQDOO\WKH
RSWLRQDO)'SUREHDOORZVWKHDQDO\VWWRXVHDVRIWLRQL]DWLRQ
GLUHFW SUREH PHWKRG WKDW LV HDV\ WR XVH IRU WKH DQDO\VLV
RI PDWHULDOV OLNH SRO\PHUV DQG KLJKHU PROHFXODU ZHLJKW
SHWURFKHPLFDOV 0RVW FRPPHUFLDO *&06 LQVWUXPHQWV DUH
GHGLFDWHG RQO\ WR *&06 PHDVXUHPHQW EXW WKH $FFX72)70
*&$OSKDFDQDOVREHXVHGDVDGLUHFW06LQVWUXPHQW
High-Speed Data Acquisition

7KH $FFX72) 70  *&$OSKD PDLQWDLQV WKH KLJKVSHHG
GDWD DFTXLVLWLRQ UDWH XS WR  VSHFWUDVHF  RI WKH SUHYLRXV
JHQHUDWLRQV\VWHPVDVZHOO7KLVFDSDELOLW\LVFULWLFDOIRUGRLQJ
)DVW *& DQG *&[*& PHDVXUHPHQWV ZKLFK ERWK UHTXLUH IDVW
VSHFWUXP UHFRUGLQJ LQWHUYDOV ,Q SDUWLFXODU WKH $FFX72)70
*&$OSKDDOORZVWKHXVHUWREULQJWRJHWKHU*&[*&VHSDUDWLRQ
KLJKUHVROXWLRQ06KLJKPDVVDFFXUDF\(,DQGVRIWLRQL]DWLRQ
&,3,), WRDQDO\]HVDPSOHVWKDWDUHW\SLFDOO\WRRFRPSOH[
IRUVWDQGDUG*&06VHSDUDWLRQV

Combined EI Method and Soft Ionization
Methods – two combination ion sources –
$V PHQWLRQHG SUHYLRXVO\ OLEUDU\ GDWDEDVH VHDUFKHV DUH
W\SLFDOO\ XVHG IRU *&06 TXDOLWDWLYH DQDO\VLV +RZHYHU
IRU XQNQRZQ FRPSRXQGV WKDW DUH QRW UHJLVWHUHG LQ WKH 06
GDWDEDVHV LW FDQ EH GLIILFXOW WR LGHQWLI\ WKHVH XQNQRZQV
E\ XVLQJ (, GDWD DORQH (, LV D KDUG LRQL]DWLRQ PHWKRG WKDW
W\SLFDOO\ SURGXFHV PDQ\ IUDJPHQW LRQV DV ZHOO DV PROHFXODU
LRQV :LWK WKDW VDLG LW LV QRW XQFRPPRQ IRU (, WR SURGXFH
PLQLPDO RU QR PROHFXODU LRQ VLJQDO LQ WKH PDVV VSHFWUXP
&RQVHTXHQWO\ WKH DQDO\VW FDQ KDYH GLIILFXOW\ GHFLGLQJ LI

Fig. 6 EI mass spectrum of methyl stearate and the mass accuracy

˖

2EV

74.0363

P]

)RUPXOD

&DOF

P]

(UURU
>P'D@ >SSP@

2

˖

87.0440

˖

43.0542
55.0542

˖

143.1067

100

˖
150

255.2319

˖

˖

200

˖

˖

˖

199.1693

101.0597 129.0910

50



&+









&+2









&+2









&+2









&+2









&+2









&+2









&+2









&+2









&+2











2

250

P]

(,PDVVVSHFWUXPRIPHWK\OVWHDUDWH

0ʶʀ
298.2867

300

$YHUDJHGPDVVHUURU $EV

69

JEOL NEWS │ Vol.56 No.1 (2021)

JEOL NEWS │ Vol.56 No.1 (2021)

WKHUH LV D PROHFXODU LRQ SUHVHQW LQ WKH (, VSHFWUXP WKXV
FRPSOLFDWLQJ WKH GDWD DQDO\VLV 7R RYHUFRPH WKLV SUREOHP LW
FDQEHYHU\HIIHFWLYHWRXVHVRIWLRQL]DWLRQPHWKRGVWRFRQ¿UP
WKHPROHFXODULRQPROHFXODUDGGXFWLRQ7KH$FFX72)70*&
$OSKD KDV WZR RSWLRQDOO\ DYDLODEOH FRPELQDWLRQ LRQ VRXUFHV
WKDW FDQ EH XVHG WR VZLWFK EHWZHHQ (, DQG D VRIW LRQL]DWLRQ
PHWKRG Fig. 7 
7KH(,),)'FRPELQDWLRQLRQVRXUFHRIIHUVWKHFRPELQDWLRQ
RI (, KDUG LRQL]DWLRQ  DQG ), VRIW LRQL]DWLRQ  IRU *&06
PHDVXUHPHQWV DQG )' VRIW LRQL]DWLRQ  IRU GLUHFW SUREH 06
PHDVXUHPHQWVRIKHDYLHUPDWHULDOVWKDWGRQRWJRWKURXJKWKH
*&%DVLFDOO\WKLVFRPELQDWLRQLRQVRXUFHDOORZVWKHDQDO\VW
WR GR *&(, *&), DQG )' PHDVXUHPHQWV ZLWKRXW EUHDNLQJ
YDFXXP $OO WKDW LV UHTXLUHG WR VZLWFK EHWZHHQ LRQL]DWLRQ
PRGHVLVWKHH[FKDQJLQJRIWKH(,UHSHOOHUSUREHZLWKWKH),
)' SUREH WKURXJK D YDFXXP LQWHUORFN WKDW JRHV GLUHFWO\ LQWR
WKH LRQ VRXUFH ), LV WKH VRIWHVW LRQL]DWLRQ PHWKRG DYDLODEOH
1RWH  DQG ZLOO HYHQ SURGXFH PROHFXODU LRQV IRU VDWXUDWHG
K\GURFDUERQV
7KH (,3, FRPELQDWLRQ LRQ VRXUFH DOORZV WKH $FFX72) 70
*&$OSKDWREHVZLWFKHGIURP*&(, KDUGLRQL]DWLRQ WR*&
3, VRIW LRQL]DWLRQ  PHDVXUHPHQWV ZLWKRXW EUHDNLQJ YDFXXP
,Q WKLV FDVH WKH LRQ VRXUFH RQO\ UHTXLUHV VZLWFKLQJ EHWZHHQ
212))IRUWKH(,¿ODPHQWDQG212))IRUWKH3,XOWUDYLROHW
OLJKWODPSZKHQVZLWFKLQJEHWZHHQHDFKLRQL]DWLRQPHWKRG3,
LVSDUWLFXODUO\HIIHFWLYHDQGVHQVLWLYHIRUSURGXFLQJPROHFXODU
LRQV IRU VXEVWDQFHV WKDW FDQ DEVRUE XOWUDYLROHW OLJKW H J
DURPDWLFFRPSRXQGV 
7KHVH XQLTXH FRPELQDWLRQ LRQ VRXUFHV DUH RSWLRQV RQO\
DYDLODEOH ZLWK WKH $FFX72)70 *&$OSKD VHH )LJ   7KH\
DUH H[WUDRUGLQDULO\ SRZHUIXO LQ WKDW WKHVH VRXUFHV DOORZ WKH
XVHUWRVZLWFKEHWZHHQ*&(,DQG*&VRIWLRQL]DWLRQZLWKRXW
EUHDNLQJ YDFXXP ZKLOH DOVR FDSLWDOL]LQJ RQ WKH KLJK PDVV
UHVROXWLRQ DQG KLJK PDVV DFFXUDF\ SURYLGHG E\ WKH 72)06
7KXVWKH$FFX72)70*&$OSKDXVHGZLWKWKHVHFRPELQDWLRQ
LRQ VRXUFHV VLPSOLILHV WKH SURFHVV RI GRLQJ QRQWDUJHWHG

TXDOLWDWLYHDQDO\VLVRIXQNQRZQFRPSRXQGV
1RWH7KLVFDVHLVDSSOLFDEOHIRULRQL]DWLRQPHWKRGVDYDLODEOHZLWKWKH$FFX72)70*&$OSKD

Automatic Qualitative Analysis Software
“msFineAnalysis”
2ULJLQDOO\ UHOHDVHG LQ  DV DQ RSWLRQ IRU WKH SUHYLRXV
JHQHUDWLRQ -067*& 6HULHV WKH ODWHVW YHUVLRQ RI WKH
³PV)LQH$QDO\VLV´ VRIWZDUH LV QRZ LQFOXGHG ZLWK WKH EDVLF
$FFX72)70 *&$OSKD V\VWHP 7KLV VRIWZDUH ZDV GHVLJQHG
to automatically identify compounds in a sample measured
E\ *&06 0RUH VSHFLILFDOO\ PV)LQH$QDO\VLV XVHV D QHZ
ZRUNIORZ WKDW LQWHJUDWHV *&(, KDUG LRQL]DWLRQ  KLJK
UHVROXWLRQ GDWD ZLWK *&VRIW LRQL]DWLRQ ), 3, &,  KLJK
UHVROXWLRQ GDWD WR DXWRPDWLFDOO\ JHQHUDWH D FRORUFRGHG
TXDOLWDWLYH DQDO\VLV UHSRUW IRU D PHDVXUHG VDPSOH Fig. 8
VKRZVWKHLQWHJUDWHGZRUNÀRZXVHGE\WKHVRIWZDUHLQZKLFK
ILYH GLIIHUHQW DQDO\VLV VWHSV DUH DXWRPDWLFDOO\ FRPELQHG WR
SURGXFH IDVW KLJKDFFXUDF\ TXDOLWDWLYH DQDO\VLV UHVXOWV 7KH
PV)LQH$QDO\VLVVRIWZDUHLVDOUHDG\ZLGHO\DFNQRZOHGJHGDVD
SRZHUIXOWRROIRUQRQWDUJHWHGDQDO\VLV
7KHODWHVWYHUVLRQRIPV)LQH$QDO\VLV 9HUVLRQ VWUHDPOLQHV
WKHVRIWZDUHRSHUDWLRQDQGDGGVDQHZIXQFWLRQLQZKLFKWZR
VLPLODUVDPSOHVFDQEHGLUHFWO\FRPSDUHGLQRUGHUWRLGHQWLI\
VDPSOHGLIIHUHQFHV7KLVIHDWXUHFDQEHSDUWLFXODUO\XVHIXOIRU
FRPSDULQJ FRPSOH[ PDWHULDOV WKDW KDYH VXEWOH GLIIHUHQFHV
,GHQWLI\LQJ WKHVH GLIIHUHQFHV FDQ EH FULWLFDOO\ LPSRUWDQW IRU
DGGUHVVLQJ FKDQJHV LQ PDWHULDO V\QWKHVLV RU PDQXIDFWXULQJ
SURFHVVHVLQZKLFKSURGXFWTXDOLW\LVFULWLFDOO\LPSRUWDQW
$V D VWDUWLQJ SRLQW WKH GLIIHUHQFH DQDO\VLV IXQFWLRQ XVHV
PXOWLSOH *&(, GDWD WR GHWHUPLQH WKH FRPSRQHQWV REVHUYHG
ZLWKLQWKHWZRVDPSOHV KHUHUHIHUUHGWRDV$DQG% 7KHQD
WWHVWVWDWLVWLFDODQDO\VLVLVGRQHWRH[WUDFWWKHFRPSRQHQWVWKDW
DUHGLIIHUHQW$IWHUZDUGVDIXOOLQWHJUDWHGDQDO\VLV )LJ LV
SHUIRUPHGXVLQJWKH*&(,GDWDDQG*&6,GDWD,IDFKDUDFWHULVWLF
FRPSRQHQWLQ$RU%LVQRWUHJLVWHUHGLQWKHOLEUDU\GDWDEDVHWKH

Fig. 7 Two combination ion sources
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DTXLFNYLVXDOXQGHUVWDQGLQJRIWKHGLIIHUHQWFRPSRQHQWV
$VDQH[DPSOHRIGLIIHUHQFHDQDO\VLVXVLQJPV)LQH$QDO\VLV
9HUVLRQ  WKH HYROYHG JDV DQDO\VLV UHVXOWV RI WZR HSR[\
W\SHV RI DGKHVLYHV DUH VKRZQ LQ Fig. 10 $ KHDGVSDFH *&
06PHWKRGZDVXVHGIRUWKLVDQDO\VLV7KHGLIIHUHQFHDQDO\VLV
SDUDPHWHUV ZHUH DV IROORZV $FTXLVLWLRQ QXPEHUV ZHUH  IRU
HDFK *&(, PHDVXUHPHQWV WKH VLJQLILFDQFH OHYHO ZDV 
DQG WKH WKUHVKROG IRU LQWHQVLW\ GLIIHUHQFH ZDV VHW WR  7KH
XSSHUVHFWLRQRI)LJVKRZVWKH7,&FKURPDWRJUDPV VROLG
OLQHV  DV ZHOO DV WKH GHWHFWHG SHDNV IURP FKURPDWRJUDSKLF
GHFRQYROXWLRQ(DFKSHDNLVFRORUFRGHGZLWKEOXHLQGLFDWLQJ
D FKDUDFWHULVWLF FRPSRQHQW IRU DGKHVLYH $ UHG LQGLFDWLQJ D
FKDUDFWHULVWLFFRPSRQHQWIRUDGKHVLYH%DQG\HOORZLQGLFDWLQJ
DFRPSRQHQWWKDWLVREVHUYHGLQERWK$DQG% QRGLIIHUHQFH 
7KHEOXHDQGUHGFRORUVFKHPHLVDOVRDSSOLHGWRWKHLQWHJUDWHG
DQDO\VLVUHSRUWLQWKHORZHUVHFWLRQRIWKHZLQGRZEXWZKLWHLV
XVHGLQWKLVFDVHWRLGHQWLI\WKHFRPSRQHQWVREVHUYHGLQERWK$
DQG% QRGLIIHUHQFH 7KHGLIIHUHQFHDQDO\VLVUHVXOWVIRUWKLV
H[DPSOHVKRZHG
7ROXHQHZDVREVHUYHGLQERWKDGKHVLYHV
$GKHVLYH$KDGDKLJKLQWHQVLW\SHDNIRUEXWDQROWKDWZDV
QRWREVHUYHGIURPDGKHVLYH%

$ GKHVLYH % KDG VHYHUDO DURPDWLF FRPSRXQGV VXFK DV
HWK\OEHQ]HQHDQG[\OHQH
$GKHVLYH%KDGF\FOLFVLOR[DQHV
)RU FRQYHQWLRQDO *&06 GLIIHUHQFH DQDO\VLV LI WKH
H[WUDFWHG FKDUDFWHULVWLF FRPSRQHQW LV QRW UHJLVWHUHG LQ WKH
OLEUDU\ GDWDEDVH WKHQ LW FDQ EH GLIILFXOW WR LGHQWLI\ WKLV
XQNQRZQFRPSRQHQW+RZHYHUXVLQJPV)LQH$QD\VLV9HUVLRQ
PDNHVLWSRVVLEOHWRDXWRPDWLFDOO\LGHQWLI\WKHVHFRPSRQHQWV
XVLQJ WKH LQWHJUDWHG DQDO\VLV ZRUNIORZ WKDW LV VXEVHTXHQWO\
SHUIRUPHG DIWHU WKH GLIIHUHQFH DQDO\VLV 7KLV LQQRYDWLYH
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Conclusions
7KH QHZ -067*& ³$FFX72) 70  *&$OSKD´ LV D
QHZKLJKUHVROXWLRQ*&72)06WKDWUHSUHVHQWVDVLJQLILFDQW
LPSURYHPHQW RYHU WKH SUHYLRXV JHQHUDWLRQ LQVWUXPHQWV 7KH
KDUGZDUH ZDV FRPSOHWHO\ UHGHVLJQHG IRU LPSURYHG UHVROYLQJ
SRZHU PDVV DFFXUDF\ VHQVLWLYLW\ DQG VWDELOLW\ $ORQJ ZLWK
WKH LPSURYHG KDUGZDUH RI WKH $FFX72) 70 *&$OSKD WKH
DXWRPDWLFTXDOLWDWLYHDQDO\VLVVRIWZDUH³PV)LQH$QD\VLV´ZDV
DOVRXSJUDGHGWRLQFRUSRUDWHGLIIHUHQFHDQDO\VLVEHWZHHQWZR
VDPSOHV ZKLOH DOVR FRQWLQXLQJ WR FDSLWDOL]H RQ WKH LQWHJUDWHG
DQDO\VLV ZRUNIORZ WKDW WKLV VRIWZDUH LV NQRZQ IRU 7KH
FRPELQDWLRQRI$FFX72)70*&$OSKDDQGPV)LQH$QDO\VLVLVD
WUXO\SRZHUIXOVROXWLRQIRU*&06TXDOLWDWLYHDQDO\VLV

