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GC43 3 NAwps5L0 (NKiH)
NPD
vy tro (_
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E . ) MS-20% r7 54
= = : . Avy=7:-2
[wiR] [Fr-] (roipsc] ch%fm j: ki LLUJ_
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flDF ki L AHETHH D Py-GCIZ & LB iERk

— PR R -l

[BemusEFv5259¥—var|| (D] wew

[A] B FERHOFHMTRIROER
G :-&Fn"l‘lbﬁ BT RDHT L 7 07 7 — 3 B LGN DI JE(US-Patent)
(BB 0 10~100g ¢ BRI - 200~800°C (X1 CTHIED ]
SO (LA B U 7 BRI 2453 WROD B LR & TEBLPE D G0 1

[B] : EHUROMERDMOBHRL %
TAERESD D 5 L OWE ¥ AT LNDEA :

FHBIRA S L= HHH 5 ZHS5 L (HKBIASLDOF 2 ETN—HNTLN) =»H53AF+EFY =T L
SHEMY Y AF L ES Y —H 5 L NEECVD TR EAA LI AT UL AF v ES =R T L

DB OMHENY L F [N BTB (A F L) =B 0 /3197 5 L0} RHEDREMECGE (5
1537338 24P

FIRANERIE D 15 [200~250°C=250~400°C] @ ¥k ik sr sl o3 a8k (> Cio0)

MUEDRIRVEAL DI« TR DR - 8 (B F L0, SRR T 3 LRI &

[C] : HEHE/M075LOME
Culifstkiiay [FID (CRL) ] E®|IRKL2 [FPD (SHl)  NPD (NEEHD 1 ORIHEINICE B/ 07 5 L
BLU, Py-GOMSIZL B840y 54 (MSZ 0T b7 FL) EMSARY MILORINFHIGE : /34 07 5 L LD
RFHEC— 7 DGR - YU 15 S A Db,

[D] :Py-GCLiEDFRITIIBERBICTOVWTORATFMIT L2 E X FOMMBIERIT
CRATH L DTN FRENIDOTPYCCIZ & » TE SN AT E . DTk (NMR, FT-IR, TG/DSC, jti#
DU E) 12 > THONITHIHIMSEHTHEE I 2 — 2 2N LTEA LT b EDUIFFIRF D% MY
RS LA SIS DT T B 0 J2ITE 9 T-OH T D RN



SIDEENSLOESLBABENI T TS LOWE

Py-GC OBHRBLCKELBEEZRELELEOB., GCHEASLILBITIRFOR
WA LICRS, BOREDOFYES ) —ASLOERALLEERTHS, LALED
5, YHMGolay- A I L LTIBTEKLEBHBLEATF Y LADOFYES U —H5 LI,
BILKRZFLLET2BENDEVEEDONBICIENNLE S EEEZRLED, &
HEORERILEDOFECRI AT YV AREBEOREEHEDED, S YETY—-H5 L
AROBADPBTLUERE NS, Py-GC ~OHFMLBHIZ1960F R ~T0ERBEIC
PITELKEBRULEFASAZFYES ) —0RFRETCHFLERQELR R »E, ZOHS
AXYESY—ASLEAVS Py-GCOBRICE>T, BAEERIT YT LIS
DHRUTHEZND I LA DL,

R2cEELH, MURE [F/UDO=FUL—2FL > (AN-St) HEAEK] D
WT, BREATFLZRAWTIINECRERLEFAREE >N M 0TS Lk, 08
BRI EATAFYESY —2BALUTINIEICERLESNATO VS LEZRNELT

(A

0 % 10 15 20 min,

ALS ® ASA  [SAS

SA

SA
SAA

SSA
SAA \

SSA

0 10 2 3 0 50 80
g (5
S:AFUVBE, A: T Vo= b YvEGL

M2. REATLLEATAFYESY —ASLTCHEELELXESEKO A/ T TS L
DHERE [SE 0 AN-StIEA (AN/St = 50/50) 0.1~0.5 ng]
(AYREATLICEBENRATTS5 A

BORIGE  AT0C ; DA S L HE[3mm i.d. x 2 m, 10 $¥DPEG-20M
»EBLE Diasolid- L(80/100 mesh)th YD 7 l::r_‘f/’]") —2-L% %
?olé}t 1;)1sol1d L(80/100 mesh) 2 EAFKIE] ; T LIRE : 60~200T (
min
[UAET, i FH. KNKEK : B8O F{F, 29,407(1972) ]
(B)“ #vE7U~h5AK$6N4D75A

51
%ﬁﬁx 510C ; AT L : HSAFYESY —[0.3 mm i.d. x 50
AFIURDSURS Y R NEICHE]; #5 LEE : 50~250C (4C

gaya, Y.Sugimura, S. Tsuge: Macromolecules, 13, 353(1980)_]



RLE., REASLDOEECIE., Z MUIIVEEW O BEICPEG-200 R OBERMED
FEHE2RBLLEELATVWDED, HTFLBEBEOLEBAIKLS, ¥4 —RFETLD
DEEXHATWRWDA, H5AFYESY —TR, AITLHEI DR YAFEHETHDIE
O, VBRI CHERATELERED 0V-101 ODEHNS LT, PIAY—BHETO
=B vy —FICHEEhTna, AR, CHOoDFRBEASLEFYES Y —7
SLOAFUVICDODWTOEBBBEEREZEATHA., & 3,0008 L UT20,00088TH - =,
LALLEYS, Co—H2RABLENSAFYES Y -5, BEBNHEEDH L TH
CHESSRYVBRVWOREZDPHAHOES, TLTHI AL VAL RBHBR» 7 I VR
PORBBHEASGHICHLTE., PXAOREEEASBBEICR 22 L2 EFPHTH
BhERY, Py-GC ON/BFTHHRISOFXRBHBEAS LERLECEERIIETCR
EuRbIok,

COBRER-EON, L9TIENSIENBEICHHTCEENILLBEH LEHERY
UhFrvyESY—HhI L (fused-silica capillary column : FSCC) THh-okE., I
. EEEEELVESERTTVBRT 74 N—BIERK R GCONEA T LICHE
HLELOT, HEKCEME NS0, (FR>VUA) 2AVTHFYyES Y —2{FRL,
KD EBIEHBEEZMSEDIC, RAZAVAIRREOHAEBSER CRELE
ENTH2., 2OULTHEREINEFSCCE, TOREMLENICBD TREKETHY .
WAOMICEABBOBREL AT A LLBEL TREICHEL, RROGCTRFHELE
BRALEWESBEFANRBE T E7IVEYERHOBIM, SDCRRICKEICBARL
IRFI(EYREORBECSABATELIDOICRY, ABWLEMHR Py-GCOX
BlickEL<FEELE, '

R3ic, NENZLL REHRFSCCERE WS Py-C2 7 I VELREOHEBHEDOHS
BAERMEETBHHREY7IR {12.6—F 4 >: [NH(CHz):2NHCO(CH2)4CO0J.} (A
LER%, ACEEHEBEEKEBVWEAS AFYES YU —AT LM T T LE
HELTRLE, BELXHBEUTRDBEERER., H5AFXVYESU—-AFLTED
NESAOYSLETIEH, BEAPLE—V2FRBRLRWVAHDIVWIE" EAZRKR” o
—JHELTUDBRSARD LN - FEMOBKE? I V0o — XA, FSCC
THEEENENRAOYSLETE, BRICOBEIATBEUZEATVWDIZLETHD,

