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SIMAARY

I. Title

Development of wulitidimensional analytical system by supercritical

fluid chromatography (SFC)
II. Objectives

Demands of analysis and didentification of organic compounds are
dramatically increased as the industries are growing, many products are
spread in daily 1life, and measurements of organic compounds in nature are
required. Chromatography methods have been used as main analytical tool
for several millions of organic compounds. Only one chromatography method
1S not enough to analyze all organic compounds because of diverse
properties of organic compounds. Although capillary gas chromatography
(GC) with MS and FID is a highly efficient techniques for organic analysis,
it  has limitation to analyze the only volatile compounds without
pretreatment. Non-volatile organics which cover 70-807 of total organic
compounds are mainly analyzed by liquid chromatography (LC) method having
UV or fluorescence detector. Limitation of ¢ is loyw separalion nfficiency
and restraint of detection.

Recently, SFC wusing supercritical fluid is developed to overcome the
limitation of 6C and LC. Advantages of SFL are 1) high separation

efficiency, 2) usage of universal detector such as FID and MS, and 3) high

v



resolving power using supercritical fluid to analyze non-volatile organic
compounds. |

In this research, main objective is establishment of accurate organic
analytic techniques for non-volatile organic compounds by developing the
SFC  system having high separation efficiency and construction of
muti-dimensional SFC system. In first year, SFC was designed and
constructed using GC system, its analytical conditions were established,

and evaluation test of its performance was done.
ITI. Contents and the Scope of Research

1) Design and construction of supercritical fluid chromatography.
2) Establishment of amalytical conditions for SFC and evaluation test

of system performance.
IV. Results and applications

1. Results
1) Construction of SFG system using GC.
2) Establishment of SFC analytical conditinns and evaluation test of
SFC performance using sample composed of 26 kinds of n-alkane.
3) Design and construction of SFE/SEC apparatus which is used for Lhe
analysis of non-volatile and heal unstable organic compounds in solid
substrate.

4) Construction of SFC gven.



5) Determination of optimum dimension of restrictor by measuring the
fluid velocity varying the length and internal diameter of linear
capillary restrictor,

6) Design of FID detector for SFC.

2. Applications

Above results exhibited tbat SFC is a complementary analytical methods
having high separation efficiency of LC and GC for volatile and
non-volatile organic compounds. Furthermore, development of capillary SFC
system having higher separation efficiency and construction of on-line
SFE/SFC will be utilized for the development of multi-dimensional
chromatography system. This system will be useful for the analysis of
non-volatile organic compounds which are existed in complicated matrices

such as environmental, food and clinical samples.
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Table 2. Examples of the Applications of SFC.

Substance determined or Material analysed

Polynuclear aromatic hydrocarbons

Hydrocarbons

Coal and petroeum derivatives, refinery residues, diesel,
kerosine, gasoline,coal liquefactions

Carboxylic acids

Alcohols

Aldeydes, ketones

Fatty acids, fatty acid esters, lipids, glycerides

Carbohydrate and sucrose esters

Vitamins

Pesticides, carbamates, herhicides

Drugs: caffeine, codeine, methocarbamol, oxyphenbutazone,
phenylbutazene, theophyline, trichothecene mycotoxing

Erythromycin

Prostaglandins

Metal chelates

G C stationary phases

Phosphine oxide enantiomers

S- or P-containing compounds in cigarette smoke, pesticides

Halogenated compounds

Foods: vegetable and hutter oils, cheese, coffee, tobacco,
chamomile

Liquid crystal

Waxes

Insect sex hormone

Terpenes

Phosphine oxide enantiomers

Amino acid enantiomers
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1 Aldicarb CH,SC-CH=NOCUNHCH,
Hy
2  Methomy! g
CH;S'C':ZNO NHCH;
Chy
3 Diflubenzuron F
(zﬁ-g—rqﬁ- - -Orcl
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Fig. 5. Capillary Supercritical Fluid Chromatogram of thermally
Labile Carbamate Pesticides. Conditions: Fused Silica
Column (Methylpolysiloxane Stationary Phase, 15 m x 50 wm 1.d.)
;0= Mobile Phase at 100 °C, Multilinear Density Program.
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HEXABYDROCANNABINOL
TETRAHYDROCANNABINOL
CANNABINOL