Fig. 8 msFineAnalysis: Integrated analysis workflow
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Fig. 9 msFineAnalysis Ver.3: 2-samples comparison GUI

9ROFDQRSORW



'LIIHUHQFHRIVDPSOHVDQG
UHSURGXFLELOLW\
(DV\WRYLHZFKDUDFWHULVWLF
FRPSRQHQWV

&ODVVLILFDWLRQ



'LVWULEXWLRQRIHDFKFODVV
$RU%RQO\ $!%$%$ %

(,6,LQWHJUDWHG
DQDO\VLVUHVXOW
3RVVLEOHWRUDSLGO\ILQG
FKDUDFWHULVWLFRUFRPPRQ
FRPSRQHQWVWRHDFKFRPSRQHQW
'LIIHUHQFHDQDO\VLVUHVXOW

z

)RUDOOWKHGDWDDGGHWHFWHGFRPSRQHQWVLGHQWLILFDWLRQMXGJHPHQW LVFRQGXFWHGDQGWKHQGLIIHUHQFHDQDO\VLVWKDWWDNHVDFFRXQWRI
VWDWLVWLFDOUHSURGXFLELOLW\ LVSHUIRUPHG

z

'LIIHUHQFHDQDO\VLVUHVXOW&ODVVLILFDWLRQ,QWHQVLW\UDWLR /RJ %$ SYDOXH1XPEHURIHPHUJHQFH9ROFDQRSORW

z

$IWHUGLIIHUHQFHDQDO\VLVWKH(,6,LQWHJUDWHGDQDO\VLVRIDOOWKHFRPSRQHQWV LVFRQGXFWHG

Fig. 10 Evolved-gas difference analysis of material components using HS-GC-TOFMS

%OXHVROLGOLQH7,&RI$GKHVLYH$
5HGVROGOLQH7,&RI$GKHVLYH%
5HGSHDN
$GKHVLYH%FKDUDFWHULVWLFFRPSRQHQW

<HOORZSHDN
FRPPRQ
FRPSRQHQW

%OXHSHDN
$GKHVLYH$FKDUDFWHULVWLFFRPSRQHQW

'LIIHUHQFHDQDO\VLV,QWHJUDWHGDQDO\VLVUHVXOW

%OXHOLQH$GKHVLYH$
FKDUDFWHULVWLFFRPSRQHQW

5HGOLQH$GKHVLYH%
FKDUDFWHULVWLFFRPSRQHQW

:KLWHOLQH&RPPRQFRPSRQHQW

72

7

8

9

MS

MSTips : 332
GC-TOFMS Application

Effect of JMS-T2000GC high mass resolution on the analysis result
－KMD Plot comparison using msRepeatFinder－
Related Product: Mass Spectrometer(MS)
Introduction

Recently, JEOL announced the release of the JMS-T2000GC “AccuTOFTM GC-Alpha”, which is the 6th generation GC-HRTOFMS
in the JEOL “AccuTOFTM GC” series (Fig. 1). The GC-Alpha achieves three times higher mass resolving power (10,000→30,000 @
m/z 614）and three times higher mass accuracy (3ppm→1ppm, EI standard ion source) than the previous model. In this work, we
used direct probe field desorption (FD) of crude oil (a very complex mixture) to monitor the effects of improved resolution. Additionally,
the JEOL msRepeatFinder software was used to examine the crude oil data by using Kendrick mass defect (KMD) plots in order to
more clearly visualize the effects of improved mass resolution on the analysis results.

Fig. 1 JEOL GC-HRTOFMS systems: JMS-T2000GC

Experimental

Crude oil from the Gulf of Mexico (SRM2779, NIST) was used as the sample. The previous generation JMS-T200GC and new
generation JMS-T2000GC equipped with EI/FI/FD combination ion sources were used for the sample analysis. Table 1 shows the
measurement conditions for these systems. The data from each system was then analyzed by using msRepeatFinder to confirm
the effect of improved mass-resolving power on the analysis results.

Table 1. Measurement and analysis conditions
MS conditions
Spectrometer

JMS-T2000GC (JEOL Ltd.)
JMS-T200GC (JEOL Ltd.) (Previous model)

Ion Source

EI/FI/FD combination ion source

Ionization

FD+: -10kV, 0→51.2mA/min→50mA

Mass Range

m/z 35-1,600

Data processing condition
Software

msRepeatFinder (JEOL Ltd.)
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Result

Fig. 2 shows the FD mass spectrum obtained by both instruments. Although the overall spectrum patterns were very similar, a
closer inspection of the peaks showed that the peak separation differed significantly for each instrument. The JMS-T2000GC (Fig.
2(a)) showed a clear mass separation of each hydrocarbon component, even in the high mass range above m/z 600, that is the
result of the new system having a higher mass resolving power. In contrast, the mass separation for the previous model was
insufficient, particularly in the high mass range, to adequately resolve the mass peaks from each other.
MS: 0.0414-0.4996 / CrydeFD_7173_02 / FD+(eiFi) / 2800V /
100

(50717)
282.3280
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Fig. 2 FD mass spectra for crude oil: (a) JMS-T2000GC data, (b) Previous model data
Next, msRepeatFinder was used to visualize each FD mass spectrum with KMD plots (Fig. 3). The JMS-T2000GC KMD plot (Fig.
3(a)) clearly showed the family of components over the full mass range (including the components above m/z 600). This outcome
is a direct result of the improved peak separation, as shown in Fig. 2. On the other hand, the KMD plot for the previous model
showed very poor results for the peaks above m/z 600, with many components disappearing because of insufficient mass
separation. Basically, the unresolved peaks are being treated as single components despite the fact that there are multiple
components, thus resulting in the loss of KMD Plot information in the high mass range.

(a)

(b)

Fig. 3 KMD Plots of FD mass spectrum: (a) JMS-T2000GC data, (b) Previous model data
Conclusions

The above results confirmed that the high resolving power achieved by the JMS-T2000GC was particularly effective for direct mass
measurements (FD probe) of complex materials like crude oil. Additionally, the KMD plots clearly showed that the T2000GC high massresolution dramatically increased the number of detected components as a result of the improved mass separation.
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MS

MSTips : 331
GC-TOFMS Application

Effect of high mass accuracy on the analysis result by JMST2000GC－Effect to narrow down the result of msFineAnalysis integrated analysis－
Related Product: Mass Spectrometer(MS)
Introduction

JEOL Ltd. recently announced the JMS-T2000GC “AccuTOFTM GC-Alpha” which is the 6th generation GC high resolution time-offlight MS (GC-HRTOFMS) in the “AccuTOFTM GC” series that was first released in 2004. The GC-Alpha (Fig. 1) represents a
significant improvement in capabilities over the previous model with three times higher mass resolving power (10,000→30,000 @ m/z
614）and three times higher mass accuracy (3ppm→1ppm, EI standard ion source). In this work, we used the thermal decomposition
of an acrylic resin to evaluate how improved mass accuracy can affect the analysis results for a complex sample. Additionally, the
msFineAnalysis Version 3 software included with the JMS-T2000GC was used to quickly determine the impact of improved mass
accuracy on the qualitative analysis results.

Experimental

Table 1 shows the measurement conditions for the pyrolysis GC-MS measurements. A JMS-T2000GC equipped with a Frontier Lab
pyrolyzer and the JEOL EI/FI combination ion source was used for the measurements, and a commercially available acrylic resin was
used as the sample -- 0.2mg for EI method and 1.0mg for FI method, respectively. The resulting data was then analyzed by using the
msFineAnalysis integrated workflow (next section, Fig. 2) to examine the effects of high mass accuracy on the analysis results.

Table 1. Measurement and analysis conditions
Pyrolysis conditions

MS conditions

Pyrolyzer

EGA/PY-3030D(Frontier Lab)

Pyrolysis Temperature

600oC

GC conditions
Gas Chromatograph

Spectrometer

JMS-T2000GC (JEOL Ltd.)

Ion Source

EI/FI combination ion source

Ionization

EI+:70eV, 300μA

Mass Range

m/z 35-800

8890A GC
(Agilent Technologies)

Column

ZB-5MSi (Phenomenex)

Oven Temperature

40oC(2min)-10oC/min

30m x 0.25mm, 0.25μm

-320oC(15min)
Injection Mode

Split mode (100:1)

Carrier flow

He:1.0mL/min

FI+:-10kV, 40mA/30msec

Data processing condition
Software

msFineAnalysis (JEOL Ltd.)

Library database

NIST17

Tolerance

±5mDa、±2mDa

msFineAnalysis Software

Fig. 1 JEOL GC/HR-TOFMS systems:
JMS-T2000GC

Fig. 2 shows the msFineAnalysis workflow in which GC/EI data and GC/soft
ionization (SI) data are analyzed together to automatically produce an integrated
qualitative analysis report. The 5 qualitative analysis steps that are automatically
executed are:
1. Library database search using EI mass spectrum
2. Automatic search of molecular ion in the SI mass spectrum
3. Accurate mass analysis for the molecular ion
4. Isotope pattern matching analysis to narrow down the candidate
molecular formulas
5. Accurate mass analysis of EI fragment ion and narrowing down
molecular formula candidates by using the composition condition of
molecular formula candidate obtained in 1 and 4.
By combining the accurate mass analysis of the EI and SI mass spectra,
msFineAnalysis cannot only identify components registered in the library but can
also determine the elemental composition for unregistered components.

Fig. 2 msFineAnalysis workflow
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Result

For accurate mass analysis, an error tolerance is specified based on the mass accuracy capabilities of the instrument. The
previous generation models (i.e. JMS-T200GC) required an error tolerance of ±5 mDa for the elemental compositions. However,
with the higher mass accuracy of the JMS-T2000GC, it is possible to narrow this error tolerance, which in turn lowers the number
of possible elemental compositions calculated for each analyte. The goal of these experiments was to examine the effect of error
tolerance for the 120 components (Intensity ≥0.05%) that were observed during thermal decomposition of the acrylic resin.
Fig. 3 shows the results for the automatic analysis for the pyrolysis of acrylic resin using msFineAnalysis. The blue color shows
the percentage of components that resulted in one molecular formula candidate, the yellow shows the percentage that had two or
more molecular formula candidates, and the gray shows the percentage with no clear molecular formula candidate. The left pie
chart shows the analysis results when using an error tolerance of ±5 mDa. Because of this wider tolerance, there were many
analytes with more than one candidate molecular formula (yellow). Consequently, only 58% of the 120 components were
narrowed down to a single molecular formula candidate. Next, the error tolerance was lowered to±2 mDa, and the results are
shown in the Fig.2 central pie chart. The narrower tolerance eliminated many false positive candidates and increased the number
of components with only one molecular formula candidate to 75%. Next, the elements used for the elemental composition
calculations were narrowed to include only C/H/O because the acrylic resin substructure only includes these elements. The pie
chart on the right shows the results of removing nitrogen from the search while continuing to use the narrower tolerance of
±2mDa. As a result, the number of components identified with one molecular formula increased to 84% (101 components).
■ Blue: Chemical formula candidate only 1, ■ Yellow: Chemical formula candidate 2 or more
■ Grey: None (Reason: molecular ion mass error, isotope pattern matching score, EI fragment coverage score, mis-assignment, etc.)

10

11

2

58 %

75 %

Tolerance: 5mDa
Elements: C, H, N, O
Electron: Odd

Tolerance: 2mDa
Elements: C, H, N, O
Electron: Odd

17

84 %

Tolerance: 2mDa
Elements: C, H, O
Electron: Odd

Fig. 3 Comparison of automatic analysis results for 120 components
The remaining 19 components were not automatically narrowed down to a single candidate composition for the following reasons:
• [M]+▪ and [M+H]+ were present together so the isotope pattern did not match.
• Only [M+H]+ were observed (since the number of electrons in the proton-added molecule is even, the Odd electron search
constraint did not give the correct result).
• The relative intensity of the molecular ion was lower than the default threshold of 10% for ion peak detection and was not
correctly assigned.
• The absolute intensity of the molecular ion was low and the peak shape was poor, resulting in a mass error of more than 2mDa.
• It was considered to be a fully co-eluting component, and the EI fragment ion coverage was low.
By manually verifying the measurement data and analysis results for these final 19 components, we were able to narrow down the
list to one candidate molecular formula (Fig. 4), thus identifying a single elemental composition for all 120 components that
resulted from the pyrolysis of acrylic resin.

2

Reason for Yellow and Grey

17

M/MH Coexistence

= Isotope pattern matching
error

101 compounds,
84 %

MH Only (No M)

= Electron should be Even

Miss-assigned for M
= Need manual reassignment

>2mDa mass error

= Need set wider tolerance

Tolerance: 2mDa
Elements: C, H, O
Electron: Odd

Conclusions

Co-eluted

= EI fragment coverage
error

8
2
3
5
1

120 compounds,
100 %
Tolerance: 2mDa
Elements: C, H, O
Electron: Odd
plus Confirmation by analyst

Fig. 4 Confirmation by analyst for 19 components

The high mass accuracy of the new JMS-T2000GC allows the analyst to use narrower mass error tolerances within
msFineAnalysis. As a result, the software was able to automatically narrow down the number of molecular formula candidates to a
single possibility for the majority of the observed components. For components that had more than one candidate formula (yellow)
or did not have a formula candidate (gray), the analyst was able to quickly focus on these components and manually verify the
mass spectrum and analysis results. The combination of the JMS-T2000GC with the automatic analysis capabilities of the
msFineAnalysis software provides a powerful solution that simplifies the qualitative analysis of complex samples.
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Development of an Integrated
Analysis Method for the JMS-T200GC
High Mass-Resolution GC-TOFMS by
Electron Ionization and Soft Ionization
Methods
Masaaki Ubukata and Yoshihisa Ueda

MS Business Unit, JEOL Ltd.

We have developed a new software package with a new workﬂow for identifying unknown compounds from GChigh resolution MS (GC-HRMS) data. In this newly designed workﬂow, unknown compounds are determined by
correlating the data results obtained by using a hard ionization method such as Electron Ionization (EI) and a soft
ionization method such as Field Ionization (FI) with high-resolution mass spectrometry.
The new data reduction software 'msFineAnalysis' was used to identify unknown compounds in the data from
pyrolysis/GC-HRMS analysis of vinyl acetate resin. The new workﬂow implemented in this software improved the
accuracy of identiﬁcation and eliminated misidentiﬁcation of unknown compounds.

