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Abstract

A program based on pattern recognition of data, obtained by GC/MS (gas
chromatogram/mass spectrometry) and Raman spectrometry, is employed
for the rapid screening of oils and related commodities. The degree of
similarity is evaluated quantitatively by calculating a cross correlation
factor (CCF) between the standard sample and reference commodities.
We defined the similarity between A-spectrum and B-spectrum, either
obtained from GC/MS or Raman, in the range from 100 to 0 %. The
CCF value is close to unity when the spectral feature of the standard is
similar to that of the reference; CCF = 1 when CCF is calculated between
the same spectrum. In contrast, the CCF value is close to zero when the
spectral features are completely different from each other. In the other
words, when (ANB)/(AUB) = 1, similarity is considered as 100%,
whereas when (ANB)/(AUB) = 0, then similarity is counted to 0%. The
CCF was calculated using a personal computer and the program was
written in LabVIEW (Laboratory Virtual Instrumentation Engineering
Workbench). As a result, when the Florihana lavender vera wild
essential oil was selected as the standard sample, 6 types of commercial
lavender oils were compared. We found that, based on the GC/MS data,
the other commercial essential oils provide 30 ~ 85% similarities.  On
the other hand, based on the Raman data, when the Nissin olive oil was
selected as the standard sample, 4 types of commercial olive oils were
also compared. The findings show that the other commercial olive oils
provide 60 ~ 95% similarities.

Keywords: pattern recognition, GC/MS, Raman, LabVIEW
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EA (m) 10~100 10~100 10~100 1~6
ris (mm) 0.1~0.53 0.25~0.75 0.5 2~4
»c% (plates/m) | 2000~4000 | 1000~4000 600~1200 500~1000
#5E (ng) 10~75 10~1000 10~1000 10~10°
AR i o i B
R e e e e
i 2 g : > hi
=N e £ 2 S S
AR RS BN nFE o AR RARF o It fp i

ﬁ%ﬁ&%’@ﬁ%ﬁﬁﬂﬂiwLEWﬂWﬁﬁ%’?ﬁé&ﬁﬁﬂﬁﬁﬁ

fmARE g LA AT R ARSE o

17

FRAE A ME o FhaemE B § WA YR B ST




2-1-2 i &

TR TEr BFAARIT RICTH &R I RGELTASRDES
BrFHRDES od WHFFRAEFEZARETER M G ER
SAIMAPP R FHMA T EARI 2 HRE A BRI Yok
FEEBLA TP ESLTET 0 FF A ’ljﬂ?*’”%)‘?g‘?%°

2-1-3 &k

Tk s GCIMS chi Bl E » BRI B ST 2 DT > ki

BERFVEFARAGEE AR FERZREd 2R T ir
s mkR et B a0 F B At g b2 0
HE -

FHgd o BImAdired (- )EZ s ~(Z ) #IR~(2)
FEA1TE () 3+ 0RE -

(=) 2z %

Bk kend %k s dnd T (rotary pump) B S gRECE
(diffusion pump) 2 E#%FF (turbopump) #7ie= o — B4skd 4
WA #-E 202 10%torr > 2 F L d FEHF A E WA D 1
% 10°%~10%torr - w B ] pEE K OE LR EIIT 1 IE S

PoRPRERFREN VKGR ZF IR R



(=) &3 m™
EREELREAPS ffg‘rﬂ AT B R RBTHS o A F 10k 47 %‘r&‘
RY AR 2 A 4 B AT RN 2 (electron
impact, EI) f=it & &3 i+ ;% (chemical ionization, Cl ) o & 5 2% €_i¢ *
TR E o i AN e Fendg U (filament) 22 5
TR SRR enT 4vid i~ 3t % (ionization chamber )
R > REFRLS TR FFLE AL RTINS FHT > P
EGER A AN TR oq A RS § I B A
RprangF A1 Flpt = a1t & 305 PRl [eg o 7 1E 5 24T
it & p g gy o U
(2) FRAHE
AREHRETF DT EAPFEL e BEFE A+ %E (quadrupole
mass analyzer )o = &4 & & 47 FAd = 13T 7 hlHk TS
w4k s s o MBlus g i3 R (direct current voltage ) 22 sH4E
T /& (radio frequency voltage) i » T 4&*® > R Y > w 5 & 7 >
AR R R R =L 180 B o XY #h % T RATE P
FFN 4T
Xgh= m @ Vy =+ VgtV Cosot)
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>
:ﬁ
Rei
&
=t
«L¢
=~
=
—=