3-HYDROXY THC
5-HYDROXY THC
li-HYDROXY THC

iI-NOR-9- CARBOXY THC
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oL
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0 10 20
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Figure 6. Capillary supercritical fluid chromatogram of tetrahydrocannabinol
and six metabolites. Conditions: supercritical CO, at120°C; 15-m x 50-pm
i.d., SE-33 column; density-programmed from (.40 g/mi after a 7-min hold
t0 0.56 g/ml at 0.01 g/ml/min: FID at 280°C.
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UA| gdot G0t LCZA mlFe] AlgE &eistzizh ¢igrsich, SFCo)  efa)
100 °Cel ZUA {FHME AHEsto] doll o3 FHE FolWA Uy
Fhatdjol 2 A1g+ FIDo) o8] == F7ro) she3tich. &AL
ThATO] Q)8 APE H3YT EPET SICY AT aIaeiyHg #MA 4
Y 4 vk EF IF AFAG Po) B AAKl TR AnED
NPD A&7} 8L selective detector AME3lY ¥} 2 A4 Hrol
7bestrh. SFCe GColl with S828718& 71 AYgEe Felol f-840] =y
A&7} B8t steric hindrance F9 #AHA o8, SE=AM3 sl
o2& Age Fzlo ol &8 & Urk. EFY gUELS T FARE 717
=0l & Edolrt., AHEAY U2 ki) tetrahydrocannabianol 3
A g Z2olE Y E Fig 60 VIERHJTHI). o] opRS F1oa g
¥ capillary 6C2 #e]5te W0l Ywrao)lert capillary SFCol ¢4
A3 A ok MR £48 4 o)

3=2d SFC=] F2)3+33 Restrictor

1. Capillary column SFC#2} packed column SFC

Capillary SFC+ 7FAZEubE 2o (60)& & o] LAY Pygos ¥ 4
oo £3) HAHY WES A F8% YHoRA S FelELol Wi
AL&%teh. Packed column2  capillary colummoll w8 2]k el 2l
*UHFst (pressure drop) 7t Hch.  ZEv " Zol, WA, Aol
YAZINE H@s) sy aEFeie A
AaEREs Ll F8 O AnE o

ez SFeellA '3zl ®elwty oz ARg7bgsich. 8 capillary

o FEig 2 viaA @ ¥

k32
=l Nits )E ZA ¥ 0
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colume A2 Fq)Lek (loading  capacity)s} 2oy ubE w e
ABYA( detection limit ) 59 wEE 7INn oy ZAA fan]
=HE& W7 A8 Jlst= @A (methanol acetonitrile) & < 3k
packed columnol wieh r}{10]. Table 3o of&7iz] AR SFC Fulan e
8 VERRQCHIL. Packed colume ¥4 7]E9) HPLCL ZY(4.06
1.d.)3} narrow bore column (— 1 mmi.d.) 22132 microcolamn (<0.5
4R ERY £ o0, ER oz Adsiyzs: AL pasked
fused-silica EMELBL 7¥A 2ZMPY Fepe F7h) 8 )l 3
JHE 7IAB2 0Pl vl Felafol T wapw a2l el v
MEFY ol & S AT ekl =AM PRy 237 Tl
A FRAolA A& vasy o 2o,

Efficiency and Speed : Table 3o 3 um U7 2289 10 emx 4.6 mn
FAPEeEHA 10 n x 0.05 m RADE  Fagy O] Fh=(N) 2}
HFEAHt. ) 323 Y O1F BE(N/te ) S e} o] S hy
(reduced plate vs. reduced velocity) Aol 2|2 T EEE b

SEFE A2 gEOILHS]. SUYERIVY AP AH P AEE 1)
b = 20151 ¥% 3010 RAIFelRe] FoE h T 0.85V2 59 g2 A7k wl] o
TAY F2AHY o] ETEE N=I/hdpol 98] 16,66601 7 Mo no--
N=L/hde ol ©}#) 250,00091 gr& 7}zic), o) PES wls) Buf, 275 5,
T EATE O] v Qe RFR1EEE M Belajzie] wl2uag sivig
sample s A1%3] Pelshed] AP AL G 4 Atk WW Dy AL
AT weldol vlsl o & PeAfol ol A% &, 209 And i

Telol HEHE & +

l

Pressure drop : Table 3ol =133} (pressure drop, aP) gFE vIERRelinl,

ulsw
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]

BN E2l3Y A9 dYAse A RAY & Qo Ay
67 atme] 2 gh& 7Pk SFCOlM A B0 M FEH(t. ) o gkl
Ao Holmg gesigio] Y ojRE oolely BFUmel AHE
Bollch. =Y HYWoIA 2 fA WErh WA Aoxing Ao
ST L T2 Ha Felkol 2] @S o Ch.