E5iC, FSCCoREH S 2 RTHEAME LT, R4 A F O HE ELAEE 2B
LM ySLERULE, REABEEONf O/ LETBERAEZATHE, U7
DU IWI—FUREITYUIINI—FNREDIRFI(LEDITELEOBED
NRATTSLETE, BEAYBELTWAZ EWDMD, CZTHAUZNTVD T
C RELEPEERSOBOWRIGHEOEDIC, FSCCHABBTHUFHOGC TREL S
HMONEALEIATHWELDTH D,

¥, SHAWOLNRTWAFSCCORBEALOBEEHBEAIRBE S > WIRILERS
ByREh2HETASLABICEEZATEY, ZORNIEEHEROMMAKE %
MESERELBEL, BETRATLOFEHBRREBEE D 4H50CHZEOL DB EH
I ABEHTHDE, ZoLI2RRETH, BEHEOLOEIYBLELULAERY A IR



CH;—CH
CPCP:-‘/iu:\'ya/'/ | ! ~c-
(A CH:— Cl”

MNIAL: 72 FIEZ 123720
CHy — (CHz)m — Cils {C“J — (CHz)m— NHCO — (CH3)«—CN
HC: B{l/k 4 { CHa =CH — (CHz)m-1— CHs Cliz = CH — (Cll2) m-1 — NHCO — (CHz) — CN
CHy = CH — (CHy)m-2— CH = CHlz
5| HC 8 g MNIA)

11

Clts == (Cll)m— NIy
M:T iy
B) AM =T {c1|1=cn—(cnz)m-, — Nily
- 1
MNIA)
m=r9\1%

0 10 20 30 10 50 60 70
L | 1 | 1 1 | _J
50 100 150 200 250 T 280 8515 (5)
L | 1 1 1 1

h 5 L (°C)

M3. HI9AFVYESY—AITLRUFSCCTHBLEF AT Y DINA ays LhE
[s. T?uge, ISL]Ohtani,M.Matsubara,M. Ohsawa:J. Anal. Appl.Pyrolysis, 11,
188(1987

BOYRTEIE : 550°C. ¥t 126 F 4o (#0.1 mg),
AHFFAF+ESTY =T LICLBNA0TF L
DHAS L HTAELET Y — (NE03mmxBEE50m, #Y IxFryosyyEREICHKLL
726 m) 50 ~ 250 °C (4 °C/min) Filt
BIER Y AE+ET )~ FLICLBNN4 DT 5 L
NMAS L ERYYAF L ET Y~ (N0 2mmx EE30m, ZUGERIU X Futty vo iy )
50 ~ 280 °C (4 °C/min) Ftitd

RYONBEBHEEEOWMAMENBECLA>TETEY, JVEBERCHADZINIZT L
THES>FEELEISCCEFoE, fREh3iCE-E., HRSKBEEERVIFULY
(HDPE) £ RU T AFISux+4 > (PDHS) % 600CTHML., FII=ULEKHOD
FSCCCHEELTEBOLNENRATTSLERLUE, BIBZEKDOVTHE, Caa (FFE K
900), BEIODWTRISAFILIOXFH Y BFDLIEREK : Das (FFE: 3182) FT
DEREOBRHSBREBRYHPBEREA TS, LALENS, PIVI =T LEEDFSCC
F. BREOUAEPIUIZVLORBRARORSLEVN S, DIMCH BELR B
o, K50 CEVWoEEBASERBAREE CORBRIER EDRERIC,
FRLULPTVWILABEEO—DELTEREA, BRETEBRLEAL TR,
CZHOULERBETC, ASLEMELTE | GolayWBEBICHVWEZAT YLV ANEE
BLUMBERELRLICERAT VWD 2RSS, BUREEZATETHWD, BSEKEK
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{B) 100 °C T3 Wf[slEi{t & ¥ /oK

20 40 60
L (9))

R4, BT BOIRFUHIEOFSCCTHELE ATV S L

or

HOIRRIERIL : 600°C, HEH: 0.15mg DA+ VI (ERT72/ -V ADY Y Y ¥z —Fn (DGEBA;

10088) &, AF~FH b Fay 7 VEEEKY) (MeHHPA ; 8058)) '

S}S’[EﬂiA BRYYAF+ES) - (HE2mmXxBEX50m, BEHNOSET 2 =2 F LAY Yo+
), 50~280°C (4 °C/min) 2

[H. Nakagawa, S. Tsuge, T. Koyama: J. Anal. Appl. Pyrolysis, 12,97(1987)]

CHz=CH-(CH.)¢-CH=CH. (A) HDPE —fCH,—CH.}+
Co ¢ {CHa'(CHz)v-CH=CHz
CH:"(CH'z)a'CHg
Cis Cypo $a
&2 Cso
] Geo Co
o " ! # 4 z min
D c Clls
? cn;\\J 0| i (T‘H 3
% p,: | | (B) PDMS —%Sll—Oh—
0\ 0 CHa
Dg sl
Ds | Dy Lo W -
I e D4y
%DK‘) Do Dy
N llnllllllmmu“... .
v # F i £ H 2 min
S, PIVI=ZULBEBEOFSCTCHBELEESTFONRNM T T T L

(A):BEBEFRY ZFL YHDPE] ; (B): ) ¥ AF ) oxH >~ [PDUS]

0.1mg ; A4 ARIAE © 600C ; %ﬁt:b S Lo AL BEFSCC

i.d. x 25 m 0.1 za¥ AFISYa—r(0V-101)];

E 40~350°C( 5C/min )

oto, H.Ohtani, K. Yamagiwa, S. Tsuge : J. High Resol.Chromatogr.,13,397(1990)]
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ZoTHBEEWOSBETHISCCICHET 2., bW ETh 2 BRI OHESET
DATYUVAFVYES Y —AS LRI O, Py-GC CELKBEHAZLEBH TS,
Golay EFK (19504Ef) L BL->TWVW2 01, AEOFEMPEREBR L L ORE
MRESEIATEEEBRNO—DTH 5., L% %K EH (Chemical Vapor Deposition
OB EOBRFESICEIY, YRTEHEFATHETH EEBIYET Y —NED
REENS Z{LNBEPFREESECABLEDN, BECTFADZ EDKE2EZ LTS
2. COREEAS LY Py-GCO—BOBHEICESTEZLAFHEOS,
ﬂhﬁNT%tGCm$vE§U—ﬁ?Awﬁ%%ﬁ%%SK\ikwfﬁbtn
Golay KEBEE S EEGRFYET U —ASLABFEICL>T, RENICEBEZhE - &