ELTHY 673 F DRSO 5T R

T edp S R BT R B B RS R e iR a AR

&>

rhE AT ERMEEL G F SRR A2 ZRF
BEREEEFE A P BV U EHBEET GRS RS G
B AB AR LY TEAFTE
() #+ HRE
- A F Rengpd dp|BE TS B3 E (electron multiplier, EM ) >
Hiv* 30k q 24 ¢ (photon multiplier tube, PMT) #g 02 o &+
R PR SR L B LS S Sk
23 CuBeHFeiteio  m@F T+ BHENLF S50 £45
e LN SRR E PR SR s S R PES
ToBREAG A - BTEAG TG REITIRH BN T

5 o M AL {6 T AT SUELE 5 107 & o
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2-1-4 T2

FIEBFHFREDNOTHET AR FHEB 23— d 7 4
TWRA o ¢ L AIT RS A B o

A. >3+ # 4 2 (total ion current monitoring, TIC ) @ 3k 2 s/
JE R A T RS gL -

B. E4#& a4+ 0 pli# (selected ion monitoring, SIM) @ 41 * = &
B e F TR B R L F U v Pl RS 7 I M
B AR 2 3k B Rl en& AR o

7 i Ak B A g 2-1-3P9 .

Z 1 2-1-3 7 e drde > 32 R4t BE

R HS R A

1 ¥ #E S At dbeiFe |L Pafgpittiprerzgs
M R A 47 o 7 o

2. VIETFRAFE DL FHHFTA |2 PERT I RILATFH R
3. WIPHRIUER A 4F o B RARK o

3. PR LR o
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2-1-5 FHRKEL

A TR T T R TR g (T H i Bk AL o
AR S%&FH RS ) @ PFTBA (perfluorotributylamine ) i® 5 %%
o BAFE A ARTEREMFTY R EFRET R 2 E LG

¢ B R 4 (s PFTBA ¢ %2 /7t 5 69~ 219502 chz= i %5

FFER -AFTFRHELRENEINGFORAES - B 2-1-1 2 &
TR EERE "F’%gr} £ 2 ¢ Vacuum r#c® 2 Abundance i B %k

H ST RDE F R X 53 EMvolts shiicie -2 £ F F & s
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Mases 649,00 Mass 215.00 Mass  5S02.00 .
Abh 1284967 ah 49R754 ah 272135 ;-H'-'nlts %E?% mugﬁn 552
. . . ray . u 3
Ews0 0.55 EFws0 0.55 Fwsl 0.56 Emission 35.0 widZi19 -—0.031
I M5 Tamp 165 TITI QOFF
vacuum 27 DC Pol HEG
Samples B Repeller 30.07
Averages i IonFocus 719.0
stepSize 0.10 Entlens 7.03
MassGain 126 Entoffs 19.5B
MassDffs 2 Filament 1
PFTHA OFEN
T 1 | S Al T gy
1] 7L 216 221 Son Lo5
Scan: 10.00 - 700.00 samples: B Thresh: 100
126 peaks Base: £9.00 Abundance: 1163776
100
80 1
B0
70 1
a0 -
50
40 -
30
20
10 ‘
u--J'J'IIII II|||I IIIIII | 1 T T | 1 T T 1 |II 1 T T |I 1 T 1 T | 1 1 T T |
100 200 300 400 SO0 a00
Mass Abund ERel Abund Iso Mass Iac Abund Isc Ratio
A9.00 1163776 100. 00 70.00 13631 1.17
219.00 43B272 37. 664 220.00 1816E 4.15
S02.00 1B568 1. &0 C02.95 1951 10.51

Bl 2-1-1 FidRRE BREL
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2-2 3 AR ME B
8 % F4p e 5 B2 PR (headspace solid phase microextraction

, HS-SPME ) #_#-4% 5% F|- 2P » A5 HFEF I F

-n\a.