Selectivity : HPLCE o}¥4rel Zfel 2AMES WAL 312 4e
ABAA A5 Feloll Qo] MuAE ¥ $ Q= vE SFCE G0t o)
FTE IZSE HRAA JYUAE HBND £ Yrd.  cing Heso)
RYAE I AFHEeIE sEo HPLCO) wis) $A7b Q= SFCe) 2
HPLCol M= AHEE 4+ ele ZA#Y 22188 AgstE & 089N o
BRA #BE2 oy ¢9HE 2g¥ 5 JE gldol rl. ¥ e
TEEEE Mve 218 2YY A
ABEREE Fe)sled £ HYAE /B2 0 UEdE SE88E A
ATt 2 ol& Schwartz&2 7FER1$9 paraffinsd olefin Z1]3! aromal i

L

2] 2]

.

-c

b
~d

K

o?;
filo
r{N

F ZFEFEHY  (group-type) 2|

compound & SFe 2UA FAE o)FAo T 3}l T8k av)[11], Rawdoni:y

AgE AH&AIT (impregnated) silica® AP om 3 plefine] 1)

ARNEE BBAIZCHI2).  E1 Christensen(13)s} Camphell S[14) 8 amino
T EE AHEsto] PAH EYES WRE B0 Sl uli} =] B3 v
Retention Control and Choice of Fluid : €0, ZQA Q= She]

OlFFoRAM o7z AHE MR Yz HLo] mik TIHol o

=AE B AN E olEAL) IHES = sk7l 8] methanol ol
acetonitrile & WA (modifier) & 4% HUpgcH15, 161, o A
Y dyol RMBY  Feldol vis) WA Aol npE muigl =rH 7).

HET MBS & 27 A8 F230)

gl

ML N0z vFNHs 8 AREFh.
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@0l Ml xenon® O)FHOE AL BeE 8A9 Aumme mo
TAEEI @I} packed microcolumn & A}R-shi= 0] Relsrk, ¥w Ny,
C1THLE AMEBE A maEapo IOt fused silica =)o)
EM4E #22 PRP-1  (Hamilton Co.)et 22 ¥at ugxyos= 2723

B2 BE AHshe Zio] fesich,

2. Restrictor

EAA EMIEZEN)(SFC) oM e B UHE ALY o)ao i
FAAZIT Eel8 ARE ABI)o T A Yoz we)y-
restriction  F27t wWas, restrictore  ZAPWe o
ZUAZNZ 8471 BYR Aa) AolollA - AIRE  m=YAlv
ADEHOIA AVE Wrl. Y waEe D SECAME HEHQ ghgdol  opa
A9 HE restrictor& o)gsto] Hawn DY RH5E 21470}k, Restrictor?)
SECAIA E2lol vln e ool i Fasima omg Aot oo o)
PRl EeEo) iy A7) »a st

°144Q restrictord z7AL FUstu WA gl FAE #2290
Yol glolok #in g&e YA xuY - A7 @A nwg 4 9
TR Pk W gHow BQkAY HYPEo GEAG B A5
HARO] Z2AA FANN A2 A8ste HENE A8 Agy 4
R FZE sHHoE Bk, IHo] = gyt ATAE2] Al JER restricior
ol AHEe] Har] pzo spikingE doz|= Aol wmy
ARCHISL. o) WS YA SapopA N es AEHRI Qo)
el oY AYL  AMdse 2y SAow19], T wae

restrictorel A AW gojrp= FEol 343 ®msg - ERE I

-
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Zojrt,  SFColA Alge  EEE olFAY UHE HIAH 2SI
o] F e HBHEE restrictore] F2E HVIAH ZHHEER, restrictors:
ez AR fFEE W CHEIEF A =HojoR il R L9l
2 & UEE Z1AA" ZE7E #ob st extra-column zone broadening
effect 7} 2= 5§ Iitshop ek, A F7HA] A chA7EA] F7# 2 restrictor?)
AMEE D Qleny I Fxy Fig.7s) Zti(20,21).  Linear restrictors #
2ol(2~10 cm)E 7FH WZB 510 um HE9Y capillary FEE AHE3laL
Rem o] R DEAFOIALL FHo) F AEE TR FF Buldl Azl
AAWFo] dohvtng old  WAE FoZ] AT oFHY &L E
F¥oFojofp e}, Drawn(tapered) restrictory=  linear®oll W]y
AHAs7H AR F2 WA dotEF HAHEeRE HE7C
spiking& #olc E#4E Zerh W I FERE ARE U7 gRES Wt
PRI B2 AEolME JIAA FEI oFste) A FMAE ZHo] Urh