B, GCORMNT LOEBIC S, BRESICREINE MBEAK) FUTRE>T
WaHZEEPE->TWS,

3.2.GCKAVWLh2EEHBAOEE : _

T, GCrBCB T2 ERHE0B* BB EHEE (BH) 228 E0E
MzRTHEID, M6IK, BBHEBRHEOERLZNEZAY 7T Y (Ciols Do RERE
EOOMMBRILKE) EBEBUERHORZECEHBICEP (FRIY 7O hFS SO
NY) OFEOBEZL DOBEFOLENIKAVWSAT WS HHEE ., HNEE Mc-
Reynold’s Constant) DMHICEFILE, REAS LALEBORRICE.,. 2o :2450
200 EEEZBASHEN BN EYEOBBICIELT, FnRATF O HhTEE, LA
LA, BiERET 2NENE L < L2 REMELFSCCC S BN T L F kD
BALTADE, BEERFCERICAmEHhe LY BEE2RLESY -V R %
FOET 25 EBIC, BEHAFRESATETNS, 50, BEOCHHOI5%
BEITR, P2V oBM 2L LW 0RBARCO VWY, BREHICEL
s ABRSZREIBRAHCHE - BEIT A RIS AFN O0FH YH B 0L 5% 7

#3. GCHAXvyEIY—AIL0MEBEEBLBHY

£ K oL ow o o® MW ¥ K HEZRHZ=—X gL e o= BIH M B =

- 1957 Golay OFZEXI-RE  23CGFWR-ERE) GO BEDBIEEE(L GCHRENERNEE BELSY~NOTES

- 1859 DestyEDiiari)-oBME  KEHAI 2 BEACEH~OER  Aaadwr)-ERorE  BESSE. BIEELEY

- 1979  Dandeneau& ZerenerdiEHEE BRI U A BRELEY~NOER X774 N-8HK BERR A (350C)

YIRFILT - O MR (BRERX) BREE
- 1988 Lipsky® DAIGE L = ER BRI U A BERFOE L EUENE 2. N | HERNT D5
YIRS - DB R (BRERE)

- 1988~ Takayama Q& BR¥¥II-0 AEREERAT VA BERF L BBOEE XELAERFOELE HHEMS 0OER

AR & nv74T7- 3R CHEAL DEE (CVDm¥)




AAEOIBAHENE B

(McReynold's Constants™)

Squalane

Apiezon L\

SE-30 ]
ov-1

0v-101

DC-200
smm%

(

I

Polyphenyl ether—
(5 ring)

I

Carbowax-20M ————
Silar-SCP ~

FFAP /—’

Carbowax-1500

I

I

TCEP —

0

2,000

3,000

4,000

polydimethylsiloxane
CHa CHy
A Y
Crhy ~(si- o;—n Si - cHy
- CHy CHy

_/—polydimethy |-diphenyl-siloxane

o Qo
cHy (s}.-oﬂs‘-o);—sll-cm
CHy @ Cliy

{Phi5%)

1,000 polymethyl-phenyl-siloxane

Hy CHy

S 1
t
CHy (sa -o};-s; -CHy
1]
@ .

( Ph:i50% )

_/— polyethylene glycol

HO 4 CHh - Cita - (v)”—ll

2-nitro-terephthalate of PEG-20M

* BB ORERIR | squalane (1BA4EME =0)
RIZBRSIER) N ¥, TR/ N, 2-~o s/ -2 raTane By

& 3 # 48 (x) D McReynold's Constants = iIAI‘.(x)
ZCT, REBGAQADE, MAENS L2 (B)IZDLT squalane(s)E & 2 1B (x)
EAVIAMNSLTHME N IRBEEL TR TN Lals), la(x) T3 &, AKX

TEHFENh S ! alglx)=1g(x)— lg(s)
[W. 0. McReynolds, J. Chromatogr. Sci, 8, 685(1970) ]

R6. GCicRAwWsh2BEEHBEEKOLEEE L AR
BEfE & FLET 8Ty 7 (B4R, HASH{LF SR, AE(1994) 63]

SRV SAFN - Tz )V—2OaFH V2 BBLELTHVWIHENS L—KT
CHARBETED, COEIK, LEMCRERA I YES U — A5 ATHEL &4
S5CCHEMHOEEIBELEZLIE, GCHOWNKCEBLTATRTHL E, LY E
BE2ETIRRE 1B YRETHoE” BHBEHEOER” Mo, SR ZE2EANIEC
BHBELEDOHZST, EREMTOGCIEBUEF— A OHERKEYZEL < A5

iIZLE,

3. 3.4 g ls Ltk —r oY - BE
NRATOTSLEBE. RHORDIBRICEI>TERLESLS ORSOE — 7 REH D
BEhTnwd, BEBRAOESFRELRLOBEICE., 20BSBEBE> S FTHE



BERAR. XTI CRHEIATVIEEROS IO YFLLEOE -V RIOR
BEOLEREDS, BRHLEASOYSLLEOERBRAEL -V DOV TR 2BE
OHEEFTRIZENTES, LIALEYFS, REARBIKODWTED L DINRNMTTS
LEOE—7E, FhOOREBETFT— A 2RERELVCBETLE, SBEY -V ES
OBBLIORARVEHETEI LR TELN, —BNLREAE2 T LIRET
55,

—%. GCTClE. KEEAZ V{LRHB(FID) cREEhZRARERICHA T,
ZROERVREBIEHCTCES, 4, GCCHWwWs A ELRHEELZOLDLOD
HRBHEE2FLOTRLE, Z2ORCRUEERNLRESZEDY B, 540 F0 Py-GCT
. BETERBU V2E0ELEDICEREZ I ORAENLEREFZ(FPD) B L UZERE
Y YEESUEMICEREEE L DA & VLRI E[FID(E 2 WENPD) A /S T ¥

#4., EFRALEOLTVWDGCHRESOHERFE

BB o0 & BT & BABRLR gy

(AR ;

FEEEMREW (TCD) * ) v —A AL 1,000 108
(Thermal Conductivity D.)

AERA A LRSS (FID) T LAY —i 50 10°
(Flame lonization D.)

Y7 L4k ALiRES (HID) e LA4k 10 10°
(Helium Ionization D.)

KA A4 {ekedids (PID) fieks - FHRUML B —K 50 10°
(Photo lonization D.) (Frio A fafofb &)
EIRER 58]

TFHMERRYE (ECD) B oy, BRER 0.1 108
(Electron Capture D.)

RIEHRESE (FPD) midt-, 8-, H-1LaY 10 103
(Flame Photometric D.)

¥ - PSR (NPD)Y -, By 1 108
(Nitrogen Phosphorous D.) .

TREHEREE (ELCD)C no¥r-, mE-, €E-1tEY 5 10¢
(Electric Conductivity D.)

FEA A {LBRESR (SID) |7 I oK 0.5 10*
(Surface lonization D.)