_‘Lfﬁ—?/ﬂ\ﬁja ’ -%f—fl]_lfg_% :L’_ié‘ !g_ﬁ;,»hq‘;)x ]i,‘ggp\ 15{«;%&8;{43—]- y 'li\."%]

2-2-1 #7151 o

I
g

Bl 2-2-1 %2 FApEF KR



2-3 % S
2-3-1 £ % $xsFr e {4

1928 £ d Fr R 12 & 74§ ( Chandrasekhara Venkata Raman )
BT 48 »ok (Raman effect) » + 4> & #¢%+ (Raman scattering )
B, £+ 1930 £ @1 %L BEHEEE o 7 2§ scfiy k Seh@ A1
P45 0 Bl E_A 1930 & 3 1934 & FF d H o #rd % e 2 B R _George
Placzek #FR % » & A Fa k% nl ¢ %1% 4 g £k o PO mge
B fedtenip R2E0 Meds 0 P REF - Bl k@ LT X
SRERY St b o B ) 1960 & 7 sl m s, FH 2 45 el
dPfed m s PR B A 0 22 5T kR S F
B g kit g D0 1986 £ 2 (8 0 1T b R F &

( NIR-laser) ~ charge couple device (CCD) B g p « 7 5iiF 8 4

e E AR R CPLR I g A (R ) R RO AR LR
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2-3-2 P EITHREAL

PEORATR A T PR EER F RABKT AT T b

DO

FHHTIRE ARG AI LTI G EFA PR T A
FRE UL kI T I KA LT - B RSN BRE (Virtual

TEBD| T A FE Dk o TS ATE Gk o Fa R

| 4

state) > @
PIA 4T 3 0 Bl B 2-3-1 #751 enfiin s AR o i & B g
B oo — H5E 475+ (elastic scattering ) @ fe4g B AR Y LG R BT
A SRS L fohw RS APRE 0 2 TS T A
(Rayleigh scattering ) o = & 238 5784 » 47o+iEAZY 3 2T &
P o ATIT A S s frRGpeE R AR F o X TS LE A A
FB HTER T A SE S B RE g 32 5 dc 8t (Stokes Raman
scattering ) e 3¢ = 3% » &R I cnk ¢ 3 504 (anti-Stokes Raman
scattering ) o & JlHc St fodz & 478+ BicZ & 5 Raman shift > B 2-3-2

[65]-[66]

o F PHEE e g frst e LR -
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1S L

Inte

Virtual
energy states A A
Vibrational
energy states

A \ 2
| A 4
Infrared Rayleigh Stokes Anti-Stokes
absorption scattering Raman Raman
scattering scattering

B 2-3-1 £ % )& 5t P+ B

Rayleigh

pl'OCGSS
1 Stokes I
band :
|
|
|
|
, : anti-Stokes
| : band
' |
' |
' |
| | |
J | | |
| | . |
| 1 =
' | |

wavenumoer. v

B 2-3-2 F JlHcHfri g ot L
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2-4 LabVIEW (Laboratory Virtual Instrumentation

Engineering Workbench)
2-4-1 LabVIEW 2z_ Z & 333

LabVIEW > 2 5% 2 AR EL 2T 5 £ BREENE
(graphic-based programming language)®™®® » == g% (icon) *
it PR E g EF 2N FT P AT 07 el
XA o
PRI BN E T 2 PRANENERY TF
FLE ) 2 AT AL R LAY 0 R AR K AR R
By 220 AN GER BN 3 A meEys
LabVIEW &_% 1986 & - o @4 -+ & 27 (Jeff Kodosky ) %%
5T B4 o LabVIEW B4 B p 2" k% (Virtual
Instrument) sz s o (& * —‘F’T? AE e R A A e (front
panel ) 141 & T R BR A o e T TR A KRS AR

FIpditivEkdp . 2 J@FS 5 - EEBS R NG IFRSF
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2-4-2 LabVIEW h# 3k OO0