478 SFC& ©1-8%r cixtd B2y

1. Multidimensional chromatography

S NPEE FEle7) AsA AF7A WE Aol AMEEHI o,

dyEel wwlel Y Mel AFE A At AEEE A9

elst7lel olerk. Wisest 219 Fae<(22) PAIR) E21&  SIsiA
fractionation® S Al ooy, Davies®t 19 FBES23] o Wy
retention gap technique[24] & AF&% on-line LC/GC €2 o7 WM AT
WRtH oz CRARYNEAHS Eolvl 2 oAk F¥EH o) dAe e
AT Aeg g8 gAY EelfF S MAEE 2 GHEAM IEelEe i

_22k‘



Fig, 7. Current SFC Restrictors at Detector Inlets: (A)Metal,
Crimped; (B)Fused Silica ,Long, 5-10 um I.D.; (C)Fused
Silica, Tapered, Drawn in Flame; (D)Fused Silica, Melted

and Opened by Abrasion; (E)Ceramic Frit in Fused Silica.
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IO EBAYP NAF Qe EHEL PelF P, FRY 4 e ww
SE2M FE3TH LOYHE &We FFu 248 Z2ln IFALE WHA
CHET AR i T MYHE 9E 4 Jeng, (09 AT IO/
VYL HEAY AEE MYRor B e 423 wo)c.

ZUARA 2RO E TAMY 2ol e E o] &3t B3
718 Fol Eoye S ¥AH(b.p.) Y Oii PREE Felske S
THEUTH)., =¥ SFEE 60vt SFCS @AY SFE/GC, SFE/SFC why v
Ol&H L UTH26, 27]. SFEY & AHE3E ZYASA 7} A9 b4 Y&
ZIANEE THMEoz RoltA ARG & Yoo, ¥ $UASLE Ay
AT 71AE FEH wE AL oITANE E& 4 U 2B 2aFHi-
AZE 84 4 Atk EY 2AARMY SNZBEE WEst Mgl ulel
TIBIER FBUHE QWRAA, B E Aol AYY LRPEE Heig
T UTh BT (02 & N209F e 2YA SAE AYoA spAAo
SAHHER ABEE FEY F SO Eeld uEd Lolstd Lot
on-linee.2 dFshe ciag  FHYE FTHY 4 ok, ¥ SFColA
OITHLE ALE3E ZYARNE 22 ENE A LD F SFE/SICAME £
zjoj=e] dYE HE 4 Uch

'1

rir

2. LC/GC chat Ay

HPLCE 609t dAdshe LO/GC Py L0 B84 53D ARg Myzrown
eI e 8 wygolth. b L0/6CES Table 4ol LIER wlg} 7o)
2SN FE THE 7D ATH28I. 2 AW KRN (CE wi-
=AY A1EY Fof HEY & Qoo $IEANF 1520 13o] ¥t
dolth. MR o) ol AMQL Lo 1AM (0Yg Ayslag s
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Table 4. Typical Applications of LC/GC.

Sample

Analyzed Analytes

Sorghum Atrazine

Butter Pesticides

Coal tars PAC  PCB

Petroleum fuels PAC  Chemical classes

Urine Diethylstibestrol,
Heroin metabolites

Toothpaste Dyestuff

Raspberry sauce Raspberry ketone

Olive oil Wax esters

Hops Pesticides

Aqueous samples PCB  Pesticides

Fish extracts PCB

Diesel particulate PAC

extracts

Plasma Broxaterol

Triglycerides Plasticizers

Shale oil, Chemical classes

Ignite tars

Bacteria Triglyceride esterfication products
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ZIAg o2 QE#HoolA st o Ho] Yok, F, Lol Fel¥o] vhei-
ujo]=9] Rzmzp Zotop B S HIHMG  w]FHY EE  Apgali
B &l (normal-phase LC)S B2+ FaoA BNE A=Y oAy
sHshl, 49 Ho0 &g AME38be= 94 LC (reversed-phase LC)Q 4 $-1-
A EolA EUHE AAHZ) 7 i olgdeh. Table 5ol LC/GColAM A TA ¢!
FZEE ¥ Yay 08ue 2AE Vel