Bt - B FRLRESS (RCD)! k-, EFH-, 14 7-{LEY 100 10
(Redox Chemiluminescence D.)

fEFE RS FID(O-FID) BEILEm 100 10°

(Oxygen Specific FID)
(&t 27 4]

GC-H a4t (GC-MS) . *y ) r—H AU 10 10¢
GC-7—Y) =% IR (GC-FTIR) IRBENRDH 2 ED— 5,000 10°
GC-EF#ktwmt (GC-AED) ¥+ ) Y —H AL 10 10¢
a ! R/NMRHEIIRAERET TOE%E,

b : NPD 13544 FTD (Flame Thermoionic D.) & b8Fifin 5,

¢ : ELCD i34 HALL-Detector & HFEIFN %,

d : RCD i25l4 SCD (Sulfur Chemiluminescence D.) & bIEiEN 5,

* W FAFEET -2 Ty (B4R, BEAIFLFELE. AE(1994) 64,



(A) FPD # i
Ny,
S,CH

H,S| | CH,SH [];lr NISFT S

BIFID fls || WWWW

AV 7Tvy IRYTF Y

B4 (5))
R7. FID LU FPDEFREICE MBI LN/ 075 L

(A): FPD&&(S"E“F)EJZ%{}\"{ Obgs5 . (B): FIDRHEICE B4 075 A
A MENBLAERARITILWM 0.3 ng) ; BAORIEBE : 630C ; HEEH S L
FSCC(0.2 mm i.d. x 50 m, BHERRKY IAFI>ux4 V), WS LEBE :
0~280°C (4°C/min)

[H.Nakagawa, S. Tsuge, K. Hurakami:J. Anal. dppl. Pyrolysis, 10,31(1986)]

SLEDY—-VRZOEBLRFMBFRLELT, L<AwWLHATWE, RT7iC, FID &
FPD O RIBERE*MEMBLERRILOPy-GCICBEALEF 2R LE, FIDRE TR
TLOXERY 2RI 28 ML RILARE -V BICHEIAT, HRELURD o N
REFPHEOBRIBELRBRTI2BMEBEOSHEARFTOLE -7 A, FPREICL D
NAOYTSLETHE, BoEY L ERPICRBEhTWRZ LA DbI B,
LALEYS, ERUTEEE Y TREE) TR —BRUREY—-JREE®2TD
CEYRBENCERETHD., MO TSLEORNE -V OBBELRRAEICE D IS
EREEEFUSHESUEANKCOLESERLTVS, HESHEWI®» 7 U K
BENDHECFTIR) DR EDHFANRY hIVEEHAANE, Py-GC-HS3H % v id Py-GC-
FTIR®, SO IKBERAILE AR FREKR LS (AED) % FIFH § 5 Py-GC-AED 2 & 0
HENFEEZEAT22LN, RPEHTH 2. EEHE. ChETOESFHFOD
HRICHRVT, GC-MSICERVAEN L WEBBHEICE>TEEDN, T<REKEST
VERKERLITRULAEZNE COPYGCRIESY 257 Lic, BHEAORID THEN OB E
ZABBICTBFTIRBE U, GCTHRU B ED{L&Wmo#ERtE (CHN,0,S,P.Cl



JEBr 2 8) BHORKREZFEICT S ABDRY 2, HIEKHEALT, YATFLOHE
HALZEIDCHEDTWEIEZATHY, GCOEFORMARRTL LKL LD T
55,

4. BbHYIC

ABTR, BATFHHANOIGHLE VI BREND, BIE TRAROBICEL TS &
AU ZHOTEEGCH, SLKBEEEFICBE>TATH, 2B HEHEEFLVWEREZRX
FTETWwdok%:, TOREATLERE - AEEEHRLICHBMBLTEE, TLT
VEEOGCOBHA#HALT, FEFERLONBFLLAMASE TSI ZILEDT

x5, HFLWESHHBETZHRTE] LHOWWZIEEZZEATWS, B2, Z
NhETRBECBLEGCORHOESCBBHHLOD, FEES LV,



BBECBT AT A u~ TS5 T 4 DEESR

BEERIVERT W F
195 2FERDEBEHNARAI7u~ b 774 ICBTA2RTOHREN AT.James &
AJPMartin iIZX > TRINTHEH, 4 0FLUEBRBBL TSR, Z0OMDOF R u<
P74 DEBIZIELVLORD S, BETIE. DESTICIITRA/a~ 57 (G
C) i, < TRHL2LABVWEBLVS THBETHARAVEERLTWS, ZHhEHR7
< b7 T A BMUDSITFIE L B L T, OBERE. BRE. BEMSOATEALTWEED
LNz B,

1) HRIa~ vNT5 74— DOFERT

ZITHLIn< N7 OREERIEVIR>THEL D, 7n7bﬁ774®ﬁﬁiﬁ<

YUEE, B Y OHEMFEE TH o7 M.S.Tswett 23, IBAEYHEESY ZOFELHNTHD
THEELZ1 9064 (FATR3 9%F) FTANDIERETCRS, Zhit. REWENE

STED ER» LIBAEDAEEAN, DN THELHT L. BiEoHh L L bizgasE
BERLESLEETBEIL, ZNZFhR& DABIZAEDO Y RRTE, BABESRSHD
BELZEWOIHDTHD, LML, ZTOFERELLEREN, 194 1&EICH-T
A.JPMartin & RLM.Synge (C & VIKEEEEMETHHE (H—Kr/a< o557 4)
RERE SN, ZOR, Martin %13, T CRBBIRICKEZ BT, TAERERT LR
—Wra< N7 4 OFRK. Thbb, FR7a<w 5T 4 OFREICOWTRER
LadnEdb, Zo®k, HEM, #LEEE T, BOELBEHICLVRLZOAD Z LiTh
27,

1 9 5 24T Martin X, James & & HIZ, FHTER—E I v~ F 75 7 ¢ & AVERLIE
B OSBEERLRDT, ThNT AT u~w NS5 T7 4 0EBETE WL S,

Martin EOBRLEEBIT, ¥+ U VY —VRACERLZAV., BES L LTEEEEFIA
LTwW3,

2) BRYMOHRIA I u~< I35 7

W51 195 240 James & Martin ODBELE, FxzaXa XY O Janak, 4 FVU X
@ Desty, Ray & \\omHEEREICL o T, FHOERBIC L > THERED bk, EE
HETiX, 1954%ENHRay R, SHDOHF A7 u= b S T7DFERE LWL 5, B
CAGHEEL L EAWEEBSREZERL TS
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Fr 51 —GC SFC Micro-HPLC
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SRR 1ERM HBRM - TERY RN - TR
BREE BREE - TRE BEE « ARE
B~h5Ta BE~E5FE B~&5FR
A+ % A4 % A4 ~F44 %
0.02
0.018 L
0.016 |-
0.014}
T 0012
0.008 |
0.006 -
00041 ypLC SFC GC
0.002
0 1 L 1 I L ) I
0 2 4 6 8

log v (v is pm/s)
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HHVEREPICES IR AMEERET LI T
wh,