AL & 3 (data presentation ) : -+ ¥ chficdp 4 L SR A &R
%@ P g% LabVIEW enifp2h 8 ¥ 0usd = o - 58 enff)a) - & @ %
4 (Zoom-in) % &g (Zoom-out) £t iy kL[ H MR E B
g bRV aE e log A e R R E A & log A
RN R R N

TR k7 (datastorage ) #-47iF hiE & L B L R RN B

A4 47 (dataanalysis) @ 1% 2 pHcEFE Ao e %
ERAked @7 LabVIEW il B850 5 2 8 on g & @7 o f 8 5
B 3 v#p e ERanty o Vg iFa 425 (sub-virtual
instrument) » > i§ A ki@ * o

W ELFEP~ (signal acquisition ) @ $88~ & s 5L > @ 35 A R g %5
AR/ B - o B A S SR I T 0 S o
FLpe®? o EZR LaVIEW EBANT &4 0% > 57 2
F42 BELY o

B £+ (serial instrument control ) @ 12 & & 4 & 24 F %

foth

PRE -
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Y% Exaim-i

3-1 LabVIEW #2;% B %
3-1-1 Ap i R eBiBF E

BARN Y T EA RFHp R 4oB 3-1-1 o o ARG 1R
BE B R LHER ¥ (ANB)/(AUB)=1 pFs>4p iR 5 100%
¥ (ANB)/(AUB)=0 F > 4p i & 5 0% o 3% 1 B &_fyt4p i & A 45
AZ50 P R B A S WL Bk A FlAR e § 9T 8

02 1EZ R E 22 % 13 ZRETFT FIPNAEGE - o

AnB 7N [}

Y & = #B U/\)i : 100%
A B AUB 1

ANB

AUB 0 %

B 3-1-1 LabVIEW B 3 E2 (- )
A—-B
Y] = |1—-—(——]109 7 -
1R [ (A+B)]/6
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3-1-2 Jpm BV iR G

B Untitled 1 Front Panel - = B Untitled 1 Block Diagram

- O
File Edit View Project Operate Tools Window Help ‘E File Edit View Project Operate Tools Window Help 1
1] 360t Application Fant ~ | S~ [T~ [+ | (6~ |+ search 2 || HIEE @[11][@)][85][wa]= |+ [ 15pt Application Font |~ |[$ [[%a~ | (6~ [ [2]—
~ ~

B 3-1-2 LabVIEW #2.55 B 5 642 (= )
B 3-1-2 5 LabVIEW2014 A 84 6 » + % S ERANF > 2 i

SAEITR I o ARNIE R EARL B 40T o
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|

B 3-1-3 LabVIEW #z:% B 54z (= )

BALERBREE AR DR -
1. 7 L FEPE W Rehd R B 0 T txt e \@‘J)\ 0
2. £ KA FI5ery » HFROM £ o % 0§ fo Flehdede @ > e S48 %
PR - g3 TR ES Bl (X FER e H ApITE o IR el
g2 A RAR BRI e X B 2304p R 0 /] 3 F B E A S R
WA fs o A FP Xdhehd | B 2 (S8AednEmRlmd b a ] B e
BI| R APE o LB AR BN AR dNE o

3. 1 TO & » % B AP iTen® AT 1L 2 45 > BB eh X #ic5)|

/\‘

fodt BEEARR ] R EEE S RS B FS X phebo] &

foik BEE AR 4 > W E F ‘J};{'ﬁ\mlﬁ°1}Ll§_g"\'}’?_€\}:§:'}’?TOf§_°

4. £ 2~ 37‘5%5 [ehs e+ w3 Bl X #7358 iy gk T8

B B e Fe'u&ﬁ?X‘Y%ﬁi:#%;ﬁ!;\_LB’*ﬂ’, » B - B EFTeE oo
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1 3

Index Afray =t

o
ol o

e B> B i [z

i B> 5 4

123
il ofE]