3. SECell &% cixtl ¥4y

YA X9 UY olyold BAL M9 AMY F73Q AL MA)
ZUA FAZ S, HPLCSF SFC 1213l 602l T3] 2ol o) F 4o
ol FAE AHE3HEZI @@ Ark. @ ZRuviEomyold A8y 4
Ve O1ERE A3 FAP Eud HAEL Uxe fa9 iy
a2l FEorh. Table 60) olFAte EelA Aol ubE Eelx s o
HAE VERiRos 2AAGHE AL N Be)xd HAEY F3o
M FHE ML AEE @ £ Atk ZYA S ZEobs ey
(SEC)elM & 4 v TaT SHY shis 2YASANY UEE HA)
Eohel FE(solvent strength)& WAZ £ ik Holrh,  SFLE  uo
YAZEE Ze fA9 U= HIAANFPe2H 7]FE] GOk [ColA) Felst)
AHPY wifUHoln dHos B AgEL FolsEd H89
grjojct

ol¥A AmutEIML| olFHoBM Heitx] AHE P 2AA H2

i

A SHEE 2YARA FEYSE)NME §E51A ol LETH29).  SFEL
719 Soxhlet FAE o83t AI8E HAH2Istt] 23yo] uvls] 2o

£RHE A% WA BYS gow, FEYYL WRAA L
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(solvent strength)& BHAZIAL oighd 22 FEELAE H7PSILEY,
A %o] B0l UE Wihe ARE HUHOR &Y 4 vk T STV
GC, SFC ¥HED thY BEHAAHEE FAW ofei7bz] sldE 7hr5l
Qom, & BJLE(M0°C50°C)E ApEstnr BAARETE W=
AE ¥ 4 k. On-line SFE/GCH S A7 A foll A3tz /7] Alfs+
EAtE e S PO NEY FEYoRET WYol A AYD
A oo B2 USR] AT 88 ¢ Yk EBP Tl FHALO)
yago Age 47 odf 3, interface valved AHEstd i
ZHE B} FHg sy, 8 SFE/SFCH S AR &3 2ol 2JAFAE
ol gBng A A% EEste IEANFY wRUE EHoRt
BOAY H71EE Relsted $8% Felggolry. B OSFEYUS WY
Aol A 71 AR 2YA (02 & FEHOE AR Sriet §HE 1Y)
el 4 U olAolUrh

Z2EaNogRe SAL Friske By Fig.8qdl ehd upebge]l /b s
HHA 7 E Y (A), REF ¥ $HB) 2 FAEYE A8 wlel
AEE 2% F €24 el Fste wAC) §F Svh Y
FHyol o] &=+ SFEY S dynamic extraction®sh static extraction®ol
9ity.  Dynamic extraction YA HFHE dA A7 FQF (k10 - I
B 5887 $oz FHFA FEFHO ST FARFE SHE FElE0
2a|gol sty wygoly 1 olE Fig.9e] viehiick. FEEC] v)os

A+ cryofocusing restrictor ZolA Ates WA= HA Eao] Fulw il

pelges BE/SEA SEE  wAZW A3l Bede  HYM

2erEck. 8 static extractiony® ZYA FAE FF &

1
oo
™,
2
N
)
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(A)

gLl L

b Y

Fig. 8. Schematic Diagram of Typical SFE Systems.Separation of
Solutes from the Fluid by Pressure Change(A),by Temperature
Change (B),and by adsorbent Column (C). Left: Extraction

Stage, Right: Separation Stage.
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YY AL Y F 2HAY YHE switching valves sample loop& £
Telgel] $YsteE WwPolrkFig.10). IgalA Ky uikzol six  port
switching valve 278%} sample loop, & &7 I1elxz o] viepuba)s-
AT back-pressure regulator® TFAHE O Tl AgHAleN Al CO. {0

FHE7] £08 FeSHE back-pressure regulatoro] os) Qtelo] Av))

At Pressure gauge® 2ol Wil $EUYo] ¥ Su) BokPo] wLE
st FE87] R0l €Y HHE ¥ F AFAL 2E&PcL FP
FEHASW  (4To] FBYE sample  loopol M D oA Fulitol
FUNEF 3= o)ek.  SFE/SFC 2ol SFE/SFC/SFC, SFC/SFC 591 2917
FHE o] &% thatl Aol Jhesind, oyl EAyol JigsEE Wb
YHoEE Eeishr] osyd SV ARE veisied /8% wygoes
ZAAFHA A7) FHE 0l $ denz V)EY (Y G0 EE b