24 BEXYESU-HTA

2:4-1 &BXVYEZV-HT7LORE Lk L7z
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FRERLSEH70I, PEATETHVWLA TS
1L 7% % (chemical vapor deposition, CVD) % @M
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Fig. 1. Chromatograms of the 51 non-protein and protein amino acid mixture as their N(O,8)-isoBOC- TBDMS derivitives
separated on Ultra-1, (25 m x 0.32 mm 1.D.), DB-5 (30 m X 0.25 mm 1.D.) and DB-17 (30 m x 0.25 mm 1.D.) dual fuscd-silica .
capillary columns.” GC conditions’ are in the text. Peaks: | =n-:nnmbisbbulyric acid; 2 ='sarcosine; 3 = alanine; 4 = glycine;
$= a-aminobutyri¢ acid; 6 = valine; 7= B-alanine; § = B-aminoisobutyric acid;: 9 = narvaline; 10 = lcucine; 11 = allo-isoleucine;
12=isoleucine; 13 = threonine-1; 14 = serine-1; 15 = p-norleucine; 16= proline; 17 = y-aminobutyric acid; 18 = cycloleucine;
19 = pipecolic acid; 20;= S-methylcysteine; 21 = pyroglutamic acid; 22 = 4-hydroxyproline; 23 = mgthionine; 24 = sérine-2; 25 =
threonine-2; 26 = e-aminocaproic acid; 27 = ethioninc; 28 = sclenomethionine; 29 = o-aminobenzoic acid; 30 = pr-homoserine;
31 = phenylalanine; 32 = selenoethionine; 33 = aspartic acid; 34 = B-N-methylamino-t.-alanine; 35 = 2,3-diaminopropionic acid;
36 = m-aminobenzoic acid; 37 = cysteine; 38 = glutamic acid; 39 = asparagine; 40 = p-aminobenzoic acid; 41 = homocysteine;
42 = @-aminoadipic acid; 43 = glutamine; 44 = §-hydroxylysine-1; 45 = &-hydroxylysine-2; 46 = ornithing; 47 = a-aminopimelic
acid; 48 = kainic acid; 49 = lysine; S0 = histidine; 51 = tryptophan; 52 = tyrosine; 53 = 5-hydroxy-pr-tryptoplian ’

- T T 1
l-] T T T T ; T T T I‘O min

‘ / f i amine o ami . 9.8 mg/
Chromatograms of a urinc sample spiked with methylamine (A, 10.4 mg/l). dimethylamine (B. 19.0 mg/l), ethylamine (C. 9.8 mg/l)

and methylethylamine (D. 9.1 ﬁg/]), The internal standard (IS} is the isobutyl chloroformate derivate ol di-z-butylamine.
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1) M.Makita, S.Yamamoto, M.Kono, J.Chromatogr. 120, 129 (' 76)
2) K-R.Kim, J-H.Kim, C-H.Oh, T.J. Mabry, J.Chromatogr. 605, 241 (' 92)
3) C-H.0h, J-H.Kim, K-R.Kim, D.M. Brownson and T.J Mabry, J.Chromatogr. A, 669, 125 (' 94)
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The gas chromatographic headspace analysis has been adopted for analyses of
volatile species in less volatile complex materials.[1] This technique avoids
the introduction of long retained components into the separation column so
that it allows an efficient use of high resolution capillary columns in
relatively short analysis time. Among the variations, the static headspace
gas chromatography (HSGC) used in this work features the distinct advantage
over the dynamic HSGC or a purge-and-trap method for quantitative work.

Recently the high performance static headspace analyzers are available for
the quantitative and routine uses, which incorporates the pressure-balance
sampling mechanism for the precision of uptake of +the headspace from the
sealed sample vial.[2]. One of the present authors revealed the sampled
amount from the fluid (gas) dynamics using the common chromatographic
parameters.[3] .

For some solid samples the addition of material such as water prompted and
increased the concentration of components in the headspace, and it was named
as "displacer".[4] We extensively worked on the volatile components in coffee
solid sample coexisting with a 1liquid phase of water or benzyl alcohol
(BA).[5] The experimental results were analyzed with the assumption that the
system is equilibrating and those liquid phases can be neglected, that is,
still two phase system of gas and solid. TABLE 1 shows the distribution
coefficient for those components identified by mass spectrometry. For the
majority of the components except a few, the distribution coefficient
increases for the coexistence. This means the 1less concentration in the
headspace compared with no coexistence of those 1liquid phases. The total
component amount derived from the experiment with the coexistence does not
match with the amount measured without those phases. These results need to
develop the more rigorous treatment of the system based on the thermodynamics
of the system description.

BACKGROUND FOR QUANTITATIVE HEADSPACE ANALYSIS

1. Component concentration in headspace

As an example, a system consisting of gas phase (abbrev. G) and liquid phase
(abbrev. L) is considered. Those phases are described with the volume of Vg
and Vi each and the concentration C; and C. for a component. When a liquid
sample 1includes a trace level component of concentration Cio, the
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distribution coefficient, K. ié’definéd as,
Kie = C / Co (1)
and a phése fatio'of Ba L is defined as,
oL = Vo / VL (2)
Thén Ce ié‘equated witﬁ C.o as below,
- Co = Co/ ((Ka + 850 )  (3)

This is much instructive for the analytical purpose: to increase the
concentration in the headspace is accomplished by the total level of the
denominator, not solely by minimizing one of the factors .in the denominator.
We arranged the setup for the coffee volatiles shown in Fig 1. A liquid phase
was equilibrated with the headspace (gas phase ) and . with the solid phase
indirectly through the gas phase. The experimental parameters to be used for
analysis are listed below the figure. As a final form, we derived the
following equation to describe this system:

Cs =CsO/[Ksc(l+KL_s )éﬂLs)'*‘ﬁﬁs] (4)

where S refers to the solid phase, and the notation follows similarly to
Egs. (1) and (2). This relation is . the more 'general form, . that “could be
reduced to Eq.(3) for the case of fis = 0 and replacement of subscript of G
for L. In the later section the magnitude of K(s is evaluated.

2. Multiple headspace extraction for complex systems

The isobaric headspace extraction 'later named as the multiple  headspace
extraction (MHE) was developed by Kolb[4]. This works well with the pressure-
balance sampling mechanism for the headspace, and exclusively useful for . the
analysis of volatiles ‘in solid samples.[1] A portion of the equlllbratlng
headspace is successively uptaken with the controlled external pressure.
Vietenberg derived a following useful expression for the mass sampled at n-th
extraction, Mn to the mass initially present, Mo and the external pressure,

p' and the released pressure, p for the pressure-balance sampling.[6]

Mn- = Mo [( KLo+BaLp/p )/(KLG+BGL)]"" [Bst/(Kia+8s.)] (p'-pP)/pP’ (5)

This equation allows to calculate Mo as a series of Mi,M2 ,Ms... Further, as
shown in Fig. 2, the linear plot is expected for ln (Mn) versus n as far as
both of the thermodynamics and operational parameters are kept constant. From
the slope the distribution coefficient, Kss is evaluated as listed in TABLE 1.
We extended this equation to the more general form that covers the complex
sample systems such as our experimental setup shown in Fig 1. Those processes
are as follows:

TABLE 1. Distribution Coefficient Estimated from MHE Method for Coffee
Volatiles Coexisting with Liquid Phase of Water and Benzyl Alcohol(BA)

peak component Ks e Ksg*! Kig-? Ksy -3
# name Water BA Water BA Water BA
1 acetaldehyde 8.9 8.5 14 - 120 - 0.074
2 unidentified 11 8.1 28 - 390 - 0.028
3 propanal 10 9.2 16 - 150 - 0.066
4 isobutanal 13 13 21 1 200 11 0.065
5 2-methyl furan 13 11 17 - 84 - 0.15
6 butanal 30 34 41 78 260 0.38 0.11
7 isopentanal 19 i8 31 - 270 - 0.070
8 1isopropanol 22 27 34 88 300 0.25 0.073
§ 2,3-dimethyl furan 17 16 21 - 180 - 0.0984
10 2-butanol 38 21 33 - - - -
11 2,3-pentanedione 27 18 29 - 55 - 0.49
12 pyridine 31 19 37 - 130 - 0.24
13 pryazine 23 29 32 130 220 0.18 0.10

! Assumed as the two phase system of gas and solid.
2 See text: estimated from Egs.(8) and (10) as the three phase system.
*3 Calculated from Eq.(11).
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1) The sample specimen of the mass Mo is placed in the closed system.