Introduction
When a sample composed of unknown compounds is analyzed
by using GC-MS (gas chromatograph mass spectrometer), the
compound peaks separated by the GC are identified by using
their corresponding mass spectra. Electron Ionization (EI) is
widely used for GC-MS [1] because of the availability of mass
spectral databases that contain hundreds of thousands of spectra
for compounds that are frequently analyzed by GC-MS. EI mass
spectra are typically acquired using the standard ionizing electron
energy of 70 eV which produces fragmentation patterns that are
directly related to the compound’s structure. Additionally, the
relative intensity ratios for the fragment peaks are always constant
if the ionizing electron energy is kept constant. Consequently, the
mass spectrum of the same compound acquired with the same
ionization energy, exhibits a reproducible spectral pattern. Mass
spectral database searches (commonly called “library searches”)
utilize this feature of EI for compound identiﬁcation [2].
While mass spectral library searches are very simple to
implement for identifying compounds acquired by GC-MS, this
method has the following disadvantages. 1) For compounds
having similar structures (in particular for compounds whose
elemental compositions of substituents are slightly different
from each other), the mass spectra acquired by using EI can be
very similar, and therefore, the chemical compounds may not
be identiﬁed from the library search result. 2) For compounds
which are not included in the library search databases (i.e.
pyrolyzed products detected by pyrolysis analysis), it is
impossible to identify them with a library search. In case 1),
〉〉Musashino, Akishima, Tokyo, 196-8558, Japan | E-mail: yueda@jeol.co.jp
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if the molecular ion peaks are found in the mass spectra, it
can be possible to determine the elemental composition of
the target compound. However, because EI is a high-energy
ionization method, the chemical structure of a given compound
can fragment extensively, making it difﬁcult, if not impossible,
to observe the molecular ions. If a low-resolution mass
spectrometer is used for the measurement, even if molecular
ions are observed, their mass-to-charge ratios are only reported
as integer values. An integer value for the molecular ion m/z is
not sufﬁcient for determining the elemental composition because
there are many combinations of elemental masses that can have
a specific integer mass. A high-resolution mass spectrometer
(HRMS) can provide accurate mass measurements with a
precision in the 3rd or 4th decimal place which in turn allows for
more accurate elemental composition assignments. For case 2),
identiﬁcation of chemical compounds that are not present in the
databases cannot be obtained by library searches alone so using
the HRMS accurate mass information for molecular ions (as
well as fragment ions) can help narrow down the possibilities.
In this work, we used the JMS-T200GC AccuTOFTM GCxplus GC-high resolution time-of-flight MS (GC-HRTOFMS)
equipped with both EI and Soft Ionization (SI) to generate
molecular ions. We then used the newly developed software
application ‘msFineAnalysis’ to combine the information
obtained from the EI library searches with the SI molecular
ion accurate mass and isotope analysis to identify the sample
components [3, 4]. The details of the msFineAnalysis qualitative
analysis work ﬂow will be introduced along with the application
of this software to the thermal analysis of resin products.
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Analysis Flow
Figure 1 shows the qualitative analysis work flow using
only library search by the conventional EI method (left) and
using the new integrated analysis work flow utilized in the
msFineAnalysis software (right). The procedures for the new
analysis work ﬂow are as follows:
1. For the data acquired by the EI and SI methods, the peaks
in the total ion chromatogram (TIC) are detected to create
mass spectra.
2. For the mass spectra acquired by each ionization method, each
spectrum is associated with a corresponding chromatographic
peak retention time, and then, the mass spectra with the same
retention times are assigned as the same component.
3. The EI mass spectra are library searched for matches. ①
4. The SI mass spectra are used to determine the molecular
ions for each analyte. ②
5. An accurate mass analysis is done for each of the detected
molecular ions. This analysis involves directly comparing
the possible elemental composition formulas to the
statistically-significant EI library search results from
Step 3 in order to narrow down the most likely elemental
composition candidates for a given analyte. ③
6. An isotope pattern analysis is conducted to further reﬁne
the molecular ion elemental composition candidates. ④
7. Using these possible molecular ion composition formulas
as the search constraints, an accurate mass analysis is
performed for the fragment ions in the EI mass spectra. If
a given molecular ion formula is not correct, then the EI
fragment ions will not show good matches and will result
in a low EI fragment ion interpretation ratio.
8. The interpretation ratio is used to further refine the
molecular-ion formula candidates. ⑤
9. Finally, all of these analysis results are integrated together into a
qualitative analysis report for the peaks detected in the sample. ⑥

Analysis Examples:
Pyrolysis data analysis of vinyl acetate resin
(1) Analytical Condition

A JMS-T200GC equipped with a pyrolyzer was used to
measure a commercially-available vinyl acetate resin. A
combination EI and Field Ionization (FI) source was used with
the system to measure the samples. The measurement conditions
for the GC-HRTOFMS and pyrolyzer are listed in Table 1.
Since an EI/FI combination ion source was used for this work, it
was not necessary to exchange sources when switching between
the EI and FI methods.
The EI and FI sample measurements were subjected to the
new msFineAnalysis work flow. Afterwards, these analysis
results were compared to an analysis with only EI library
search results to conﬁrm the improved capabilities of this new,
innovative analysis work ﬂow.
(2) Analysis Results

The EI and SI total ion current chromatograms (TICCs) for the
resin sample were automatically analyzed by msFineAnalysis using
the analysis work ﬂow shown in Fig. 1. In total, 33 components
were detected during the sample measurement (Fig. 2). Each
component was categorized according to the reliability of its
identiﬁcation results. The three classiﬁcation types are shown as
different colors in the report (Fig. 3).
Green: EI search result had high similarity score and matched
the identiﬁed SI molecular ion. High probability that
the analyte has been identiﬁed correctly.
Orange: Multiple candidates with significant molecular
elemental composition formulas were obtained.
White: No significant molecular composition formula was
obtained.
A comparison between the integrated analysis results acquired
by msFineAnalysis and the conventional GC/EI analysis

Fig. 1 Analysis flow comparison with conventional GC-MS qualitative analysis
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④
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⑥
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results are shown in Fig. 4. Conventional EI data analysis only
resulted in the high-confidence identification of one-fourth of
the components. However, the new msFineAnalysis work ﬂow,
which also included molecular ion formula estimation and
isotopic analysis, enabled the determination of more than 90%
of the components. Furthermore, the new software used the EI
fragment ion formulas to obtain additional structural information
for the analytes. For the library-registered components
(similarity: high), the new analysis method showed highly
reliable qualitative analysis results that involved combining the
library search results and the molecular composition formulas.
Even for unknown components that do not show a good library
match (similarity: low) and are thus difﬁcult to identify by using
the conventional GC/EI method (left in Fig. 1), msFineAnalysis
also estimated the molecular composition formulas obtained
with soft ionization. Consequently, the new analysis method,
irrespective of high or low similarity, uses the accurate mass

molecular ion information to estimate elemental compositions
that can further reﬁne the candidate identiﬁcation. Furthermore,
these results showed that msFineAnalysis provides a very
effective work ﬂow for the qualitative analysis of GC-MS data.
To demonstrate the details of the new analysis method, we
will present two kinds of identiﬁcation examples that are typical
for qualitative analysis.
(3) Example 1: Peaks detected at a retention time
around 2.49 min

Mass spectra acquired by EI and FI are shown in Fig. 5. A
library search of the EI mass spectra resulted in several matches.
However, all of the matching spectra had similarity scores of
less than 700, indicating that there is a low probability that the
related peaks correspond to these compounds. On the other
hand, the SI mass spectra showed clear peaks at m/z 106.06 and
m/z 128.12. The m/z 128.12 (larger m/z ) was selected as the

Table 1 Measurement Condition
[Pyrolysis condition]
Pyrolysis Temperature

600 ℃

[GC Condition]
Column
Oven Temperature
Injection Mode

DB-5msUI, 15 m × 0.25 mm, 0.25 μ m
50 ℃ (1 min) - 30 ℃ /min - 330 ℃ (1.7 min)
Split mode (100:1)

[MS condition]
Spectrometer
Ion Source
Ionization

JMS-T200GC (JEOL Ltd.)
EI/FI combination ion source
EI+ : 70 eV, 300 μ A
FI+ : -10 kV, 6 mA/10 msec, Carbotec emitter

Fig. 2 Total Ion current chromatograms for Py-GC/TOFMS analysis of vinyl acetate sample
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Fig. 3 Data analysis results of vinyl acetate sample by msFineAnalysis software
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molecular ion peak, and its accurate mass was used to estimate
an elemental composition of C8H15O (error 0.1 mDa). Next, this
composition “C8H15O” was used as the element limits to estimate
the fragment ion formulas in the EI mass spectrum. The results
showed that 6 out of the 7 higher intensity peaks were likely a
product of the “C8H16O” elemental composition. These results
also suggested that 1 of the 7 peaks may not be a peak derived
from C8H16O. To explore this possibility, extracted ion current
chromatograms (EICC) for both peak types (C8H16O:m/z 55.05,
97.10 and non-C8H16O:m/z 75.04) were created, and the results
showed that there was a clear difference in the chromatographic
peak shapes/times in each chromatogram (Fig. 6). These results
suggested that ion peaks produced by different chemical species
were co-eluting at a retention time of ~2.49 min. To test this
hypothesis, a library search was conducted using only a mass
spectrum produced from the latter part of the peak at 2.49 min,
so as to exclude as much as possible the contribution from the
co-eluted components. The search came up with “3-Penten1-ol, 2,2,4-trimethyl- : C8H16O” with a similarity of over 800.
Furthermore, the composition for this compound exactly matched
the initially-estimated elemental composition of C8H16O.
The peak at 2.49 min analyzed by using the conventional
GC/EI method (only library search of the EI mass spectra) did
not provide enough information to narrow down the candidate
compounds. However, the msFineAnalysis work flow using the
combined EI and FI mass spectral information resulted in a single,
strongly supported candidate “3-Penten-1-ol, 2,2,4-trimethyl-”.
(4) Example 2: Peaks detected at a retention time
around 8.15 min

Mass spectra acquired by EI and FI are shown in Fig. 7. A
library search of the EI mass spectrum revealed one compound
with a similarity of 801 (2,2'-(Ethane-1,2-diylbis(oxy))
bis(ethane-2,1-diyl) dibenzoate) along with 7 other compounds

with similarities of more than 750 (shown on Table 2).
Consequently, it was difficult to make an unambiguous
identiﬁcation using only the library search results. The SI mass
spectra showed a clear peak appearing at m/z 315.12, suggesting
that this peak is likely to be the molecular ion. Table 3 shows
the possible elemental composition formulas calculated using
the accurate mass of this peak. All four compositions had
calculated values that were within 3 mDa of the measured
value. Next, a comparison of Table 2 and Table 3 showed
that “Diethylene glycol dibenzoate” (similarity of 788) had
an elemental composition that matched C18H18O5. Next, this
composition “C 18H 18O 5” was used as the element limits to
estimate the fragment ion formulas for 5 high intensity peaks
in the EI mass spectrum. All of the peaks produced elemental
compositions (errors less than 3 mDa) consistent this compound
(Table 4). These results all strongly support “Diethylene glycol
dibenzoate” as the peak detected at retention time ~8.45 min.
As described above, the peak detected at a retention time around
8.45 min was difﬁcult to identify through an EI library search result
alone, as there were a number of possible candidates with close
similarity matches. However, the msFineAnalysis software, with
its ability to combine EI and SI data analysis, resulted in a single,
strongly supported candidate “Diethylene glycol dibenzoate”.

Summary
For the analysis of unknown compounds using GC-TOFMS
with high-mass resolution, a new analytical work flow was
devised that combined conventional EI library search, molecular
ion elemental compositions acquired using a SI method (FI for
this work), and the EI fragment ion accurate mass information to
identify the targeted chemical species. This innovative analysis
work flow led to the development of the new GC-HRMS
analysis software msFineAnalysis.

Fig. 5 Mass spectra at around retention time 2.49 min measured by EI and FI
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Fig. 6 TICC and EICC at around retention time 2.49 min
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Fig. 7 Mass spectra at around retention time 8.45 min measured by EI and FI
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Table 2 Results of library search for the mass spectrum of peak at 8.45 min retention time
No

Compound Name

Similarity

Fomula

1

2, 2'-(Ethane-1, 2-diylbis(oxy))bis(ethane-2, 1-diyl) dibenzoate

801

C20H22O6

2

Diethylene glycol dibenzoate

788

C18H18O5

3

1, 3-Dioxolane, 2-(methoxylmethyl)-2-phenyl-

787

C11H14O3

4

Benzoic acid, 2-(3-nitrophenyl)ethyl ester

778

C15H13NO4

5

Benzoic acid, 2-(4-nitrophenoxy)ethyl ester

776

C16H13NO5

6

3, 6, 9, 12-Tetraoxatetradecane-1, 14-diyl dibenzoate

764

C24H30O8

7

Ethanol, 2-(4-phenoxyphenoxy)-, benzoate

752

C21H18O4

8

1, 3-Dioxolane, 2-phenyl-2-(phenylmethyl)-

750

C16H16O2

9

Benzoic acid, 2-(2-chlorophenoxy)ethyl ester

730

C15H13ClO3

10

3, 4-Pyridinedicarboxylic anhydride

703

C7H3NO3

Table 3 Results of esimation of elemental composition for the MS peak of 314.11462
Fomula

Calculated m/z

Error/mDa

C18H18O5

314.11488

-0.26

C16H16N3O4

314.11353

1.09

C19H14N4O

314.11621

-1.59

C21H16NO2

314.11756

-2.94

C13H18N2O7

314.11085

3.77

Table 4 The results of estimation of elemental compositions for the peaks in mass
spectrum at 8.45 min peak
m/z of peak

Fomula

Error/mDa

51.02244

C4H3

-0.48

77.03809

C6H5

-0.49

105.03439

H7H5O

0.9

105.08898

C5H13O2

-2.02

149.05995

C9H9O2

0.25

Using this software for library-registered compounds
(similarity: high), it is possible to provide highly reliable
qualitative analysis results that combine the EI library search
results with the SI molecular ion elemental composition results.
Furthermore, the msFineAnalysis software made it possible to
estimate the molecular ion elemental composition as well as the
fragment ion elemental compositions for unknown compounds
that do not show a good library match (similarity: low). These
results provided a stronger foundation for identifying unknowns
than using the conventional EI with library search method alone.
Irrespective of high or low similarity, the new analysis method
enables the estimation of molecular composition formulas and to
refine candidates for identification. Thus, msFineAnalysis is very
effective for qualitative analysis of GC-HRMS (JMS-T200GC) data.
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AccuTOF-GCx Series
Comparison of performance between PI and FI by using
GC-HRTOFMS
Introduction
Electron ionization (EI) is a common ionization technique
for gas chromatography/mass spectrometry (GC/MS).
However, EI often does not produce strong molecular ions
(M+䞉) because the excess energy generates fragment ions
during the ionization process.
The detection of the molecular ion is very important for
confirming the molecular weight of the target compounds.
Therefore, a soft ionization technique is often necessary to
determine the molecular weight information.
Field ionization (FI) is well known as one of the softest
ionization techniques commercially available. Similarly,
photoionization (PI) can produce molecular ions. In this
application note, the characteristics of PI and FI were
investigated by using various compounds. Furthermore,
the performance between EI, FI and PI for these
compounds in diesel fuel were investigated.

Experiment
All samples were analyzed by using JMS-T100GCV (JEOL
Ltd.) with the optionally available EI/FI combination ion
source and PI ion source. EI data was acquired by using the
standard 70eV ionization energy with the EI/FI combination
source. FI data was acquired by using a 5μm carbon emitter
(Carbotec Analytik) with the combination EI/FI source. A
deuterium lamp with a magnesium fluoride window
(Hamamatsu Photonics K.K.) was used as the PI source.
This lamp has an irradiation wavelength range from 115 to
400 nm (equivalent to the energy range from 3.1 to 10.7 eV)
in which the maximum radiation intensity is at 160 nm (7.7
eV). And finally, the EI, FI and PI measurements were done
with the same detector voltage so that the peak intensities
could be directly compared for each ionization method.

MS-071218

Table 1. Measurement Conditions
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Results
x All compounds produced molecular ions by FI.
x Several compounds produced very low intensity
molecular ions by PI.
x Aromatic compounds such as 2,6- dimethyl phenol
produced high intensity molecular ions by PI.
x n-Octanol produced fragment ions by both PI and FI.
These fragment ions were different from the EI
fragment ions.
x EI did not show a molecular ion for n-octanol.

MS-071218

Various n-alkanes and aromatic compounds were detected
in the diesel fuel (Fig.2 and Fig.3). The TICC in Figure 2
for EI, FI and PI show the n-alkanes as the highest
intensity peaks (blue circles) observed in the diesel fuel.
Additionally, the average FI mass spectrum in Figure 3
shows high intensity molecular ions for the n-alkanes.

However, the average PI mass spectrum showed higher
relative intensity molecular ions for the aromatic
compounds than for the n-alkanes. Even so, more
fragmentation was observed in the average PI mass
spectrum relative to the average FI mass spectrum.
The average EI mass spectrum for the diesel fuel was
dominated by hydrocarbon fragments in the low mass
region.
Conclusion
FI showed strong molecular ions for all compounds
measured in this application. PI also showed molecular
ions but also produced more fragment ions relative to FI.
Also, PI is sensitive for the measurement of aromatic
compounds, making it particularly useful for looking at
polycyclic aromatics. This application note confirms that
PI and FI are soft ionization techniques that can be used
to complement the EI results.

Fig. 1. Compared mass spectra by EI (top), PI (middle) and FI (bottom)
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Table 2. Comparison of the
molecular-ion detection by FI and PI
F.I. : Fragment ion

Fig.2. TICC chromatograms of diesel fuel

MS-071218

Fig.3. Average mass spectra of diesel fuel
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AccuTOF-GCv Series
High-speed 50 Hz Data Acquisition Capability for
Comprehensive 2-dimensional GC Measurements
Introduction
The comprehensive 2-dimensional GC (GC x GC)
technique provides higher-separation capabilities for
complex mixtures than the typical 1-dimensional GC
measurements. However, the GC x GC technique
requires high speed data acquisition, e. g. > 20 Hz, for the
GC detectors due to the shorter 2nd GC column which
elutes samples within just a few seconds (comparable to
those used for the ultra-fast GC measurements).
Recently, JEOL has developed a new generation
GC-HRTOFMS system called the “AccuTOF GCv 4G”.
The AccuTOF GCv 4G has high sensitivity, high
resolution, high mass accuracy and high speed data
acquisition, all simultaneously. In fact, this instrument
can measure data using up to a 50 Hz data acquisition
speed which is more than sufficient to do not only fast
GC measurements but also GC x GC measurements.
In this work, we measured diesel fuel and crude oil using
the GC x GC technique with the 50 Hz data acquisition
speed available on the AccuTOF GCv 4G.