]
IV VY

AB
B Flmo
Emnil= i T

Bl 3-1-4 LabVIEW #2: B % 842 (2 )
R IR T REE Y s o

1 #ATenD BRFDY HI) A BB IR fF- 1 o AR B
2 H B B F AT B o] 315 4w AR T AR AT
eI o B I Rt Y B R f‘l HE < & )’I‘ug HI-BY EBEi
03 1z FFendic?] o
2. 2 fo A BRF- MY BAAPR BB HEL 0 o TP iE
BAT Kk o WA FHE BHSRBESL B AR e o
3. M BEF- Y HA A id o P BN hiE S A ok o
A HA B2 AT BN L 0 F A E I NE T LA Rl PLER

LR e e FR4p g o

B 3-1-5 LabVIEW #7:% B %42 (7 )
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AL

=

4-
Ed
NN
NSO
Vv
Vi
L
kvl

51
DE|

Index Array _gﬁ--— i
3
m|

ottt
=2

oFad ofE]

T o

Bl 3-1-6 LabVIEW #2:* B % 842 (= )

Bk I AR @t AR R FET - KRS Bl s
F AR~ AR S P
1L BY AB 23 Rl 2 - Bpad fF— it (8 ehd B 5 Rtz
? o
2. Bl A-B e plia Bl Y BAApRis A Tem 4 o
3. W ¥ A+B Gt a R 5 A RISk Y HAApiceis > LB SpF- 141

ot (5 ] & o
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3-1-3 Ap ARV HAENFTANG T

1 Xﬁﬂ’lfgﬁ’*%@ : j‘fllm—” B ] B

X W

From To

o = p— N ———————————:
A%i%%_&ﬁ ﬁ;l\\'_ﬁ_ﬁ:;éx.‘ Plot 0 /\,] A-B ANB Plot 0 /\,]
— J S — J
Bl 0.35-
0.80-
0.30-
0.70-
@ d 0.25-
g 060 §
£ 0.50- £ 0.20-
£ 040- % 04s-
0.30-
0.10-
0.20-
| B L
| _III. 1 4 ar J | Al s Wl l e
000 1 1 1 1 1 1 1 1 1 1 1 000 1 1 1 1 1 1 1 1 1 1 1
7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50
| Time | Time
| 2w | 2w
LIl 135 GELEL P [ S I e 5 e e e
Br§£~.§'_.ﬂ ﬁ;f<##§}@ | Ploto /\,] A+B AUB Plot 0 /\,]
S —— —— e J
0.90- | 1.80-
0.80- | 1.60-
0.70- ‘ 1.40-
3 060- 3 1.20-
=1 1 =1
Z 050+ | § 1:00-
£ 0.40- £ 030-
0.30- | 0.60-
0.20- | 0.40-
0.10- 0.20-
| | l N I 1 | 1 L I I
0.00-, 1 1 1 1 1 1 1 1 1 1 | 0.00-, 0 [ [ [ [ [ [ [ [ 1
7.50 10.00 12.50 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50 7.50 10.00 1250 15.00 17.50 20.00 22.50 25.00 27.50 30.00 32.50
| Time | Time
. - [ .
T | B2 o

# 4

LoFALERL R X phiE [ from Ldzde @

2. 2

B 3-1-7 Ap i B v AR (T4 G

Ble EApi R A 474258 ¢ cnd * fo oo iz A U E R T

B AT 5 b e

3. WI|- BE T LA B A o

35

L EPREF e A Bl#ie B B -

» 10 F_ % BLTE o



32 REZ R HKRAF SN £

C¥ia

A8

B R E

A5

F A0 A7 T

Hewlett-Packard

# 40 & +7 & | Avondale, PA
6890 GC
, Hewlett-Packard 5972 —
Bk Avondale, PA
MSD -
—.D N\
@ i & EDWARDS | E2M2 B L
. , J&W, 1.D. 0.25
F AP K AT | Agilent
DB-5MS mm, Length 30 m,
SRR Technologies
TR Film 0.25 m
% F TP s | - &R 99.999%
Chromatograph
A s B P 211165 11 mm
y Research
Liner,splitless,sing
- Agilent
AR 5062-3587 le-taper,  glswl,
Technologies
deact
701N 10ul SYR
GC /2 5t4+ | Hamilton 80300
(26s/2”12)
T 4P M 5 B |
SUPELCO 57330-U —_———
HELE
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S SUPELCO 57310-U 65 um PDMS/DVB
PR kR
Ry £k InVia Raman -
RENISHEW ‘
&2 % Microscope QL =
B ﬁg?l 4174 & 153
B kR -- gl F R R 2 mw
ﬁi%J d1 £ 1532 nm
His
National
LabVIEW 2014 5=~
Instruments
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3-3 &7 4