2) This mass distributes over the phases of gas, liquid and solid, - that Iis,
into Mg, M. and Ms for each phase. Those 'quantities —are- governed by the
thermodynamics, actually related with the distribution coefficients such as,

Mo =M ( Kie X Big ).~ (6a)<"
Mo = Mo ( Ksa X fsa ) (6D)
From the mass conservation, ’
Ms + M + Ms = Mo ‘(7)

3) A portion of the gas phase (headspace) is removed by the pressures of
p' and p, that is M¢ x (p’'-p)/p’' sampled by the pressure-balance sampling.
4) The remaining mass present in three phases redistributes over those three
phases following to the distribution coefficients. And the mass balance is
described, referring to the first (1) and the second (2) step distribution,

Moz + Mz + Ms2 = Mor X p/p’ '+ Muy + Msa (8),
Finally the n-th sampled mass, Mn is expressed as below," :
Mn = Mo (t/s)-1 (1/s)[(p'-p)/p1 (9
where s and't are-defingd“as“
s =1+ Kis X B + Kse szc 4(10a)>
t = p/p’ + Kis X Bua- + Kso X Bse (10b)

AS p/p’'<1l, t is always smaller than s. Equations (9)-(10) reveal - the
exponential decay of Mn with the step, n'of the extraction and give the basis
for the evaluation of the distribution coefficients from the slope of the
plot for 1n (Mn) versus n. Of course, Eq.(9) is reduced to Eq.(5) when the
solid phase does not exist.

Next, utilizing Egs.(9)-(10), the data for the coffee volatiles is reanalyzed
as listed in TABLE 1. Ks¢ is taken from the same table and other ' operational
parameters are shown in Fig.1l.- Those Kis could be justified by the two phase
system experiments, to be projected. The value of Ks. is calculated from the
relation, i E

Ksi. = Kso '/ Kig (11)

This gives rise the possibility to estimate the distribution coefficient that
can not be directly obtained for the dissolution of the solid matrix in the
relevant liquid, such as coffee solid to water. Further, the third phase is
expected to adjust the relative concentration of the components in the
headspace by the balance of the distribution coefficients and phase ratio.
This may help to possibly depress the concentration of the unwanted volatile
in the gas phase which interferes the separation or the quantitation.

Liquid

Sample solid

Figure 1. Experimental arrangement for coexistence of liquid phase to coffee
volatiles in the headspace vial containing the coffee solid.

The operational parameters are: Ve=19.25ml, Vs =2.34ml, V. =0.100ml, p’=48psig,
p=14psig.
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Figure 2. MHE plot for coffee volatilés: the ordinate is normalized with
A(1) of the chromatographic peak area for the first extraction.

It is concluded that the complex sample systems are even handled by the
headspace gas chromatography for the analytical purpose and equally also for
the evaluation of physicochemical properties, when .the eqguilibrium is
achieved. The application of MHE method to. the complex systems is supported
by the sound utilization of the thermodynamics.

REFERENCES
1. N. Onda, Bunseki, 882 (19887).
2. A. Shinohara, A. Sato, H. Ishii and N. Onda, accepted by

Chromatographia.
3. N. Onda, B. Kolb, M. Auer and F. Shirai, Proceedings of Seventh
International Symposium on Capillary Chromatography, p.110-117 (1988).
B. Kolb, P. Pospisil and M. Auer, Chromatographia, 19, 113 (1984).
N. Onda, A. Shinohara, H. Ishii and A. Sato, HRC&CC, 14, 357 (1991).
6. A. G. Vietenberg, J. Chromatogr. Sci., 22, 122 (1984).

[3, B

—120—



HLE-BABFOES - ¥4 FIv s~y FAR-ZAE
(R FAHT~ DIBH)

BRItFatEHRAA1T
FRIRE, KAHE. RAIEER

1, LB

ANy FRAR—2FEER, BTS2 ERERGEFRA7 0 b 57 (GC)
THETLOOXBNE, BAFETHDL, TOHEE, REFEICELLZ, T
X5 P FEHIRERR o TRAWMSZ Y BT B AE (FEAy FAR-ZE) &,
FHIZE LR, SABSOERBR SR MY BIBNAE (F1F3Iv 7
Ay FAR—ZFE) ZHEEIND, BINHFECIE. RESHSEERL TI-VFA
I BEVETHEE, WERBIIS- VT X 2EBRT S, FAAMN) v EYT (FA
HHE) B BVWHLABARERNBETAC LT, N=V& M Ty FEEFETNES
EE DD, T2 N—V&IVNTy THEOERE LT, NV HTAZERT L 70—
ZRN—=TF  FRARA MY v EVFER DD, TNHDFER, B0 SFELE O %
LLT, 372, GCluEEEAL., HERAWE " EADKHE L L TREDORREIE
ATE, BHERIIZEADHFEDHENEZE 1IZRT,

WY MEESREELZOT, F v
Yo 1) —h T ACEATHIEICE, &
KRB DEADBENDA VT —Tz— R

MFRD V397" ¥597° }597"

Ny N HR " o) PUEE B, FHAY FAR—ZHE

CRWTRETESE., Y)Y VEA ¥

i | | ¥ ) ¥ — A AN LB IEREL - EA D,

A A A HGANDAT) v VEALMAED

wﬁ% /B " ETAVLI, =T8T TET
BESE VIR A iR E NSk E] Y

AW SR RCIR NS TR Zﬁﬁﬁiif (Adsorption/Thermal desorption)

o ity ST TI N TEI TSP

1. AYR IR —AEDEAE ARETAV I M vV 2T a vy

(EFRAEDOHE) 254 F Vv Ta— N AEEM
AEDETHWLN D,

BER, Ay FAR—ZFEEEZE, BHANY FAR—ZAET, F14F3Iv 7~y F
AR—ZAFEDOEBIFRINTEL T, FEEFIE(HEEII L T o, D
KKTid,. SEEE v ETY -4 5 ACHENEAT 2 50, W&RHE/INEAE I
#E (GAS—30&) 2z, BEOKENENOFA LR, AE L. 73—