Condition
Sample
Concentration
GCxGC system
1st column
2nd column
Modulator
Modulator period
Modulator duration
Hot jet temp.
Hot jet gas pressure
Cold jet flow
Inlet pressure
Inlet mode
Oven temp.

MS-070113

GC-HRTOFMS system
Ion source
Ionization mode
m/z range
Acquisition speed

Experimental
Sample information and measurement condition are
shown in Table 1.
Results
To start, the sensitivity for the GCxGC/HR-TOFMS
system was tested by measuring 1pg of
octafluoronaphthalene (OFN). The signal to noise ratio
(S/N) for this sample was checked with both the
modulator OFF and then ON. These results confirmed
that the GCxGC column condition and modulator were
working well. The OFN mass chromatograms for each
scenario are shown in Figure 1.
The S/N values for the 1pg OFN sample were over 100
for both modulator statuses. These results clearly showed
high sensitivity even when the high speed 50 Hz
acquisition capability is used. Additionally,
2-dimensional and 3-dimensional mass chromatograms
were constructed for the OFN sample, and then the data
was analyzed by using both a NIST library search and the
accurate mass measurements for the sample (Figure 2).

System check

Oil application

OFN
1 pg/uL (Hexane)

Diesel Fuel, Crude Oil
1/100 (Hexane)

ZX2 thermal modulator (ZOEX)
Rxi-5SilMS, 30 m x 0.25 mm, 0.25 um
Rxi-17SilMS, 2 m x 0.15 mm, 0.15 um
Deactivated fused silica, 1.5 m x 0.15 mm
6 sec
8 sec
400 msec
270 C
40 psi
18 L/min
200 kPa (Out flow: 2mL/min)
Splitless
Split 10:1
50 C(1min) -> 3 C/min -> 300 C(6min)
AccuTOF GCv 4G (JEOL)
EI standard (High sensitivity)
EI/FI/FD combination
EI+ (70 eV, 300 uA)
m/z 35-500
50 Hz

Table 1. Measurement Condition.
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Modulator OFF
1Hz acquisition
m/z 271.9872 ± 60ppm

Modulator ON
50Hz acquisition
m/z 271.9872 ± 60ppm

*

*

*OFN peak

*

Figure 1. Mass chromatograms of OFN 1pg, Raw data, Mass windows: m/z 271.9872 ± 60ppm
Upper: modulator OFF, 1 Hz acquisition,
Lower: modulator ON, 50 Hz acquisition
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AccuTOF GCv 4G data

NIST library data
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1st column (non‐polar) separation; Boiling point

Figure 2. 2-dimensional and 3-dimensional mass chromatograms, library search
result and accurate mass measurement results using the OFN 1pg data.
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Tri‐aromatic hydrocarbons
& Dibenzothiophenes

Di‐aromatic
hydrocarbons

Mono‐aromatic
hydrocarbons

Methyl esters

Naphthenes
n‐Paraffines

90 minutes

1st column (non‐polar) separation; Boiling point

Figure 3.

2-dimensional TIC chromatogram for diesel fuel (50 Hz data acquisition).
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Tri‐aromatic hydrocarbons
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hydrocarbons
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hydrocarbons
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2-dimensional TIC chromatogram for crude oil (50 Hz data acquisition).
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Figure 4.

© JEOL USA Page 3 of 4

Diesel fuel
2nd column (polar) separation; Polarity

Applications Note

28

Crude oil

1st column (non‐polar) separation; Boiling point

Figure 5. Comparing the 2-dimensional TIC chromatograms for diesel fuel and crude oil.
The data showed good spectral matching to the NIST
data for OFN (also shown in Figure 2). Additionally, the
mass accuracy obtained for the measurement was less
than 1 mDa for the molecular ion (C10F8+, m/z 271.9872)
using an external one-point calibration for a GC column
background ion (m/z 207.0329). These results clearly
show that the AccuTOF GCv 4G is a powerful tool for
the qualitative analyses of samples using the NIST library
search and the accurate mass measurements for GC x GC
data.

Conclusion
In this work, we showed the 50 Hz acquisition
capability of the AccuTOF-GCv 4G for GC x GC
measurements. This system can provide high sensitivity,
high resolution, high mass accuracy and high speed data
acquisition measurements, all simultaneously.
Additionally, the GC x GC/EI measurements showed
very good sensitivity that was on the order of a few
picograms. Furthermore, these results showed that the
AccuTOF GCv 4G is a powerful tool for the qualitative
analyses of samples using the NIST library search and
the accurate mass measurements, even when using an
external one-point calibration, for GC x GC data.

MS-070113

Next, the diesel fuel and crude oil samples were analyzed
using similar GC x GC conditions (See Table 1). The GC
x GC results showed a large number of chromatographic
peaks present in the TICs for both samples (Figure 3 and
4). Each analysis showed good peak shapes and good
peak separations as a result of the 50 Hz acquisition
capability of the AccuTOF-GCv 4G. Further inspection of
the mass spectral data

allowed us to denote where the major hydrocarbon
compound groups are located in the 2D plots, as labeled
in Figures 3 and 4. Figure 5 shows a comparison
between the GC x GC chromatograms, which visually
highlights the qualitative differences between each
sample.
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AccuTOF-GCv Series
The Qualitative Analysis of an Antioxidant Additive Using
the Full Capabilities of the EI/FI/FD Combination Ion Source
Introduction
JEOL has developed a unique EI/FI/FD combination
ion source for the “AccuTOF GCv 4G”, a highresolution GC-time-of-flight (TOF) MS system. This
unique ion source provides the capabilities of GC/EI,
GC/FI and FD measurements without having to break
vacuum in order to switch between each ionization
mode. Additionally, this combination is particularly
powerful in that it provides library searchable
fragmentation information by using EI and high mass
accuracy molecular ion information by using FI and
FD. In this work, we measured an antioxidant additive
by using each ionization mode available on the
AccuTOF GCv 4G combination ion source (EI/FI/FD).
Experimental
Sample information and measurement condition are
shown in Table 1.

Condition
Sample
Concentration
GC-TOFMS system
Ion source
Ionization mode

MS061813

Ionization condition

GC/EI

Results
The GC/EI and GC/FI total ion chromatograms (TICs)
for the antioxidant sample are shown in Figure 1. Both
chromatograms showed the presence of 8 components
in the sample. The corresponding EI and FI mass
spectra for each component are shown in Figure 2 and
Figure 3.
The FI mass spectra for each of the 8 components
showed very simple mass spectra that were dominated
by their molecular ions. Additionally, the exact masses
measured for these compounds showed that there were
several isomers present in the antioxidant
additive—(A) one at m/z 225, (B) three at m/z 281, (C)
two at m/z 337, and (D) two at 393. The accurate mass
and calculated elemental composition results are shown
in Table 2. The ions generally showed good mass
accuracy with less than 1 mDa for both EI and FI
mode.

Measurement
GC/FI
Antioxidant additive
100 ng/uL

FD
10 ug/uL

AccuTOF GCv 4G (JEOL)
EI/FI/FD combination ion source
EI+
FI+
FD+
-10 kV,
-10 kV,
45 mA
0 mA → 51.2 mA/min →
70 eV, 300 uA
(30 msec refresh between every
45mA
stored spectrum)

m/z range

m/z 35-800

GC column
Inlet mode
Oven temp.

DB-5ms, 30 m x 0.25 mm, 1.0 um
Splitless
35 C(2min) → 10 C/min → 300 C(22 min)
Table 1. Measurement condition.
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Intensity (238352306)
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200

5
28.62

GC/EI

32.51

25.50

3

150

7
38.93

100

6
4

50

24.0
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Intensity (8412251)

3

x10

28.0

8

33.57

30.0

32.0
Time[min]

34.0

40.94

36.0
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28.61

8000

GC/FI

32.50
6000

25.49

4000

2000

38.93
33.56

40.95

0
24.0

26.0
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Time[min]
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Figure 1. The TICs for GC/EI and GC/FI

MS061813

EI mass spectra

FI mass spectra

1 (A)

1 (A)

2 (B)

2 (B)

3 (B)

3 (B)

4 (B)

4(B)

Figure 2. Mass spectra of component1-4, left: EI mass spectra, right: FI mass
spectra (A,B: Isomer group)
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EI mass spectra

FI mass spectra

5(C)

5(C)

6(C)

6(C)

7(D)

7(D)

8(D)

8(D)

Figure 3. Mass spectra of component5-8, left: EI mass spectra, right: FI
mass spectra (C,D: Isomer group)

Component
(Isomer group)

1(A)

Ionization
mode
EI
FI

2(B)

EI
FI

5(C)

EI
FI

7(D)

EI

MS061813

FI

Obs. m/z

Theo. m/z

Error
(mDa)

Fomula

210.1284

210.1283

0.1

C15H16N

225.1508

225.1518

-1.0

C16H19N

225.1515

225.1518

-0.3

C16H19N

266.1908

266.1909

-0.1

C19H24N

281.2131

281.2144

-1.3

C20H27N

281.2137

281.2144

-0.6

C20H27N

266.1917

266.1909

0.8

C19H24N

337.2769

337.2770

-0.1

C24H35N

337.2772

337.2770

0.3

C24H35N

322.2534

322.2535

-0.1

C23H32N

393.3385

393.3396

-1.1

C28H43N

393.3396

393.3396

-0.4

C28H43N

Table 2. Accurate mass measurement results
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Figure 4. NIST search for component 5.
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Figure 5. FD measurement result
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As an example of how the EI data is library searchable,
the EI spectrum for component 5 was exported to the
NIST database which in turn showed that the top
candidate for this EI fragmentation pattern is
butyl-octyl-diphenylamine (Figure 4). To further
support this match, the elemental composition of this
compound (C24H35N) exactly matches the composition
identified through the EI and FI accurate mass
measurements. Moreover, butyl-octyl-diphenylamine
is an antioxidant which further supports this
identification for component 5.

Conclusion
In this work, we showed a brief study for an
antioxidant additive using each ionization mode
available on the AccuTOF GCv 4G EI/FI/FD
combination ion source. Furthermore, each technique
was accessed without changing out the ion source or
breaking vacuum. The EI/FI/FD combination ion
source used in conjunction with the high resolution
capabilities of the AccuTOF GCv 4G is a powerful tool
for doing chemical qualitative analysis.

MS061813

Next, the same antioxidant additive mixture was
measured using FD mode, in which the sample is
loaded directly onto the emitter probe. Figure 5 shows
both the TIC and mass spectrum for this analysis. The
measurement was completed within 1 minute and
confirmed that the same four compositions were
observed in this experiment (m/z 225.2, 281.2, 337.3

and 393.3) as were observed in the GC/EI and GC/FI
analyses. Additionally, the dimers for several of these
ions were also observed in the mass spectrum. While
FD is not able to determine the presence of multiple
isomers (like the chromatography techniques), the
analysis speed (less than 1min) is very useful for
quickly evaluating the types of constituents that are
present in a given sample.
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Biomarker Analysis in Petroleum
Samples Using GC×GC-HRTOFMS
with an Ion Source Combining
Electron Ionization (EI) and Photo
Ionization (PI)
Masaaki Ubukata and Yoshihisa Ueda

MS Business Unit, JEOL Ltd.

Two kinds of petroleum samples were analyzed by “JMS-T200GC AccuTOFTM GCx-plus”, the latest model of
JEOL GC-TOFMS (gas chromatograph time-of-ﬂight mass spectrometer) that has high mass resolution and highspeed mass spectra acquisition capabilities combined with the photoionization source and the GC×GC system.
Several kinds of biomarkers such as 18-Norabiotane, Cholestane, Hopane, Adamantane, Iceane and Diamantane
could be separated and selectively detected by GC×GC and photoionization.

Introduction
As a result of recent advancement in gas chromatography
(hereinafter referred to as “GC”) technologies, especially for
capillary column technologies, a variety of capillary columns
have been developed with different separation capabilities.
Furthermore, comprehensive two-dimensional GC (hereinafter
referred to as “GC×GC”) has been developed using these
capillary column capabilities to separate chemical substances
that have very complex compositions [1, 2]. GC×GC systems
consist of two types of capillary columns with different
separation modes connected in series. Additionally, there is a
cryo-trap system (thermal modulator) placed between the ﬁrst
and second columns to modulate the sample injection into the
second column. This two-column system allows GC×GC to
use two different separation modes in a single analysis. The
components are separated in the first column, cryo-trapped
for 5-10 seconds, and then rapidly released by the thermal
modulator into the second column which has a narrow inner
diameter and short length. This process means that the eluted
components from the first column are trapped and released
at intervals of 5 to 10 seconds and then are continuously and
rapidly separated in the second column. As a result, the twodimensional chromatogram contains two retention time axes,
one for the primary column and one for the secondary column.
In general, quadrupole mass spectrometers (hereinafter
referred to as “QMS”) are widely used for GC-MS
measurements. However, these systems are generally not
suitable as a GC×GC detector. As described previously,
the second column of the GC×GC system has a unique
geometry (narrow diameter and short length) that separates

the components very rapidly. This feature results in
chromatographically narrow peak widths that require high
data-acquisition speeds in order to acquire enough data
points across each analyte peak. If a QMS is used, then there
are limited data points measured for the second-dimension
peaks in the chromatogram, thus resulting in poor quality 2D
chromatographic data. Therefore, it is not optimal to use a
QMS system as the detector for GC×GC.
To overcome this problem, JEOL developed a gas
chromatograph time-of-flight mass spectrometer (hereinafter
referred to as GC-TOFMS) with both high mass resolution
(R=10,000) and high-speed mass spectral data acquisition (up
to 50 Hz) that is optimal for combining with GC×GC. This
combination GC×GC-TOFMS system was ﬁrst introduced in
2004 and is widely used for the analysis of various complex
samples [3-7]. In this report, we use our 4th generation GCTOFMS model “JMS-T200GC AccuTOF TM GCx” with an
optional photoionization source and GC×GC system to
analyze biomarkers in petroleum samples.

GC×GC-PI-TOFMS System
GC×GC system

A Zoex Corporation ZX2 GC×GC thermal modulator system
was used with our GC-TOFMS system. The schematic diagrams
of GC×GC thermal modulator was shown in Fig. 1. This
modulator unit was placed between the two capillary columns in
order to cryo-trap the components eluting from the ﬁrst column
using the “cold jet gas” and in order to release them using the “hot
jet gas”. Since the “hot jet gas” is sprayed for very short period
(300-400 msec) with regular interval (5-10 seconds), released
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components are introduced into the second column each interval
regularly, as a result the two-dimensional chromatographic
separation is achieved as shown in Fig. 2.

Fig. 2 Conceptual view of 2D chromatogram
obtained with GC×GC

The most commonly used ionization method for GC-MS is
Electron Ionization (EI). EI is a hard ionization technique that
uses high energy electrons to ionize the analytes, resulting in
many fragment ions. These mass spectra can be very useful for
chemical structural analysis of target compounds and can be
compared to MS search libraries such as the NIST database to
help conﬁrm the identity of target compounds. However, the
EI spectra can often have low intensity molecular ions, which
can make it difficult to estimate the elemental composition
from the measured exact mass. As a result, this technique is
not always an ideal ionization method for these purposes.
Alternatively, soft ionization techniques that use low energy
methods to ionize the sample analytes can be used to generate
higher intensity molecular ions. In the GC-MS analysis ﬁeld,
Chemical Ionization (CI) is the most common soft ionization
method available. JEOL offers not only CI but also Field
Ionization (FI) and Photoionization (PI) as optional soft
ionization methods for the JMS-T200GC.
The PI photon source is a deuterium lamp with radiation
wavelengths from 115 to 400 nm. The energy for the smallest
wavelength (115 nm) is 10.8 eV which is a good match for the
primary ionization energy for typical organic compounds (~10
eV). As a result, this source is suitable for the soft ionization
of these types of analytes.
The PI source schematic is shown in Fig. 3. The JEOL
PI source is incorporated into the standard EI source, which
allows for the unique capability of switching between EI
and PI without breaking vacuum. All that is necessary for EI
measurements is to turn on the EI filament, and then for PI
measurements, simply turn off the EI ﬁlament and turn on the
deuterium lamp.