331 % & E & XM

u% [had
) oy
(=~/10mL)
*AOC I # 2 %40 1800
w3 R R 1400
*FCC E & A~ % 4 980
*Hortus E & & ¥ 4% /d 815
A
Florihana ¥ # % ¥ B & & & & 4 /4 760
17
Florihana % # & &+ & 2 ¥ 480
P
Florihana f2.p & 7 & i # 340
Florihana #& 1= & # 3 4 @ 400
Florihana s & & & ¥ 4 4 540
H BN 2 R A 300
% A L4 -

*R L B BEEMHOTR Y g 2 X AW
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3-3-2

BT

qw | A R
Bk &

g BRI &

17

) A-kp &

po |BFFE
S FF A

3333 847

ul | LA B (~/L)
Py iEfE e 450
1M E S IE 409
A
Oliviers&CO. & d 11000
17
CIRIO {&ff e 396
4
OLITALIA {& i 379

B R
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3-4 & E
TG EH T AR 1000 1 0 X B 1 pL Sk MALA 4
» GCIMS i %_ -

T FAPMCE BT T (ST 7 B 4o 3441 %%
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Fri RBEFEHEEG

4-1 & B & & X0 2 Vb R iR
4-1-1 REEZTH B2 Bt i

A FAPEATT R RIE 24T

Inject temp : 250°C

Split mode : 30 mL/min

Delay time : 3 min

Oven temp program : 50°C hold 3 min, 3°C/min to 240°C hold 10 min
Carry gas : He

Flow rate : 1 mL/min

lonization energy : 70 eV

lon source temp : 240°C

Column : DB-5MS (30 m x 0.25 mm x 0.25 um)
MS range : 35~500

10 min
240°C
<
7 3°C/min
3 min
50°C

e Y

B 4-1-1 § 49 K 47 k= iR G A
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B. % X4 11 W

7000000
6000000
5000000
4000000
3000000

1000000 A C&I\% f

0 —

"
N

ity

Intens

N
o
o
o
o
o
o
1

Ve

-1000000 . . .

3 13 23 33
Time (min)

® 4-1-2A0C & # &

9000000

8000000 - G
7000000 - 4
6000000 - B\
25000000
€ 4000000 -
£3000000 -

E
2000000 - R CDl 1
1000000 - X/\/ / ¢
\ l ' | I A

0 R N . ll.,l

'1000000 T T T T T T

Time (min)

Bl 4-1-3 3 5L E & X
A *‘E‘E/‘J’ ﬁg B: i;-’v}:%‘_ﬁg C: ﬁ’-_}?%‘] D: 4<% E:4'1}/“\?“3’ ﬁg

Fro-freps G: o i H: ¢ fBE*If
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9000000
8000000 - V4
7000000 -
6000000 -

5000000 - \N
4000000 -
3000000 - D
2000000 - N J\F f
1000000 - \1 xj )

0 P W W

Intensity

— <—

e

-1000000 T T T T T T

3 8 13 18 23 28 33
Time (min)

B 4-1-4FCC & % ¥

9000000

38

8000000 - 6
7000000 - 4
6000000 - c

25000000 - v

€ 4000000 -

£3000000 - 3
2000000 - . ) \i i
1000000 - \Q \/ J

O A PN | I

—&I

LLIL

'1000000 T T T T T T

3 8 13 18 23 28 33
Time (min)

B 4-1-5 Hortus & # ¥
A BEdm B: HE C: % D: #% E:4hipm
Fro-frefe G: e ¥y H: ¢ i > Iy
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C. FEFE 2T HD 2 et fi

Fo 8 4-1-1 REFE R TN 2 B i)