—121 —



J&NT Y TEE, KREESEBL RIRML TX/2, GAS— 3 0EZ Hwnis
UGNy TEBREEIIIAF IV IAY FAR—AFEOEBIIEETE, RE
DEEEAMAITEEL 20T, AEE, F4F3Iv 7 Ay FAR-ZRIIOWTE
L. ERSWISH LBERT. ERORASTFELTE. AT T4y 7%y
K2 R— ZESEHACTELABELTHIN—L, F¥ET Y —F T A~KEOREH
BATELZ LD, BRESHITEELFEE LTAROMANHFESNLHFET
H5, SRR T

2, ¥4FIvsAY FAR-ARORE

COFETIH, FEACHEEEHL. —TREL LT, RpF 0BRSS R
HO(ANY FAR=R) LEHEIREEIC R o 715, RABBDE NEEA ALY N=TL
THEBAPSBVIL, A=V FAFOERMERSE 7 v FCEA WET 5. T
Sy FULERENT, MARCED., F¥ETY —ATFA~NEAL, DWT 5, FH
REIGE LB, SHESE -V A AL DBOETOT, S—TU%fFo TWAH
I, BB D B L CTERMEE AR SNTL b /- VRHSREIPPBE, B
Frep DERU RS ORMBBINOBRHEML T B, LW MESD B, HbD
LEM~DOEEII,L )V BVO T - VEBERASETNES T VMELEE L2V (E
2) o _ o o
NV &Iy FETHE., EFM
HOBEBICEI D, FA4FIv s
Ny RAR=—ZETEINVTF TNV

100

80

Concentration(Gas Phase)

AVREO T EFoTBY. b § ]
Vo 7 ADHBEIRELFRITHD : /(%WM®MML

T, BHEEOBRVWHEIEZITOIITE. &8 207 \\y 4 BP0
HKEBEE, "=V FTAmE. /V— 0-'*’””:” -» , . : _ : _ ‘.-h
VEHE—-ELLTREETDLE 0 R 3 . .
TR S v, TOEITIE, £ Purge Time
HENOHPLBEL 25, 2. /X—S07O0774)

T, BEEFORMYBVRUTT I v 7 ADRLDOEBIIOVWTIE, AY T4
Ay FAR—ZEE FMOEESLEL L), TEAZFH—0HEL L, RED
BLEHARVERCT A EHFLI L, 72, /= UHITRERE IXE FHOFE
REZETZ20, EEZT) I, BERIMELRS &2, ABRURESRAD
BH—LIcEE 2D FRIEL 540,

BHeAY FAR-ZABEERETEE, ¥4+ I v 7y FAR—AETIEITAHE
FEN—VTIENTELOT, KHAFORMREE LT 57202 HFHER & £IT T
EREPHELZ), RSB XBEBR L VNS TELENES, ABEICHRT

— 122 —



SHEBPHBEHRELLoTHTHLERGCCIZEATES, o T, HEHEY
EETCLERMETE, HRLRETOUEYTREE 2D, T2, AR LEEEMLLY
RIETO/ = DEATR BHQGBH LAY FAR-ARLEFERTD 5,

INLOFEOMELHBEERIICT LD,

F1, Ny FAR—AEDOHEK
. AZTFAYINY FAR-RE | F4F3Iv s~y FAR=Xik
¥%%E  30-60% . RE
SREAR | ROATb SRS % Bl R N
BB REES | SURESE 205 0 %REE O mmEL
BRN T 5 HAEC LY HES RS IR L
<Yy s ADEE ' ) Giv3

3\y4+sy7«vpz&—xmoﬁﬁaﬁm,aﬁ@%@

FAFIv sy FAR=ZEL CUE R EE i\ﬁﬂ*“% EIREIZT AIRIEE
B (GAS—2TEXdt— M H>7I-GAS—2AR) | N=~V&}T v TEE
(GAS—30%) , avtu—9— (PAL—1GH) RUSHEMIH bR
HEEERLEZGCCTHD, EE @%&&%%wﬁM%lsrT?o
SHERIBEOANY FAR—ZAOERLERT L, N—JEF v ) ¥ —HFR
XA GCADEAZ \6ﬁ#%20ﬁ&Ab%tm%®@bﬁxfﬁvoLGQW@
M B E B 4 1R TR ﬁ®l7kbfﬁ70
1) HEEERICANL, HHL, %ﬁﬁ@—%%%&ﬁ?ég
2) N—UHATHEENENS—TVT5, (S—V&MT vy 7HIZE DK HEHT X
5T, BEOHRE., FIAN—VfE OBEASBRTE 2, FIAR-V O
MR T, BB =T L7k, REEBETOEL, P Ty TII—IVH A
PELUBREOBVES KPA Y/ —VE) 2Ty ThORMIHET S ,)
3) POy TRAEMBL, FrUX—FRCE DT ANERT B,
4) BFHIC Ty T omEE T REIOSHTIEL 5.

bS5y FERCIE, TERENIIRON TV AEDS, BIDSESHTT 7 ¥ 7 DR
TENAX TA% LA 2705y T2HVWE, ZOMNT vy 7OFERIT, BHIC
B TEBIRT AL TE D, LEREBORERENEHERRL, FYETY T T4
CEELREFY Y —TAOHEET, HELZRHOLEL # 5 ACEAT A 20124
BHULIVFDLT v TERHVD, 4270 Ty 7D ) —20F K3, #BE
EA/RNEI VD, EEMBANTET, FYESY I FLERTOIIFIAF T+ =7
A EBEEIZT LI ENTE S,

—123—



ro oy TE (BRE)

¥Y KTV —ATALATOR
BV ELREDF YUY
—HAEBWT, HEL:
AL cBOUNTEZ L

WKl A4 a4 4 XD+

AVA-R

5 —fFiF REFIFCT AR
(TENAX GC)

N=Y b5y 7

HFA4FI v TNy RANR—ZEE

GAS30%! / ——— '
=7 BRBEEARCSV): %+ ¥

HEBAR (SN) ( "-VESH
// ANDN=THADEFRET N B
3, : :

|

\{@g —HR, N=IUHADF Ty TE&
i ; ~OBEREON BB,

EN

\I;)L/E#vv’/ RN
\

HHERR

2=y b

/ SKHARz T

p544TU2y bs XN - GAS30EA

s Canatmbata b EEE
1
1

AR\
N

4

!
1
|
1
¥
'
1
1
1
]
1
!
|
1
!
1
1
1

S PO

77 LEEE

LSy THTA

z‘_
A1 AR

N—JHEHESE
(/54 7 IVHE)

HARRI= Y b REEELR
5 BT 5,
DKKSIGAS-2T - 2A%!