Column separation in the 2nd dimension

Photoionization Source (PI)

…..

n separation in the 1st dimension

Fig. 3 Schematic of PI (photo ionization)
source

Deuterium
lamp for PI
ӻ ӻ ӻ ӻ
ӻ
ӻ
ӻ
ӻ
ӻ
ӻ

High resolution TOFMS system

A photo of the external view of JEOL AccuTOFTM GCx
along with the schematics for the ion source, ion transfer
system and ion optical system are shown in Fig. 4. The
compounds eluting from the GC column are ﬁrst ionized in the
ion source and then transferred into the TOF analyzer using
a low kinetic energy of approximately 30 eV. Afterwards,
the ions are measured by using a single-stage reﬂectron TOF
analyzer that orthogonally accelerates the ions away from
the ion-transfer direction. This type of TOFMS is called an

Filament for EI

MgF2 window

Ion repeller
Ion chamber

Fig. 4 Photo and schematics of JMS-T200GC

Fig. 1 Schematic of GC×GC modulator

2-segment deflector 2-segment lens Source magnet

^
E

Intermediate slit

&DSLOODU\FROXPQ
Reflectron analyzer

55

JEOL NEWS │ Vol.53 No.1 (2018)

Sample ions
Helium ions

JEOL NEWS │ Vol.53 No.1 (2018)

“Orthogonal-Acceleration Time-of-Flight Mass Spectrometer”
(oa-TOFMS).
It is worth noting that there are some challenges for using
TOF instruments as GC-MS detectors. In particular, helium
gas is used as the GC carrier gas which means that the volume
of this gas is relatively large compared to the target compounds
present in the sample injections. For EI, helium is also ionized
and transferred together with the sample ions into the analyzer,
thus resulting in a large number of helium ions in the ion beam.
These ions can produce large space charging effects (charging,
etc.) within the analyzer that can degrade the resolution of the
instrument. Additionally, for TOFMS analyzers, these helium
ions will reach the detector, resulting in the rapid deterioration
of the microchannel plate (MCP). To overcome this problem,
the JEOL GC-TOFMS system is innovatively designed so that
the ion transfer system removes 99.9% or more of the helium
ions produced in the ion source by adjusting the lens balance
voltages.

Biomarker Analysis of Petroleum
Samples Using GC×GC-PI-TOFMS
Biomarkers contained within crude oils and their source
rocks are often investigated to index petroleum samples
and to determine petroleum sample origins. Biomarkers are
organic compounds that originated from the living organisms
that were present in the source material of the oil. These
biomarker molecules, which are indicators of the origin
organic substances, sedimentary environments, maturity, etc.,

can be used to determine the origins of an unknown crude oil.
However, petroleum samples are comprised from an aggregate
of hundreds or even thousands of hydrocarbons. Further
complicating the situation, biomarkers are hydrocarbons with
specific structures found within these complex petroleum
samples. As a result, comprehensively detecting biomarkers
within petroleum samples is very difﬁcult to accomplish.
In this report, we will use the high separation capabilities
of GC×GC in combination with the combo EI/PI source and
high mass resolution TOFMS to comprehensively detect the
biomarkers within petroleum samples.
Measurement conditions

The measurement conditions are listed in Table 1. A ZX2
thermal modulation system (Zoex Corporation) was used for
the GC×GC measurements. A nonpolar BPX5 column (SGE
Corporation, 30 m length, 0.25 mm I. D., 0.25 μm liquid phase
thickness) was used for the ﬁrst column. A more polar BPX50
column (SGE Corporation, 3 m length, 0.1 mm I. D., 0.1 μm
liquid phase thickness) was used for the second column. Two
test samples (Petroleum Fractions A and B) were prepared for
these tests, and the biomarker amounts were estimated and
compared for each fraction.
Measurement results

The PI mass spectra for Cholestane and Adamantane, both
of which are typical biomarkers, are shown in Fig. 5. The
molecular ions M+・ were detected as the base peak for each
of these compounds, thus confirming that PI is effective for

Table 1 Measurement conditions

Instrument

Fig. 5 PI mass spectra of Cholestane
and Adamantane

JEOL AccuTOFTM GC series
Zoex ZX2 thermal modulator

1st Column

BPX5, 30 m㽢0.25 mm, 0.25 ʅŵ

2nd Column

BPX50, 3 m㽢0.1 mm, 0.1 ʅŵ

Modulator period

6 sec

Inlet pressure

350 kPa (Out flow : 1.75 mL/min)

Inlet mode

Cool on column, Oven track mode, 1 ʅ> Injection

Oven Temp.

50 Υ (2 min) ї10 Υ/min ї250 Υ

Ion Source

EI/PI Combination Ion Source

Ionization mode

PI+ (D2 lamp, 115 to 400 nm)

ŵͬǌ range

ŵͬǌ 35 to 700

Spectrum recording speed

25 spectra / sec

C27H48

136.125

372.374

C10H16
373.376

218.202

137.129

200

400

600

50

100

m/z

&Q+Q

&Q+Q

200

Adamantane

Fig. 7 2D TIC of Petroleum fraction B,
measured by GC×GC/PI

5HWHQWLRQWLPHRI QG &ROXPQ

&Q+Q

150
m/z

Cholestane

Fig. 6 2D TIC of Petroleum fraction A,
measured by GC×GC/PI
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detecting these biomarker molecular ions.
The 2D TICCs (total ion current chromatograms) for the
GC×GC/PI measurements are shown in Fig. 6 and Fig. 7
for each crude oil sample. Both samples contained n-Alkanes
(C nH 2n+2) and Cycloalkanes (C nH 2n+1) along with numerous
chemical compounds detected at later secondary column
retention times. These compounds were identified as CnH2n-4,
CnH2n-6 and CnH2n-8 which have higher degrees of unsaturation
than n-Alkanes and Cycloalkanes. Additionally, these two
petroleum fraction samples were measured by GC×GC/EI
under the same conditions. Based on the library search results

for the EI mass spectra corresponding to CnH2n-4, CnH2n-6 and
CnH2n-8, Petroleum Fraction A mainly contained the Cholestane
polycyclic saturated hydrocarbons while Petroleum Fraction
B mainly contained the Adamantene saturated-bridged cyclic
hydrocarbons.
Next, high selectivity 2D EICs (Extracted Ion Chromatograms)
were constructed for the molecular ions of six chemical
compounds that are generally known as biomarkers (Table 2).
As shown in Fig. 8 and Fig. 9, 18-Norabietane, Cholestane and
Hopane were specifically identified in Petroleum Fraction A,
and Adamantane, Iceane and Diamantane were identified in

Table 2 Typical biomarkers and “m/z ” of their molecular ions

Compounds

Rational Formula

ŵͬǌ

18-Norabietane

C19H34

262.2661

Cholestane

C27H48

372.3756

Hopane

C30H52

412.4069

Adamantane

C10H16

136.1252

Iceane

C12H18

162.1409

Diamantane

C14H20

188.1565

Fig. 8 2D EIC of Petroleum fraction A,
measured by GC×GC/PI

Isomers of
18-Norabietane

EIC for C19H34,
ŵͬǌ 262.2661 +/- 0.01Da

Cholestane

EIC for C27H48,
ŵͬǌ 372.3756 +/- 0.01Da

Fig. 9 2D EIC of Petroleum fraction B,
measured by GC×GC/PI

Adamantane

EIC for C10H16,
ŵͬǌ 136.1252 +/- 0.01Da

Iceane

EIC for C12H18,
ŵͬǌ 162.1409 +/- 0.01Da

Hopane

EIC for C30H52,
ŵͬǌ 412.4069 +/- 0.01Da
( m/z 262.2661, 372.3756, 412.4069 )
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Diamantane

EIC for C14H20,
ŵͬǌ 188.1565 +/- 0.01Da

( m/z 136.1252, 162.1409, 188.1565 )
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Fig. 10 Total 2D EIC of Petroleum fraction A,
measured by GC×GC/PI

Fig. 11 Total 2D EIC of Petroleum fraction B,
measured by GC×GC/PI

Summed EIC for CnH2n-4 series (n=19-31),
Exact mass of the molecular ions +/- 0.01Da
C19H34

C20H36

C21H38

C23H42

C22H40

C25H46

C24H44

C12H20

C10H16
C27H50

C29H54

C28H52

C26H48

C13H22

C14H24

C15H26 C16H28 C17H30

C31H56
C30H54

C18H32

C11H18

Summed EIC for CnH2n-4 series (n=10-18),
Exact mass of the molecular ions +/- 0.01Da
Androstane
C22H38

C12H18

C30H54

C24H42

C13H20

C14H22

C15H24
C16H26

C17H28
C19H32

C29H52
C19H32

C27H48

C21H36

C28H50

C18H30

Summed EIC for CnH2n-6 series (n=19-30),
Exact mass of the molecular ions +/- 0.01Da

Summed EIC for CnH2n-6 series (n=12-19),
Exact mass of the molecular ions +/- 0.01Da

C32H56
C28H48
C27H46

C31H54

C35H62

C30H52
C29H50

Summed EIC for CnH2n-8
series (n=27-35),
Exact mass of the
molecular ions +/- 0.01Da

C34H60

C33H58

( CnH2n-4 : n=19 〜 31, CnH2n-6 : n=19 〜 31, CnH2n-8 : n=27 〜 35 )

Petroleum Fraction B. Next, the related compounds for these
biomarkers were systematically evaluated by creating summed
2D EICs for the CnH2n-4, CnH2n-6 and CnH2n-8 series. The 2D EICs
for these series are shown in Fig. 10 and Fig. 11.
These results clearly showed that the biomarkers and their
related compounds are present within each petroleum fraction.
Since the PI method selectively produces molecular ions for
these analytes, a systematic evaluation for the biomarker
amounts was achieved by combining the high separation
capabilities of GC×GC with the soft ionization of PI and
high resolution TOFMS. Additionally, the 2D EICs for the
PI measurements made it much easier to interpret the data
and correctly assign the biomarker identities in the crude oil
samples.

Summary
GC×GC is an advanced GC technology that offers
dramatically higher chromatographic separation capabilities
than that of conventional 1D GC. To maximize the quality
of data obtained with this high-separation capability, it is
effective to use a TOFMS that offers both high speed data
acquisition and high mass resolution in combination with hard
ionization and soft ionization methods. The JEOL GC×GCTOFMS system equipped with the combination EI/PI source
accomplishes all of this in a single package.

Summed EIC for CnH2n-8 series (n=14-20),
Exact mass of the molecular ions +/- 0.01Da
( CnH2n-4 : n=10〜18, CnH2n-6 : n=12〜19, CnH2n-8 : n=14〜20 )

As reported in this application note, our latest GC×GCTOFMS in combination with the optional EI/PI source is a
very powerful tool for the analysis of complex mixtures like
biomarkers in petroleum samples.
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AccuTOF-GCx Series
GCxGC TOFMS Analysis of Base Oils with CI, PI, FI
Introduction
Structural elucidation of hydrocarbon classes in
petroleum products are always in high demand.
Comprehensive two-dimensional gas chromatography
time-of-flight mass spectrometry (GCxGC-TOFMS) with
electron ionization (EI) is a powerful method for
characterizing complex mixtures such as base oils.
However, EI data can often lack a strong molecular ion
signal. Therefore, it is necessary to measure samples with
soft-ionization methods such as positive chemical
ionization (PCI), field ionization (FI), or photo-ionization
(PI) for the detection of molecular ions. Each technique is
a little different so it is important to understand the
characteristics of each soft ionization method.
In this application note, we compare the mass spectra
of a base oil analyzed by GCxGC-TOFMS with EI, PCI,
FI, and PI.

Experiment
The details for sample dilution in hexane as well as the
instrumental conditions are listed in Table 1.
Results
Identification of each peak was carried out by a library
search of the EI mass spectra and elemental composition
estimation for the molecular ions (M+䞉) from the soft
ionization results (Fig. 1, Fig.2 and Table 2). A n-paraffin
(Peak A) and a branched-paraffin (Peak B) were
identified in the base oil and showed a different peak
pattern for each mass spectrum, especially in the FI
results. The EI results consisted mainly of fragment ions
with the paraffins showing very low intensity molecular
ions. The PCI results showed many fragment ions along
with the molecular ion, most commonly as [M-H]+, thus
making it less easy to identify the molecular ion from
these results than for the FI and PI results. Steroids (peak
C) and aromatics (peak D) showed mostly molecular ion
for the FI and PI results, respectively.

Table 1. Sample and measurement conditions
Sample

Base oil dilution with Hexane (1:25(PCI, FI, PI), 1:100(EI))

Instruments

AccuTOF GCv 4G (JEOL Ltd.)
ZX-2 (GCxGC module㸸ZOEX Corporation)

GCxGC conditions
Inlet
Inlet mode
1st column
Modulator loop
2nd column
Transfer line
Oven temp. program
Carrier gas flow
Modulation period
Injection Volume

Cool on column
Track Oven
ZB-1HT Inferno (15 m x 0.25 mm, firm thickness 0.1 μm)
Guard column IP Deact (0.8 m x 0.18 mm)
ZB-35HT Inferno (1 m x 0.1 mm, firm thickness 0.05 μm)
Guard column IP Deact (0.3 m x 0.1 mm)
ϱϬȗ(1min) => 3ȗ/min => 370ȗ(23min)
1.2 mL/min (He, Constant flow)
5 sec
0.5 ʅL

MS conditions
Ion source
Ionization method

EI/PI, EI/CI, EI/FI/FD
EI(+) : 70 eV, 300 μA

MS-073118

Interface temp.
Ion source temp.
Spectrum recording interval
m/z range

CI(+)

: 200 eV, 300 μA,
CH4 (95%) + NH3 (5%), 1.0mL/min
: -10 kV, Carbon emitter

PI(+) : D2 lamp
FI(+)
ϯϬϬȗ
/͗ϮϬϬȗ           /͗ϮϬϬȗ
W/͗ϮϬϬȗ           &/͗K&&
25 Hz (0.04 sec/spectrum)
EI, PI, FI : 40 㹼 900
CI : 100 㹼900
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MS-071218

Fig. 1. Base oil 2D map for each ionization method.

Fig. 2. Mass spectra for EI, PCI, FI, and PI.
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Overall, the FI results showed the lowest number of
fragment ions for all compounds, thus making it possible
to perform type analyses. The PI results showed both
molecular ion and fragment ion information, for
simplified structural analyses.
Conclusion
The NIST library search of the EI mass spectra is a
powerful verification tool for structural elucidation of
compounds. However, the EI molecular ion peak
intensities can be low for compounds like n-paraffins and
branched paraffins. In fact, these molecular ions are often
not detected when the compound concentration is too low.
As a result, the identification of these compounds using
the NIST library search becomes less reliable with the
absence of the molecular ions in the EI spectrum.

On the other hand, using soft ionization with accurate
mass measurements allows for the elemental composition
estimations of the molecular ions. FI is the softest
ionization method for showing the intact compounds. PI
mass spectra showed strong molecular ions along with
fragment ions. As the results here showed, PI and FI are
clearly the easiest techniques for identifying the
molecular ions, when compared to PCI.
Therefore, using a combination of EI for library
searchable spectra and a soft ionization for molecular ion
elemental composition estimations allows the analyst to
more reliably identify the compounds of interest. The
JEOL AccuTOF GC series offers an optionally available
EI/FI combination ion source as well as an optionally
available EI/PI combination ion source to allow soft and
hard ionization to occur without breaking vacuum.

MS-071219

Table 2. Detected peaks by each ionization technique
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AccuTOF-GCv Series
Diesel Fuel Classification Analysis Using GC x GC/FI
and Kendrick Mass Defect Plots
Introduction
Comprehensive two-dimensional gas chromatography
(GC x GC) in combination with high-resolution mass
spectrometry is a powerful tool for the analysis of
complex mixtures.
In this work, we analyzed a diesel fuel sample by using
GC x GC in combination with a new high-resolution
time-of-flight mass spectrometer (HR-TOFMS) . Field
ionization (FI) produced molecular ions for all
components and exact mass measurements were used to
obtain elemental compositions. A traditional Kendrick
Mass Defect (KMD) plot was used to identify
hydrocarbon groups in the diesel fuel sample.
Experimental
A commercially available diesel fuel sample was
analyzed with the JEOL JMS-T100GCv “AccuTOF GCv
4G” equipped with a Zoex ZX2 thermal modulator and
experimental GC Image software (version 2.5.0a2).
Condition
Sample
Concentration
GCxGC system
1st column
2nd column
Modulation loop
Modulation period
Hot jet temp.
Inlet pressure
Inlet temp.
Inlet mode
Oven temp.
GC-TOFMS system
Ion source
Ionization mode
m/z range
Acquisition speed

Software

GC x GC/FI
Diesel Fuel
1/100 (Hexane)
ZX2 thermal modulator (ZOEX)
Rxi-5SilMS, 30 m x 0.25 mm, 0.25 Pm
Rxi-17SilMS, 2 m x 0.15 mm, 0.15 Pm
Deactivated fused silica, 1.5 m x 0.15 mm
10 sec
270 °C
200 kPa at Oven temp. 50 °C
(Constant flow mode)
280 °C
Splitless
50 °C (1 min) -> 3 °C/min -> 280 °C (0.3 min)
AccuTOF GCv 4G (JEOL)
EI/FI/FD combination
FI+
m/z 35-500
33 spectra/sec
GC Image TM Version 2.5.0a2

Table 1. Measurement condition.