1

AOC 23 FCC Hortus
et
TEATHS [ ZERATHN | EEATHR | LRI H
& 7 Bl AR 02 R 100% 86.50% 81.62% 80.79%
& 10 ¥4 8 1800 ~ 1400 ~ 980 ~ 815 ~

BB A4 - EfEE A T e U R
AOC Z & 2 X b cng 49 & 17 B 5 I B > frd k0 cnBl i
o ded f 4-1-1 rom o BRI SRR R TR A R F A 80%

P AP REEREEN RS T
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412 3 b SRR T HB R

A FARER I T RIE ST

Inject temp : 250°C

Split mode : 30 mL/min

Delay time : 3 min

Oven temp program : 50°C hold 3 min, 3°C/min to 240°C hold 10 min
Carry gas : He

Flow rate : 1 mL/min

lonization energy : 35 eV

Interface temp : 260°C

Column : DB-5MS (30 m x 0.25 mm x 0.25 um)
MS range : 40~400

45



B.

Intensity

Intensity

R L Ry

290000

N

240000

190000

140000 5

E
90000

40000

\N D
_ . \u. &\ ¢

3 8 13 18 23 28 33
Time (min)

B 416 B4 B3 B 0 &5 40

38

290000

o

240000

/w

190000

140000

90000

40000

wf LW

3 8 13 18 23 28 33
Time (min)

B 417 B B0 &4

A *‘E‘E/‘J’ ﬁg B: i;-’v}:%‘_ﬁg C: ﬁ’g\‘{% D: %% E:4'1}/“\?“3’ ﬁg

Fro-freps G: o i H: ¢ fBE*If
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190000

170000 A °

150000 A \N
130000 A
110000 A
90000 A
70000 -

50000 - \N

30000 -

Intensity

10000 { I L]

-10000 T T

Bl 4-1-8 FEP & & &

340000

Time (min)

28 33

38

290000 - \N
240000 - A
190000 -

140000 A

Intensity

90000 A

40000 A

-10000 T T

B 4-1-9 ARTEHE 2 FAF

Time (min)

Al FegEwp B: > Ciip D: %

Fro-t™i g G: o > s

H:

47

o & K

28 33

E:4-yd fi%
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150000
130000 A \N
110000 A

90000 A
70000 -

Intensity

50000 - x
30000 -

10000 H |

-10000 T 1 1 1 1 1
3 8 13 18 23 28 33 38

Time (min)

Bl 4-1-10 sk @ & & 40

59000

49000 A
39000 - \N

29000 -

Intensity

19000 -

-
g T M

3 8 13 18 23 28 33 38
Time (min)

— <0

b

B 4-1-11 =P B R B & A T
A &M B: S C: #% D: %% E:4-f0
Fro-frefe G: e ¥y H: ¢ i > Iy
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C.

Il AR E A 2 R

2R 412 3 SEE R R 2 Bt i)

EE TR S

BH I pEp i Btk
et _ , , , ,
I EALHN | EATHN | TATHEN | AT HN
b i B REZX>Y | PP EXY | REE*Y | R EXY
& 17 B
100% 81.03% 64.75% 44.70%
R

32.22%

TR FUE EREORERLT RS SRS ol A

BT ORPIEST B R ANE 2 T T B e e 4412
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4-2-1 F B iE it
B E AR B
Extraction temp : 70°C

Extraction time : 40 min

Desorption time : 5 min

K AR 47 o RE 2

Inject temp : 250°C

Split mode : The splitless time was 1 min.

Oven temp program : 70°C, 5°C/min to 250°C hold 3 min
Carry gas : He

Flow rate : 1 mL/min

lonization energy : 35 eV

Interface temp : 260°C

Column : DB-5MS (30 m x 0.25 mm x 0.25 um)
MS range : 40~400

4-2-2 FEEBE
A ZBARREE T

Fof 4-2-1 Bk B Bz R AR

A 70°C, 5°C /min to 250°C hold 3 min.

B 70°C, 8°C /min to 250°C hold 3 min.

C 70°C, 10°C /min to 250°C hold 3 min.
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