ISAFTH—HAR: 7447+ —H AL, Wfk
REBTHEHENRE, 7FAAT7+—HABEE LT T
AT LERRITHAT A EERANTHR, 7+ -7 X
DHBIX, HT7LEHORELEITT I L TEREI NS,

3. BEOBR & SO

— 124 —




4 Y HZR

pd
N
roy T GCA

4P Iy Iy FANR-Z R AL DRFREIR
N=Sb597

FAFIv oAy FAR=R/ KT 8=D

r

vy l EX A .
i 18 #2

kJ v Th%

GCA
e

N=D&FIVT

4 . DAEMEDFHEA
EROLIIT, BREUERSDP Lo VEED KT EEUHEICEIFTIA =T
FEEICENTHE, T7-. BHEALAWE2SMNR LT A, BEIT L THN,
5 4F T+ —HAREHETE 5,

4, BERIH~NOERH

BERTPOERERD OOWICTAFTI v Ay FAR—ZAFEEZHWLAI L DX v
M. BBEWEVEE CORERHEANTET, BRLZRETOERLE LI LN
TEBILTHbD, BHELERILAYDIORIRBEZFNTIHEICE, FYETY
—HTAL AESBECSEIATRTHY) ., TAERFERELE S IEESWE
EDMAEDLEDIEETH S,

GAS-30E%2GC/MS tLHAEDLERTAF IV Iy FAR—ZAFEIZLD
B ERBAT B, B ELTHAHGERY, XF VYT A THEWAX (PEG2M
W) HTATOREOREE T2, EBORBOIOT ST 2% 5 IZRY,
ZOBTIE, BUEORBETHORRENE LN, ERFOERERSOTHADIE
AN TRETHHIEERLTVS, REBREE220CET H2ET, KFOEFEZIHS
2B TLDTELD, FARICEHOE) S EANTEIRFTOIRON, /NI INTT 4
YCCl3BEFITTHo 7,

BEEICOVWTIE, R IF—X2HWHESNERT o AT v 7Ny FAN
— 2 LA, REOFERMERBIEE., ¥4 73y 73— D EHEORPLE

—125—



e ' . ) Abundance

AbyB335s v
500000 | . S " h ) » ;oo?oo (1)
400000 . R : {oo(oydo
300000 o 300000
200000 4 ) 200000 4 %
100000 L . : 100000 KM S
x T
O-H_J\—l L L T " l‘ T L- 0 k’ T hal T
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LM L S~ JH R He 20mL/min,. /$— VB[ | 10min., F7 4 /75— VKR [ 8min.

SEHEREE 1 20°C. BUEARE [ 10ml, JnZAEIEEEE : 4min.

F ¥ 1)V AR : He 1.0mL/min.
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M ISR
Chiraldex A-PH
BT I, TRXTF, AAMKRKVEE, TAa—L Amino Acids (TFAZLIR)
Chiraldex B-PH Column : §2633 Chiraldex G-8P (30m}
BT I, BIR7T 3, HIVKRCEE 7THra—, Temperature : 120°C
75/7)1/:,__», *%’ _37}\\/’ 1\13’7‘\‘/ﬂj77)l/1?}(/ Spilit ratio 1100 to 1
Chiraldex B-DA
BERBRIEW, 57 v, FEET I, 5
BT I BFEE, ZBULEYW, A xR 6
Chiraldex B-TA 7
TN, A=W, T, 7T, 8
NAF LT AFN, NavsaTiLh s, 2 1. D-Val Methyl Ester
NAHVKRIEI ATV, €T 0 FHENR ‘J 4 2. L-Val Methyl Ester
Chiraldex G-TA 3. D-Val Ethyl Ester
_ S 3 _ Mo (L 2 4. L-Val Ethyl Ester
‘T)l’: R v, f* )l/" KU A, ’Mt/{("“ 5. D-Leu Methyl Ester
by, 77y, TI/TNA-N, KT, 6. L-Lou Methyl Ester
NI H IR B 7. D-Leu Ethyl Ester
Chiraldex G-PN 8. L-Leu Ethyl Ester
IRFTPF, 7ra-n(calhk), 77+~
Chiraldex G-BP u‘\
TI/8 TV, 77> N (N
fifi4&
Name LD. Film 10 Meter 20 Meter 30 Meter
thickness Code | Price(¥) | Code | Price(¥) Code | Price(¥)
Chiraldex A-PH | 0.25mm | 0.125 g m | S2625 | 150,000. | S2626 | 200,000. | S2627 | 220,000.
Chiraldex B-PH 0.25mm | 0.125 g m | S2601 | 150,000. | S2602 | 200,000. | S2603 | 220,000.
0.32mm | 0.125 g m | S2604 | 160,000. | S2605 | 210,000. | S2606 | 230,000.
Chiraldex B-DA 0.25mm | 0.125 g m | S2607 | 150,000. | S2608 | 200,000. | S2609 | 220,000.
0.32mm | 0.125 xm | S2610 | 160,000. | S2611 | 210,000. | S2612 | 230,000.
Chiraldex B-TA 0.25mm | 0.125 g m | S2619 | 150,000. | S2620 | 200,000. | S2621 | 220,000.}
0.32mm | 0.125 g m | S2622 | 160,000. | S2623 | 210,000. | S2624 | 230,000.
Chiraldex G-TA 0.25mm | 0.125 xm | S2613 | 150,000. | S2614 | 200,000. | S2615 | 220,000.
0.32mm | 0.125 g m | S2616 | 160,000. { S2617 | 210,000. | S2618 | 230,000.
Chiraldex G-PN | 0.25mm | 0.125 g m | S2628 | 150,000. | S2629 { 200,000. | S2630 | 220,000.
Chiraldex G-BP | 0.25mm | 0.125 ¢ m | S2631 | 150,000. | S2632 | 200,000. | S2633 | 220,000.
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TOWN GAS BUTANE ISOMERS
9
|2 BUR B
3 1. Methane 1. Propane 6. iso-Butene
2. Ethane 2. iso-Butane 7. 2-Butens
3. Propane 3. n-Butane 8. 1,2-Butadiene 5
4. iso-Butane 4. 1-Butene 9. 1-Butyne
5. n-Butane 5. 1,3-Butadiene 3
7
2
1 6
‘ Lk
45
Ak I
0 5 10 15 Time (min) 0 5 10 15 2 25 Time (min.)
Column 82597 AXTRAT L Column ;82597 ARTAAT L
: 15m X 0.32mml.D. 15m X 0.32mml.D.
Temperature 40C Temperature : 40°C (2°C/min.}~80°C(10°C/min.)~130°C
Carrier Gas He CarrierGas : He
PENTANE ISOMERS HYDROCARBONS (Cg~Ci0)
. . 1
! . 7 HH BH
6 1. Methane 6. iso-Pentane 23 1. -Hexane
2. Ethane 7. n-Pentane 4y 2. n-Heptane
3. Propane 8. 1-Pentene 3. n-Octane
4. iso-Butane 9. trans-2-Pentene 4. n-Nonane
. 5. n-Butane 10. cis-2-Pentene 5. n-Decane
3 s
2
]
10
0 5 0 - 15 Time (min.) 0 5§ 15 Time (min.)
Column S2597 AR7/ANT LA Column 1 82597 HAXTOhT L
15m X 0.32mml.D. 15m X 0.32mmli.D.
Temperature 40°C (2min. hold) (7°'C/min.)~120C Temperature : 150°C (10'C/min.)~250C
Carrier Gas He Carrier Gas : He
1l Name iD. 5 MeterA 15 Mete'r 30 Mett?r
Code | Price(¥)| Code | Price(¥)| Code | Price(¥)
HZAZTAHS5 L ((PLOT) | 0.32mm | S2596 | 43,000.|52597 | 84,000. | S2598 | 101,000.
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