MS-040814

Results
The Kendrick mass scale that defines the mass of CH2 as
exactly 14.0000 is used to identify families of compounds
that differ only by the length of alkyl substituents. The
Kendrick mass is calculated as follows:
Kendrick Mass = IUPAC mass x (14.00000/14.01565)

Figure 1. JMS-T100GCV “AccuTOF GCv 4G”
GC x GC/HR-TOFMS system
The Kendrick Mass Defect (KMD) is the difference
between nominal Kendrick mass and exact Kendrick
mass. The KMD is defined as follows on the GC Image
software:
Kendrick Mass Defect (KMD) = Kendrick Mass nominal Kendrick Mass
In a KMD plot, the Kendrick mass is used for the
X-axis and KMD is used for the Y-axis. From left-to-right,
the numbers of CH2units in the observed ions increase.
From top-to-bottom, the differences in chemical formula
such as the degree of unsaturation, oxidation, etc.,
increase. Families of homologous compounds are easily
recognized in the KMD plot. A KMD plot was created for
the composite mass spectrum created by summing all
mass spectra in the GC x GC/FI analysis of the diesel fuel
sample (Figure 2). Selected ion current chromatograms (Figure 3) were created for compound families
shown in Figure 2c.
㻌 In conclusion, Kendrick Mass Defect plots are a
powerful tool for data analysis when combined with
GC x GC/FI and high-resolution mass spectra measured
with the JEOL AccuTOF GCv 4G system.
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(c) CH2 KMD plot

(a) GC x GC/FI TIC

(b) Summed FI mass spectrum

Figure 2. (a) 2-dimensional TIC chromatogram of the diesel sample, (b) the summed FI mass spectrum for
the entire retention time region, (c) CH 2 Kendrick Mass Defect plot for the summed FI mass spectrum

2-dimensional SIC chromatograms using Kendrick m/z (in Figure 2) ± 0.015u

MS-040814

Figure 3.
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AccuTOF-GCv Series
GC x GC/EI and GC x GC/FI Measurements
Using the EI/FI Combination Ion Source
Introduction
Comprehensive 2-dimensional GC (GC x GC) provides
higher-separation capabilities for complex mixtures than
the typical 1-dimensional GC measurements. However,
this technique requires high speed data acquisition, e. g.
> 20 Hz, for the GC detectors due to the shorter 2nd GC
column (comparable to those used for the ultra-fast GC
measurements) which elutes samples within just a few
seconds.
Recently, JEOL has developed a new generation
GC-HRTOFMS system called the “AccuTOF GCv 4G”.
The AccuTOF GCv 4G has high sensitivity, high
resolution, high mass accuracy and high speed data
acquisition, all simultaneously. Also JEOL has developed
a unique EI/FI combination ion source for this system
which provides the capabilities of GC/EI and GC/FI
measurements without having to break vacuum in order
to switch between each ionization mode. Additionally,
this combination is particularly powerful in that it
provides library searchable fragmentation information by
using EI and high mass accuracy molecular ion
information by using FI.

MS-070313

Condition
Sample
Concentration

In this work, we measured diesel fuel using both the GC
x GC/EI and GC x GC/FI techniques on the AccuTOF
GCv 4G.
Experimental
Sample information and measurement conditions are
shown in Table 1.
Results
The GC x GC/EI and GC x GC/FI total ion
chromatograms (TICs) for the diesel fuel sample are
shown in Figures 1 and 2, respectively. Both
chromatograms showed the presence of a wide variety of
components in the sample.
Several EI and FI mass spectra for this sample are shown
in Figure 3. The FI mass spectra (Right side) showed that
the molecular ions were the dominant peaks observed in
the mass spectra. Additionally, the mass accuracy was
less than 2 mDa for the molecular ions measured by both
EI and FI using the external one-point calibration
method.

GC x GC/EI

GC x GC/FI
Diesel Fuel
1/100 (Hexane)

GCxGC system
1st column
2nd column
Modulator
Modulator period
Modulator duration
Hot jet temp.
Hot jet gas pressure
Cold jet flow
Inlet pressure
Inlet mode
Oven temp.

ZX2 thermal modulator (ZOEX)
Rxi-5SilMS, 30 m x 0.25 mm, 0.25 um
Rxi-17SilMS, 2 m x 0.15 mm, 0.15 um
Deactivated fused silica, 1.5 m x 0.15 mm
8 sec
400 msec
270 C
40 psi
18 L/min
200 kPa (Out flow: 2mL/min)
Split 10:1
Splitless
5 0C(1 min) -> 3 C/min -> 300 C(6 min)

GC-TOFMS system
Ion source
Ionization mode
m/z range
Acquisition speed

AccuTOF GCv 4G (JEOL)
EI/FI combination

External calibrant

EI+

FI+

m/z 35-500
50Hz

33Hz

ｍ/z 207.0329

ｍ/z 226.2661

(C5H15O3Si3+)

(C16H34+)

Table 1. Measurement Conditions
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Tri‐aromatic hydrocarbons
& Dibenzothiophenes

Di‐aromatic
hydrocarbons

Mono‐aromatic
hydrocarbons

Methyl esters

Naphthenes
n‐Paraffines

90 minutes

1st column (non‐polar) separation; Boiling point

Figure 1. GCxGC/EI TIC for diesel fuel

2nd column (polar) separation; Polarity

8 seconds

Tri‐aromatic hydrocarbons
& Dibenzothiophenes

Di‐aromatic
hydrocarbons

Mono‐aromatic
hydrocarbons

Methyl esters

Naphthenes
n‐Paraffines

90 minutes

1st column (non‐polar) separation; Boiling point

MS-070313

Figure 2. GCxGC/FI TIC for diesel fuel
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Electron Ionization

Field Ionization
(a)

(b)

(c)

(d)

(e)

(f)

MS-070313

Figure 3. EI and FI mass spectra for (a) n-parafin (C20H42), (b) naphthenes (C15H30),
(c) monoaromatic hydrocarbon (C11H14), (d) diaromatic hydrocarbon (C14H14),
(e) triaromatic hydrocarbon (C15H12), (f) ethyl esters (C19H38O2).

© JEOL USA Page 3 of 4

Conclusion
The AccuTOF GCv 4G has a unique EI/FI combination
ion source which does not require breaking vacuum in
order to switch between each ionization mode.
Consequently, this system was able to easily measure the
GC x GC/EI and GC x GC/FI data for diesel fuel. The
resulting data provided structural information for the

chemical components using EI (hard ionization) and
accurate mass molecular weight information using FI
(soft ionization). The AccuTOF GCv 4G is a powerful
tool for measuring both GC x GC/EI and GC x GC/FI
mass spectra for very complex samples.

MS-070313
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Analysis of diesel oil by using GC x GC-HRTOFMS (FI)
with 2 different sets of column combinations
[Introduction]
Comprehensive two-dimensional gas chromatography (GC x GC) is a kind of a continuous hard-cut GC
system. Two different types of columns are connected via a modulator in the same GC oven. GC x GC
shows a very high separating power compared to single GC.
This report shows the difference of separation result for diesel oil when 2 different sets of combined
columns are used with GCxGC-HRTOFMS (FI).

[Sample and method]
Sample: diesel oil
Method: see Table 1

[Result and discussion]
Fig.1 shows 2 TIC chromatograms. Upper TICC is the result by using a normal column set (1st column:
non-polar column, 2nd column: polar column) for general GCxGC analysis. Lower TIC is the result by
using reverse column set (1st column: polar column, 2nd column: non-polar column).
Some of components such as n-paraffins, naphthenes and aromatic hydrocarbons could be separated
based on a different polarity because 2nd column in normal column set was a polar column. However,
since the polarity between monocyclic and polycyclic naphthenes is not so different, the separation of
these compounds was not enough due to the use of a very short 2nd column (ca. 2m).
On the other hand, when the reverse column set was used, some of components such as n-paraffins,
monocyclic and polycyclic naphthenes, monocyclic and polycyclic hydrocarbons could be separated by
the difference in boiling point because non-polar column was used as 2nd column. The reverse column
set had a better performance to separate monocyclic and polycyclic naphthenes compared to the normal
column set because of the differences in boiling point. This result shows that the normal column set is
suitable to separate aromatic compounds and the reverse column set is suitable to separate
naphthenes.

Copyright © 2009 JEOL Ltd.
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Normal column set

Tri-aromatic
hydrocarbons

(B)

n-Paraffin
C29H60 (m/z 408.46950)
error: -0.82 mDa

(A)

Di-aromatic
hydrocarbons
m/z

Di-aromatic hydrocarbons
C12H10 (m/z 154.07825)
error: 1.18 mDa

Mono-aromatic
hydrocarbons

(B)
m/z

Naphthenes

(A)
n-Paraffins

Reverse column set

Retention time [sec] (2nd dimension)

(a)
n-Paraffin
C25H52 (m/z 352.40690)
error: -1.01 mDa

n-Paraffins

(a)

Mono-ring
naphthenes

m/z

Polycyclic naphthenes
C16H30 (m/z 222.23475)
error: 0.52 mDa

Polycyclic
naphthenes

(b)

(b)
Mono-aromatic
hydrocarbons

m/z

Polycyclic aromatic
hydrocarbons

Retention time [min] (1st dimension)

Fig.1

2-dimentional TIC chromatograms and FI mass spectra

In addition, only molecular ions were observed in mass spectra due to use of FI. It is sometimes difficult
to confirm molecular ions of hydrocarbons by EI. But, it was very easy to confirm molecular ions of
hydrocarbons.with FI. The mass accuracy of molecular ions was less than 1.2 mDa.
As this report shows, FI could be used with the GC x GC method on the JMS-T100GCV due to both high
sensitivity and high speed acquisition. Also, it is possible to do highly-detailed qualitative analysis by
using high mass accuracy with GC x GC separation.

[Acknowledgement]
This analysis was supported by Ms. T. Ieda of GERSTEL K.K., Japan.
Zoex’s GC x GC system is provided and supported through Zoex’s sales and support network and may not be available in
your territory. Contact your local JEOL representative for detail.
Copyright © 2009 JEOL Ltd.
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Accurate mass measurement of lube oil by GC/FI-TOFMS
FD (Field Desorption) and FI (Field Ionization) are ionization techniques based on the tunneling
effect that is induced in high electric potential fields. When a sample is applied on the emitter in
advance, it is called FD. On the other hand, it is called FI when a vaporized sample is introduced to
the emitter.
FD and FI produces molecular ions easily and very few fragment ions. For this reason, FI is a very
useful ionization method for samples which hardly produce molecular ions by EI (Electron
Ionization), such as oil.
This application note shows the result of a commercial lube oil by GC/FI and the elemental
composition determination by FI.

<Sample and measurement conditions>
Sample

lube oil

Measurement conditions
For GC
GC:

Agilent 6890N

Column:

DB-5 (30m x 0.32 mm I.D., 0.25µm)

Oven temp.:

50C → 15C/min → 320C (2min)

Injection temp.:

280C

Injection amount:

1.0 µL [Split mode (1:200)]

Carrier gas:

He (Const. flow mode: 1mL/min)

MS:

JMS-T100GC “AccuTOF GC”

Ionization method:

FI (Cathode volt.: -10kV, Emitter current: 0mA)

For MS

Spectrum recording interval:

0.4 sec

<Result and discussion>
This sample was analyzed by GC/EI and hydrocarbons and fatty acid esters were determined.
Fig.1 shows TICC of lube oil by GC/FI. Hydrocarbons and fatty acid esters were observed in this
TICC.
As an example, a mass spectrum of C13 hydrocarbon is shown in Fig.1. Only molecular ions are
produced by FI. Since an exact mass of this molecular ion is known as 184.2191 (C13H28), this ion
was used as internal calibrant in order to determine the elemental composition of other ions (peak1,
2, 3 and 4). The result of the elemental composition determination for other ions is shown in Table 1.

54

The accurate mass for all of molecular ions of peak 1, 2, 3 and 4 is within 2mDa from the exact
mass.

Fatty acid esters ④
Hydrocarbons
①

②
Mass spectrum of C13H28

③

C13H28
(Internal calibrant)

Fig.1 TICC of lube oil
Table 1 The result of elemental composition determination by GC/FI
Cal. m/z

Obs. m/z

Diff.(mDa)

Formula

1

156.1878

156.1868

-1.0

C11H24

2

170.2034

170.2030

-0.4

C12H26

3

312.3028

312.3046

+1.8

C20H40O2

4

340.3341

340.3356

+1.5

C22H44O2

JMS-T100GC “AccuTOF GC” has essentially capabilities of high mass accuracy and very small
systematic mass error. For this reason, AccuTOF GC can get accurate mass with single point
internal calibrant by any kind of ionization method even by FI. Therefore, it is possible to perform
elemental composition analysis with high reliability.
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Qualitative analysis by comprehensive 2D GC / TOFMS [1]
- Comparison of kerosene and diesel oil Comprehensive two-dimensional gas chromatography (GC x GC) is a kind of a continuous hard-cut GC
system. Two different types of columns are connected via a modulator in the same GC oven. The GC x
GC technique has a very high separating power compared to single GC. GC x GC systems requires a
fast acquiring detection system, because the peak width in the GC chromatogram is very narrow. This
requirement of very fast data acquisition is fully met in the AccuTOF-GC. Since the maximum spectrum
recording interval on JEOL AccuTOF-GC is 25Hz (0.04sec), the system can successfully be used as
detection system in combination with a GC x GC system.
This application note shows the results of kerosene and diesel oil by GC x GC-TOFMS.

<Sample and measurement conditions>
Sample

kerosene and diesel oil

Measurement conditions
For GC×GC
System:

Agilent 6890GC
ZOEX KT2004

Column:

1st: HP-1ms (30m × 0.25mm I.D., 0.25μm)
2nd: DB-17 (2m × 0.1mm I.D., 0.1μm)

Oven temp.:

50C（1min） → 5C/min → 280C（6min）

Injection temp.:

280C

Injection volume:

0.5μl [Split mode (1:200)]

Carrier gas:

He (Const. pressure: 680kPa)

Trapping interval:

6 sec

MS:

JMS-T100GC “AccuTOF GC”

Ionization method:

EI+ （70eV, 300μA）

For MS

Acquired m/z range: m/z 35－500
Spectrum recording interval:

0.04 sec (25Hz)

<Results and discussion>
All the chromatograms were created by using GC Image software (ZOEX). The GC x GC
chromatograms of kerosene and diesel oil are shown on Fig.1. The X axis corresponds with the
separation by the 1st column on differences in boiling point and the Y axis corresponds with the
separation by the 2nd column of differences in polarity. Also, the color in the chromatograms show the
Copyright © 2005 JEOL Ltd.
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intensity of each peak. The intensity increases from light blue to yellow and red. Red color shows that
the compound intensity is over the setting value of maximum intensity.

Fig.1 TICC by GC x GC (Top: kerosene, Bottom: diesel oil)

In general, kerosene is a mixture of C9 - C15 hydrocarbons and diesel oil is a mixture of C11 - C15
hydrocarbons. GC x GC chromatograms show that kerosene includes more low-boiling point
compounds and diesel oil includes more high-boiling point compounds. In addition, GC x GC
separates saturated hydrocarbons, unsaturated hydrocarbons, and aromatic hydrocarbons and so
on by the difference of polarity.
The AccuTOF-GC has the capability of high speed spectrum recording to combine with GC x GC system.
Furthermore, it is possible to have a good reliability with high sensitivity with high mass resolving power.

<Acknowledge>
This analysis was supported by Ms. Ieda and Dr. Ochiai, Gerstel K.K.
Zoex’s GC x GC system is provided and supported through Zoex’s sales and support network and may not be available in
your territory. Contact your local JEOL representative for detail.
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Qualitative analysis by comprehensive 2D GC / TOFMS [2]
- Analysis of polycyclic aromatic hydrocarbons in kerosene Comprehensive two-dimensional gas chromatography (GC x GC) is a kind of a continuous hard-cut GC
system. Two different types of columns are connected via a modulator in the same GC oven. The GC x
GC technique has a very high separating power compared to single GC. GC x GC systems requires a
fast acquiring detection system, because the peak width in the GC chromatogram is very narrow. This
requirement of very fast data acquisition is fully met in the AccuTOF-GC. Since the maximum spectrum
recording interval on JEOL AccuTOF-GC is 25Hz (0.04sec), the system can successfully be used as
detection system in combination with a GC x GC system.
This application note shows the results of the qualitative analysis for polycyclic aromatic hydrocarbons in
kerosene by GC x GC-TOFMS.

<Sample and measurement conditions>
Sample

kerosene

Measurement conditions
For GC×GC
System:

Agilent 6890GC
ZOEX KT2004

Column:

1st: HP-1ms (30m × 0.25mm I.D., 0.25μm)
2nd: DB-17 (2m × 0.1mm I.D., 0.1μm)

Oven temp.:

50C（1min） → 5C/min → 280C（6min）

Injection temp.:

280C

Injection volume:

0.5μl [Split mode (1:200)]

Carrier gas:

He (Const. pressure: 680kPa)

Trapping interval:

6 sec

MS:

JMS-T100GC “AccuTOF GC”

Ionization method:

EI+ （70eV, 300μA）

For MS

Acquired m/z range: m/z 35－500
Spectrum recording interval:

0.04 sec (25Hz)

<Results and discussion>
All the chromatograms were created by using GC Image software (ZOEX). The GC x GC
chromatograms of kerosene and diesel oil are shown on Fig.1. The X axis corresponds with the
separation by the 1st column on differences in boiling point and the Y axis corresponds with the
separation by the 2nd column on differences in polarity. Also, the color in the chromatograms show the
Copyright © 2005 JEOL Ltd.
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intensity of each peak The intensity increases from light blue to yellow and red. Red color shows that the
compound intensity is over the setting value of maximum intensity.

Fig.1 TICC of kerosene by GC x GC (Left: 2D image, Right: 3D image)

GC x GC can classify all of compounds in a series of saturated and unsaturated hydrocarbons.
Fig.2 shows a GC x GC mass chromatogram of m/z 178 and 202 to identify tri-cyclic and tetra-cyclic
aromatic hydrocarbons. Also, mass spectra of compound A and B are shown in Fig.2. Each
spectrum is detected as anthracene (compound A) and pyrene (compound B).

B

A

178

B

202

A

Fig.2 : GC x GC mass chromatogram of m/z 178 and 202 for polycyclic aromatic hydrocarbons and
mass spectra of tri- and tetra-cyclic aromatic hydrocarbons.
The AccuTOF-GC has the capability of high speed spectrum recording to combine with GC x GC system.
Furthermore, it is possible to have a good reliability with high sensitivity with high mass resolving power.
Also GC x GC-AccuTOF can obtain very useful information of substances in more complicated samples
such as petroleum products, perfume and environmental pollutant.

<Acknowledge>
This analysis was supported by Ms. Ieda and Dr. Ochiai, Gerstel K.K.
Zoex’s GC x GC system is provided and supported through Zoex’s sales and support network and may not be available in
your territory. Contact your local JEOL representative for detail.
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Qualitative analysis by comprehensive 2D GC / TOFMS [3]
- Analysis of sulfur-contained substances in diesel oil Comprehensive two-dimensional gas chromatography (GC x GC) is a kind of a continuous hard-cut GC
system. Two different types of columns are connected via a modulator in the same GC oven. The GC x
GC technique has a very high separating power compared to single GC. GC x GC systems requires a
fast acquiring detection system, because the peak width in the GC chromatogram is very narrow. This
requirement of very fast data acquisition is fully met in the AccuTOF-GC. Since the maximum spectrum
recording interval on JEOL AccuTOF-GC is 25Hz (0.04sec), the system can successfully be used as
detection system in combination with a GC x GC system.
This application note shows the results of the qualitative analysis for sulfur-containing substances in
diesel oil by GC x GC-TOFMS.

<Sample and measurement conditions>
Sample

diesel oil

Measurement conditions
For GC×GC
System:

Agilent 6890GC
ZOEX KT2004

Column:

1st: HP-1ms (30m × 0.25mm I.D., 0.25μm)
2nd: DB-17 (2m × 0.1mm I.D., 0.1μm)

Oven temp.:

50C（1min） → 5C/min → 280C（6min）

Injection temp.:

280C

Injection volume:

0.5μl [Split mode (1:200)]

Carrier gas:

He (Const. pressure: 680kPa)

Trapping interval:

6 sec

MS:

JMS-T100GC “AccuTOF GC”

Ionization method:

EI+ （70eV, 300μA）

For MS

Acquired m/z range: m/z 35－500
Spectrum recording interval:

0.04 sec (25Hz)

<Results and discussion>
GC x GC mass chromatogram of m/z 184, 198 and 212 shown in Fig 1, which are the molecular ions of
dibenzothiphenes are created by ZOEX GC Image software. In addition, mass spectra for compound A,
B and C are shown in Fig.2.
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A

184

B

198

C

212

A
B
C

Fig.1 GC x GC mass chromatogram of m/z 184, 198 and 212 (Left) and mass spectra for compound
A, B and C (Right)
Compound A, B and C are confirmed as sulfur-containing substances due to the isotopic pattern.
The elemental composition of those ions is determined by accurate mass by using 1 point internal
calibration using anthracene (M+: m/z178.0783) present in the sample. Each estimated elemental
composition is shown in Table.1.
Table 1 The result of elemental composition determination for M+ and ion of m/z152
Substance
Dibenzothiophene
3-Methyldibenzothiophene
2,8-Dimethyldibenzothiophene

Cal. mass

Obs. mass

Diff. (mDa)

Formula

184.0347

184.0343

-0.4

C12H8S

152.0626

152.0619

-0.7

C12H8

198.0503

198.0495

-0.8

C13H10S

152.0626

152.0620

-0.6

C12H8

212.0660

212.0654

-0.6

C14H12S

152.0626

152.0622

-0.4

C12H8

The proposed formula is the same as the formula of dibenzothiophens and the mass difference of the
molecular ion and the fragment ions from the exact mass, is within 1 mDa.
The AccuTOF GC has the capability of high speed spectrum recording to combine with a GC x GC
system.

In this way, GC x GC-AccuTOF GC can perform very reliable qualitative analysis.
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Rapid analysis using inactivated fused silica tube
(a.k.a. “guard column”) as a sample inlet (1)
Introduction
Average molecular weight is an important reference for evaluating samples with molecular weight
distributions, such as crude oils, which are complex mixtures, or synthetic polymers. Almost all the ions
observed in field desorption (FD) and field ionization (FI) mass spectra are molecular ions since these
are soft ionization methods. Average molecular weight of the sample can be calculated directly from the
masses (or “m/z”) and intensities of all ions observed by FD or FI. By applying group-type analysis, the
components can be classified into types based on their functional groups and/or unsaturations. Average
molecular weight, polydispersity index, or relative abundance of each type can be obtained.
A diesel fuel was analyzed on JMS-T100GC “AccuTOF GC” with 3 sample introduction methods and the
results were compared:
Capillary GC / FI
U

Rapid FD in which the analysis time was shorten by ramping the emitter current much faster
U

U

than that on conventional analyses on double-focusing mass spectrometers
Blank tube inlet / FI in which a fused silica tube was used to connect the GC injector and the ion
U

U

source

Methods
Blank tube inlet / FI
U

The schematics of the sample inlets are shown in Fig. 1. The specifications of the GC column and the
fused silica tube used in the experiments are also shown in Fig. 1.

(a)
Inlet

(b)
Inlet
Fused silica tube

Capillary column

MS

MS

GC Oven (prog.)
Capillary column:
ZB-5ms, 30 m × 0.25 mm, 0.25 µm

GC Oven (iso.)
Fused silica tube: 3 m ×0.1 mm

Fig.1 Schematic diagrams of sample introduction system by using GC,
(a) capillary GC/FI. (b) blank tube inlet/FI.

In ordinary GC/MS analysis, a mixture is separated by a GC column and then detected by MS. When
Copyright © 2008 JEOL Ltd.
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performing group-type analysis from GC/MS data, however, all acquired spectra are summed into a
single spectrum. Component separation or individual spectra in the data are not really necessary.
In blank tube inlet / FI, a sample is introduced from the GC injection port through a short fused silica tube
(“guard column”), held in the isothermal GC oven,

to the ion source. The advantages are:

Short analysis time
Loss of low boiling point components are minimized compared with probe based methods, such
as FD, DEI, and DCI, in which the sample is put on the probe at ambient pressure. However, low
boiling point components are evaporated as the probe is introduced into the vacuum.
Loss of high boiling point and trace components is minimized compared to the GC/MS method
since there are no interaction with a GC stationary phase.
GC conditions are not critical; no need to worry about separation.
Lager amount of sample can be injected than in the GC/MS method; no GC column overloading.

The results are shown on Fig. 2 and
3. The spectra on Fig. 3 were
generated by summing the spectra in

(A)

Relative intensity / %

(a)

Results and discussion

Time / min

m/z

the time ranges shown by the arrows

(b)

With GC/FI, the analysis took 25
minutes although each component
can be examined in detail due to the
separation. FD and blank tube inlet /

(B)

Relative intensity / %

in Fig. 2.

Time / min

m/z

FI do not provide separation but the

within 1 minute.
By comparing the spectra from 3
methods, blank tube inlet / FI
detected

1)

low

boiling

point

components (n-C18H38 (m/z 254) and
B

B

B

B

smaller) that were missing in FD 2)

m/z

Time / min

Fig.2 TICs of diesel oil
(a) blank tube inlet/FI,
(b) capillary GC/FI, (c) FD

(C)

Relative intensity / %

(c)

analysis times were very short; both

Fig.3 Mass spectra of diesel oil
(A) blank tube inlet/FI,
(B) capillary GC/FI, (C) FD

high boiling point and trace components that were missing in GC/FI.
For group-type analysis in which parameters such as relative abundance and average molecular weight
for each type are obtained, m/z’s and summed intensities of all the detected ions are used; no separation
is required. The blank tube inlet / FI method is well suited for the group-type analysis of petrochemicals
because of short analysis time, better detectability of low boiling point components than FD, better
detectability of high boiling point and trace components than GC/FI. It can handle larger amount of
sample injection than GC; well suited with FI whose ionization efficiency is lower than EI.

Reference
M. Ubukata et al., J. Mass Spectrom. Soc. Jpn., 56, 13-19 (2008).
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Rapid analysis using inactivated fused silica tube
(a.k.a. “guard column”) as a sample inlet (2)
Introduction
Average molecular weight is an important reference for evaluating samples with molecular weight
distributions, such as crude oils, which are complex mixtures, or synthetic polymers. Almost all the ions
observed in field desorption (FD) and field ionization (FI) mass spectra are molecular ions since these
are soft ionization methods. Average molecular weight of the sample can be calculated directly from the
masses (or “m/z”) and intensities of all ions observed by FD or FI. By applying group-type analysis, the
components can be classified into types based on their functional groups and/or unsaturations. Average
molecular weight, polydispersity index, or relative abundance of each type can be obtained.
In MS Tips No. 111, the details of the “blank tube inlet / FI” method was discussed. In this application
note, crude oil, diesel fuel, and kerosene were analyzed by blank tube inlet / FI, capillary GC/FI, and FD
and the results were compared and discussed.

Methods
The samples were commercially available kerosene, commercially available diesel fuel, and crude oil
from Middle East. The parameters used in the analyses are summarized in Table 1.
Table 1 Operating conditions for blank tube inlet/FI, capillary GC/FI and FD.
GC parameter
Injection mode
Inlet temp. / ℃
Column
Fused silica tube
Oven temp. / ℃ [hold time / min]
Oven temp. ramp rate/ ℃ min-1
Sample Volume / μL
He Carrier gas flow rate / mL min-1
TOFMS parameter
Ionization mode
Emitter wire diameter / μm
Emitter current / mA
Emitter current ramp rate / mA min-1
Flush time after recording spectrum / ms
Cathode voltage / V
Transfer line temp. / ℃
Acquired m/z range / m z-1
Spectrum redording time / s

Blank tube inlet/FI

Capillary GC/FI

FD

Split(100:1)
280
－
3 m × 0.1mm
280 [1]
－
1
0.1

Split(500:1)
280
ZB-5ms, 30 m × 0.25 mm, 0.25 μm
－
40[1]-300[1]
10
1
1

－
－
－
－
－
－
－
－

FI(+)
5
5
－
50
-10000
280
35-800
0.5

FI(+)
5
5
－
50
-10000
280
35-800
0.5

FD(+)
10
0-50
51.2
－
-10000
－
35-800
1

Results and discussion
The reconstructed total ion current chromatograms (RTICCs,) the mass spectra, and the summary of the
type-group analysis results are shown in Fig. 1, Fig. 2, and Table 2 respectively.
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With GC/FI, the analyses took 20

(a)

(d)

(g)

min, 25 min, and 30 min for
kerosene, diesel fuel, and crude oil
respectively,

although

Time / min

Time / min

each

(b)

component can be examined in

Time / min

(e)

(h)

detail due to the separation. FD
and blank tube inlet / FI do not

Time / min

Time / min

provide separation but the analysis

(c)

Time / min

(f)

(i)

times were very short; within 1
minute in both methods and for all
Time / min

Time / min

3 samples.

Time / min

Fig. 1 Comparison of TICs of kerosene, diesel oil and crude oil by using differ methods;
(a) kerosene by blank tube inlet/FI. (b) kerosene by capillary GC/FI. (c) kerosene by FD.
(d) diesel oil by blank tube inlet/FI. (e) diesel oil by capillary GC/FI. (f) diesel oil by FD.
(g) crude oil by blank tube inlet/FI. (h) crude oil by capillary GC/FI. (i) crude oil by FD.

As was discussed in MS Tips No.
111, the blank tube inlet / FI has a
number of advantages. Unlike FD,

point

components of up to m/z 600 and
trace components were detected.

(B)

m/z

For group-type analysis in which
such

abundance

as

and

relative
average

molecular weight for each type
are obtained, m/z’s and summed
intensities of all the detected ions
are

used;

no

separation

Relative intensity / %

m/z

(E)

(H)

m/z

(C)

Relative intensity / %

parameters

m/z

Relative intensity / %

boiling

(G)

m/z

m/z

(F)

(I)

Relative intensity / %

high

Relative intensity / %

and

Relative intensity / %

m/z

The analysis time was very short

Relative intensity / %

high boiling point components.

(D)

Relative intensity / %

components or over-emphasize

(A)

Relative intensity / %

it did not miss low boiling point

m/z

m/z

Fig. 2 Comparison of averaged mass spectra of kerosene, diesel oil and crude oil by using differ
methods; (A) kerosene by blank tube inlet/FI. (B) kerosene by capillary GC/FI. (C) kerosene by FD.
(D) diesel oil by blank tube inlet/FI. (E) diesel oil by capillary GC/FI. (F) diesel oil by FD.
(G) crude oil by blank tube inlet/FI. (H) crude oil by capillary GC/FI. (I) crude oil by FD.

is

required. The blank tube inlet / FI method is well suited for the group-type analysis of petrochemicals
because of short analysis time, better detectability of low boiling point components than FD, better
detectability of high boiling point and trace components than GC/FI. It can handle larger amount of
sample injection than GC; well suited with FI

Table 2 Summary of type analysis results.

whose ionization efficiency is lower than EI.

Blank tube inlet/FI Capillary GC/FI

FD

Kerocene
Measuring time / min
Mn
PD
Base peak

0.2
179.2
1.04
C14H30

18
165.3
1.03
C13H28

0.5
348.9
1.02
C23H48

Measuring time / min
Mn
PD
Base peak

0.3
282.6
1.04
C22H46

25
247.6
1.04
C20H42

0.5
299.4
1.02
C20H42

Measuring time / min
Mn
PD
Base peak

1.0
365.7
1.09
C23H48

>30
264.6
1.10
C20H42

0.7
403.0
1.12
C20H42

Diesel oil

References
M. Ubukata et al., J. Mass Spectrom. Soc. Jpn.,
56, 13-19 (2008).

Crude oil

n = 3; Mn: number-average molecular weight; PD: polydispersity
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Type Analysis of Micro Crystalline Wax (Petroleum Wax)
[Introduction]
Petroleum waxes are a class of hydrocarbons that are solid at room temperature and are classified by
the Japan Industrial Standards (JIS K2235) into 3 types: paraffin wax, micro crystalline wax, and
petrolatum. A typical micro crystalline wax contains hydrocarbons having a carbon number of 30 to 60
and molecular weights between 500 and 800. These waxes also include large quantities of isoparaffins
and cycloparaffins in addition to the paraffins.
Field desorption (FD) is an ionization technique that utilizes the tunneling effect of electrons in the
presence of a high electric field. The sample is applied directly onto an FD emitter filament and then an
electric current is applied to the filament to produce a high electric field across the emitter surface
(including the whisker tips) to desorb and ionize the samples. As a soft ionization technique that
minimizes fragmentation and acquires information on molecular ions, FD has been used for analyzing
refractory compounds and high molecular weight polymers.
In this work we ionized a micro crystalline wax by using a JMS-T100GC AccuTOF GC with FD
ionization to do a sample type analysis that was based on the mass and intensity of the resulting ions.
[Experimental]
Sample:
MS:

Commercial micro crystalline wax product (10 mg/ml, chloroform solvent)
JMS-T100GC AccuTOF GC
Ionization mode: FD(+)
Cathode voltage: -10 kV
Emitter current: 0 mA → 6.4 mA/min → 45 mA
Mass range: m/z 20 to 1600
Recording interval: 3.2 s

[Results]
In the mass range under m/z 450, saturated hydrocarbon compounds were detected, while
unsaturated hydrocarbon compounds were detected in the range over m/z 450. A type analysis was
conducted using the unsaturated hydrocarbon compounds. A total of 6 hydrocarbon compounds were
used: CnH2n+2(S1), CnH2n(S2), CnH2n-2(S3), CnH2n-4(S4), CnH2n-6(S5), and CnH2n-8(S6). The table below
shows the results for each series of hydrocarbons.
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Figure 1. FD mass spectrum of micro crystalline wax
Table 1. Type analysis of microcrystalline wax
Series
Label
Total/Average
S1
CnH2n+2
S2
CnH2n
S3
CnH2n-2
S4
CnH2n-4
S5
CnH2n-6
S6
CnH2n-8

Mn
657.0
571.1
529.7
670.5
715.6
688.3
710.0

Mw
686.9
617.3
655.0
692.3
739.0
717.9
739.6

Mz
718.9
665.3
680.8
715.6
764.7
751.1
772.8

PD
1.0
1.1
1.0
1.0
1.0
1.0
1.0

DPn
40.1
33.6
37.9
41.0
44.3
42.5
44.2

DPw
42.2
36.9
39.7
42.5
46.0
44.7
46.3

DPz
44.5
40.3
41.6
44.2
47.8
47.0
48.7

Percet
Series
100.0
17.3
24.2
13.1
8.4
22.5
14.5

Mn: Average molecular weight

DPn: Mn/R

Mw: Weight-average molecular weight

DPw: Mw/R

Mz: Z-average molecular weight

DPz: Mz/R

PD: Polydispersity

(R: Mass of repeat unit)

Percent
Spectrum
64.1
11.1
15.5
8.4
5.4
14.5
9.3

The content of CnH2n was the highest at 24.2% among the 6 hydrocarbons series shown in the table.
This hydrocarbon series was followed by CnH2n-6 at 22.5% and CnH2n+2 at 17.3%. The micro crystalline
wax contained large amounts of isoparaffins (equal to S1) and cycloparaffins (equal to S2), and the
content of ion species in these series tended to be higher than observed for the other hydrocarbon types.
[Conclusions]
These results demonstrate that by using the AccuTOF-GC with FD ionization, a solid wax can be
analyzed at room temperature to produce high resolution mass spectra that provide detailed information
about the sample, including the hydrocarbon types present in the samples, their average molecular
weight information, and their compositional ratios relative to each other.
[Acknowledgment]
We wish to express our thanks to Dr. Seiichi Kawahara, Associate Professor, Nagaoka University of
Technology, for providing the sample.
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Degradation of rotary vacuum pump oil determined by field
desorption (FD) - TOFMS and group-type analysis software
Introduction
Field desorption (FD) is an ionization method in which an electron of the analyte molecule is extracted by
tunneling effect under very strong electric field at the surface or at the tips of the “whiskers” grown from
the emitter. The analyte is applied as a thin film directly to the emitter and heated by passing a current
through the emitter.
FD has been used for the analysis of nonvolatile compounds, synthetic polymers, etc., as a soft
ionization method to produce molecular ions with little or no fragmentations.
New and used oil for rotary vane vacuum pump (RP hereafter) were analyzed and the change in their
compositions was determined by performing group-type analysis on the FD mass spectra.

Methods
Samples
RP oil (new and used)
MS conditions
Mass spectrometer:

JMS-T100GC “AccuTOF GC”

Ionization mode:

FD(+)

Cathode potential:
Emitter current:

-10 kV

0 mA Æ 51.2 mA/min Æ 40 mA

Acquired mass range: m/z 35 – 1,600
Spectral recording interval:

Fig. 1 RP oil (left: used, right: new)

0.5 sec

Results and discussion
The acquired FD mass spectra are shown below.

New RP oil

Used RP oil

Fig. 2 Acquired FD mass spectra

As shown in Fig. 2, typical FD mass spectra for hydrocarbon mixture were obtained. Since the difference
was rather subtle (more peaks were observed for the new oil at around m/z 500,) group-type analysis
Copyright © 2007 JEOL Ltd.
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was performed to determine the differences in their composition. The results are shown below.

Table 1 Type analysis result of new RP oil
Series
Percent
Label
Mn
Mw
Mz
PD
DPn
DPw
DPz
Series
Total/Average
453.82
483.97
531.27
1.07
25.57
27.73
31.10
100.00
CnH2n+2
447.44
479.98
533.06
1.07
24.78
27.10
30.89
15.47
435.82
462.47
504.05
1.06
24.10
26.00
28.96
23.19
CnH2n
CnH2n-2
451.28
482.02
530.39
1.07
25.34
27.54
30.99
16.70
464.22
498.14
551.19
1.07
26.41
28.83
32.61
12.69
CnH2n-4
459.36
486.90
529.76
1.06
26.21
28.17
31.23
18.90
CnH2n-6
CnH2n-8
478.50
511.38
561.52
1.07
27.72
30.06
33.64
13.06

Table 2 Type analysis result of used RP oil
Series
Percent
Label
Mn
Mw
Mz
PD
DPn
DPw
DPz
Series
Total/Average
446.82
483.77
546.99
1.08
25.05
27.68
32.20
100.00
434.74
473.54
544.08
1.09
23.88
26.64
31.68
16.76
CnH2n+2
425.93
455.81
507.39
1.07
23.39
25.52
29.20
26.43
CnH2n
444.90
481.25
543.39
1.08
24.89
27.48
31.91
17.57
CnH2n-2
CnH2n-4
461.91
506.41
581.41
1.10
26.24
29.42
34.77
12.03
458.94
494.97
555.72
CnH2n-6
1.08
26.18
28.75
33.08
16.65
CnH2n-8
485.15
530.63
603.67
1.09
28.19
31.44
36.65
10.58

Hydrocarbon types with different degrees of unsaturation were used. The hydrocarbon types used were
CnH2n+2, CnH2n, CnH2n-2, CnH2n-4, CnH2n-6, and CnH2n-8. The difference in hydrocarbon compositions is
shown below.
Table 3 Difference in hydrocarbon compositions
As shown in Table 3, fraction of highly

New

Used

unsaturated hydrocarbons, i.e., CnH2n-4,

Series

Percent

Percent

CnH2n-6, and CnH2n-8, decreased while

Label

Series

Series

fraction of moderately unsaturated and

Total/Average

saturated

CnH2n+2

15.47

– increase Æ

16.76

CnH2n, and CnH2n+2 increased in used RP

CnH2n

23.19

– increase Æ

26.43

oil. This suggests either opening of ring

CnH2n-2

16.70

– increase Æ

17.57

structures or hydrogenation of double

CnH2n-4

12.69

– decrease Æ

12.03

bonds or triple bonds in CnH2n-4, CnH2n-6,

CnH2n-6

18.90

– decrease Æ

16.65

and CnH2n-8.

CnH2n-8

13.06

– decrease Æ

10.58

hydrocarbons,

i.e.,

CnH2n-2,

100.00

100.00

Another possibility is oxidative degradation
of unsaturated hydrocarbons. The exact masses of an oxidation product and its hydrocarbon isobar are
very close and can not be mass-resolved with the analysis conditions used. However, the apparent
increase of saturated and moderately unsaturated hydrocarbons and decrease of highly unsaturated
hydrocarbons could be partly due to the oxidation products.

The difference in compositions of new and used RP oil was clearly revealed by group-type analysis.
Copyright © 2007 JEOL Ltd.
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Group-type analysis of Crude Oil using GC/FI-TOFMS 1
~Determination of average molecular weights by group-type analysis~
Introduction
Field Desorption (FD) and Field Ionization (FI) are ionizing analytes by electron tunneling from analyte
molecules to the solid surface (emitter) in a high electric field. In case of FD, the sample is applied on the
emitter and heated by applying an electric current through the emitter for desorption and ionization. In
the case of FI, vaporized analyte molecules are introduced to the proximity of the emitter.
FI is a soft ionization method that yields intact molecular ions and in most cases, with very few fragment
ions. It was used to ionize analytes that are easy to fragment and where molecular ions are difficult to be
detected, such as hydrocarbons in crude oil.
For complex mixtures such as crude oil or synthetic polymers, molar mass distributions and average
molecular weights are important chemical properties. By analyzing a FI mass spectrum, mostly
consisting of molecular ions of complex hydrocarbon mixture, and using a group-type analysis software,
one can obtain molar mass distributions and average molecular weights of the various hydrocarbon
types (e.g., paraffin, naphthene, olefin, aromatics) in the mixture.
We have analyzed a crude oil sample by GC/FI method using JMS-T100GC “AccuTOF GC” and
processed the obtained data using a group-type analysis software.

Methods
Sample
U

50μl crude oil

Crude Oil
U

(Refer Fig. 1 for preparation)

Analysis conditions

C18 Solid Phase
Extraction Cartridge

U

Eluted by
* 1.5mL Hexane
* 1.5mL Toluene
* 1.5mL CHCl3/MeOH (1:1)

GC conditions
U

U

GC:

Agilent 6890N

Column:

DB-5ms
30 m x 0.25 mm I.D., 0.25 μm

Oven:

B

Dried
* Redisolved in 150μL Hexane

50°CÆ15°C/minÆ280°C（5 min）

Injection port:

280 °C, Split (1:200)

Injection volume: 1.0 μl
Career gas:

B

GC/FI-TOFMS analysis

Fig. 1 Sample preparation flow

He （1 mL/min, constant flow mode）

MS conditions
U

U

MS:

JMS-T100GC “AccuTOF GC”

Ionization:

FI+ (Cathode voltage: -10 kV, Emitter current: 0 mA)

Mass range:

m/z 35 - 500

Acquisition rate: 0.3 s/spectrum
Software
U

U

Polymerix™ (Sierra Analytics, Inc.)
Copyright © 2006 JEOL Ltd.
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Results and Discussion
The

output

from

the

group-type

analysis

software

Polymerix™

(Sierra

Analytics,

Inc.,

http://massspec.com/) is shown in Fig. 2.

・ Specify α and γ end
groups and repeating
unit.
・Perform group-type
analysis.
・Results such as Mn, Mw,
and
polyMz,
dispersity for each
series are displayed.
B

B

Series and Repeat
m/z

B

Expanded

Display Details

Fig. 2 The group-type analysis results of the Crude Oil
The data acquired by the AccuTOF GC was directly read into the Polymerix™ software. All the mass
spectra acquired during the retention time range of the sample were summed to form a single mass
spectrum and then processed. Properties such as number average molecular weight (Mn), weight
B

B

average molecular weight (Mw), z average molecular weight (Mz), and polydispersity (PD) were
B

B

B

・Mass spectral peaks are
color coded based on
the series to which
they belong.

Intensity

B

B

B

B

calculated for 5 hydrocarbon types with the degree of unsaturation from 0 to 4 and for the total/average
of the 5 types.
Group-type analysis of complex hydrocarbon mixtures such as crude oil can be easily performed by
using GC/FI method on the AccuTOF GC and Polymerix™ group-type analysis software.
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Group-type analysis of Crude Oil using GC/FI-TOFMS 2
~Reproducibility of group-type analysis results~
Introduction
Field Desorption (FD) and Field Ionization (FI) are ionizing analytes by electron tunneling from analyte
molecules to the solid surface (emitter) in a high electric field. In case of FD, the sample is applied on the
emitter and heated by applying an electric current through the emitter for desorption and ionization. In
the case of FI, vaporized analyte molecules are introduced to the proximity of the emitter.
FI is a soft ionization method that yields intact molecular ions and in most cases, with very few fragment
ions. It was used to ionize analytes that are easy to fragment and were molecular ions are difficult to be
detected, such as hydrocarbons in crude oil.
For complex mixtures such as crude oil or synthetic polymers, molar mass distributions and average
molecular weights are important chemical properties. By analyzing a FI mass spectrum, mostly
consisting of molecular ions of complex hydrocarbon mixture, and using a group-type analysis software,
one can obtain molar mass distributions and average molecular weights of the various hydrocarbon
types (e.g., paraffin, naphthene, olefin, aromatics) in the mixture.
We have analyzed a crude oil sample by GC/FI method using JMS-T100GC “AccuTOF GC” and
processed the obtained data using a group-type analysis software.

U

Methods
Sample Crude Oil

50μl crude oil

U

(Refer Fig. 1 for preparation)

Analysis conditions

C18 Solid Phase
Extraction Cartridge

U

Eluted by
* 1.5mL Hexane
* 1.5mL Toluene
* 1.5mL CHCl3/MeOH (1:1)

GC conditions
U

U

GC:

Agilent 6890N

Column:

DB-5ms

B

Dried

30 m x 0.25 mm I.D., 0.25 μm
Oven:

* Redisolved in 150μL Hexane

50°CÆ15°C/minÆ280°C（5 min）

Injection port:

280 °C, Split (1:200)

Injection volume: 1.0 μl
Career gas:

B

GC/FI-TOFMS analysis

Fig. 1 Sample preparation flow

He （1 mL/min, constant flow mode）

MS conditions
U

U

MS:

JMS-T100GC “AccuTOF GC”

Ionization:

FI+ (Cathode voltage: -10 kV, Emitter current: 0 mA)

Mass range:

m/z 35 - 500

Acquisition rate: 0.3 s/spectrum
Software
U

U

Polymerix™ (Sierra Analytics, Inc.)
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Results and Discussion
Group-type analysis for 5 hydrocarbon types with an unsaturation degree from 0 to 4 and for the
total/average of the 5 types was performed. (Refer MS Tips No. 71 for details.)
The table below shows the properties calculated for the total/average of the 5 hydrocarbon types for 10
repeated analyses and their statistics.

Table 1 Results of the group-type analysis of the crude oil (Total/Average)

Total/Average

Mn

Mw

Mz

PD

DPn

DPw

DPz

1

206.188

217.016

229.273

1.053

8.699

9.471

10.346

2

204.957

214.545

225.075

1.047

8.854

9.297

10.048

3

200.606

211.629

225.105

1.055

8.298

9.085

10.046

4

205.978

215.44

225.597

1.046

8.685

9.36

10.085

5

200.029

208.101

216.649

1.041

8.261

8.837

9.447

6

205.491

215.402

226.173

1.049

8.654

9.361

10.13

7

206.532

217.31

229.255

1.052

8.723

9.492

10.344

8

205.573

215.814

227.008

1.05

8.656

9.387

10.185

9

209.459

220.152

231.519

1.051

8.937

9.7

10.511

10

209.18

220.678

233.522

1.055

8.907

9.728

10.644

Average

205.399

215.609

226.918

1.050

8.667

9.372

10.179

Std. Dev.

3.074

3.722

4.598

0.004

0.229

0.265

0.327

C.V. (%)

1.50

1.73

2.03

0.42

2.64

2.83

3.21

B

B

B

B

B

B

B

B

B

Mn: number average molecular weight

DPn: Mn/R

Mw: weight average molecular weight

DPw: Mw/R

Mz: z average molecular weight

DPｚ: Mz/R

PD: polydispersity

(R: mass of repeating unit)

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

B

(DP: degree of polymerization)

The coefficients of variation are very good and around or below 3% for all properties calculated.
Especially, the coefficient of variation for PD is excellent at 0.42%.

Group-type analysis of a crude oil using GC/FI method on the AccuTOF GC and Polymerix™ group-type
analysis software is confirmed to have excellent reproducibility.
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