Tt EMYPo R Fejsty] ool AaEd aaHez A4 4 glol

cl

NS54E A\ RO

T d7olA AAE 2AA ZRotEIY] AAYE ZdA S e
e, olF 9str] AP g YEAEFY, Aasd 2, el
el SZRFEAR],  restrictor, AHEY, ABN HE
T8EAvE. SFC HE 4y 4 Wxizawge) 9% gEZe #ed
AEEAT ARFAFRZA switching valve® Q) A A F 298 injeclor s
AFEBtFct, EriEe g A (18 Fo13E AMEdtg ou) #2239 injectore]
AA L fused-silica capillary glass tube & A}E8lQit}.  Eajzd o

ZUA (0> HeAE A3tz QAT A4S 2571 AT restrictory open
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tube® 2] fused-silica capillary glass tube (15 wum i.d)E ApE3}ir),
A F2E AN capillaryd] W3 2 Po] B3ol ulE flow rate§ &% 6l
restrictorel & F3E sty FID detectorel jet 3} restrictor
€ 29 ARlE ¥EBAA AAoR A ¥AEEE flowe] 87t Fib
HE7l M2 ¥E Aok SFC 282 A2o] f8F  Apejoly!
TEZE HEE BEFol ov SFColM de] A8ET Qe FID A&7
AAE B F ARFA k. =T A5 #AR] gHozA o EE I 9
solvent extraction®} W) HAY A o bl g ABHNSH,
Az £, A AMe)rkE ANAI8t7] sl on-line SFE/SFC chabQ 2940 2] 45
dA 8] A 2}seict,

1. SFC &9 513

ZPAFA ZREINEES Ao FelUES WHAA  AH9
HEEE 2HY 5 rke HolM dx zZzoggzoo (0 & 7))
AgntEIeRe] (60) Yol ws fA¥ol & Bl Arh.  ZYA K¢
84, A2 £TJAAE ©RAF7] ANM 46 ABE 2y AP
syringe HELE AT GHE KAAFEAM 2LARHY FEHE QAo
FAIA171E restrictor, 2% & s 2AY 5 Ae P

']

oi[*
A
o
o
=

AMAZRINA60) EHE S BHLEE WAL BARelN
2EAE WUAA A8 WEES 2 A =RobETTelE N ol o)
24 X 7 HYY TEYEL WA AR GRES zADE eh)
ZAAGH ABoIEINNES A9 WHEel ALY RE  Pulolx:

l.

WA 5 Urh &, ZA Fel@olu Z3APEILE LR Ay 4

Ros 2R TFAE WY S UL olEA) TF Y 19 2y
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EQAAYE 2§ @IS HEE BF AHEY 4 dok. 2Rkt ohvjel
ZUAA A9 92 € EBAFA 4YE d3TE HEE A4 S
ZEE ZEE 5 Arh. Aol @AY foje] x4, &, ¥, Wi
HHog WAANALE AT FANE @A WA AR opirE
ZABLEM [HY FrIRPE AFE 5 AUtk

2AA M ZRaRINE|(SFCO) WA WS WY ©RE FE LI
22 g9 FelE HsiMe F4AFARE B dFsHA e
&2 X715 isobaric WHHETE, dEoht WRE WA g™/ ¥
zaadgyo] del o] &=i ok, =R 2PA FAHEY Y} wWicol npt
AEe SHEE MY # YR 2EE TN s PR 48
Hedel An del ol&HZ Ytk WikE AR oFGHA A

F@A Joni(d] GHE 2YA FAIEMEINI(SFC) HAE AW
214 RuVEH™O sk g fA 2FEo] Ahesteh ulebd ofFgel iRt
P-V-T dlolelE 43 Yo HHREE o8stol U} Y d HT ddxlol
P& VIAFIEEM UEE FHE 2HY o Jrh olgio] s
gradient 8 Y=o 2 BAS=A Brl R 24 FAshe 2] A8 HEG
AHA 7)1 710l e},

213 2rEgslel A7 A4F FeidAd dHE dist Aae 9y
ChEat Bk, YEZE 32 7k A S ol 3712 (PV/RT=1) ol 28l ek
gy AYRY £ 9ok, d71M Ve molar volureols), 7h2e] F-2pk M) &
< molar densityE mass density(f) & HIE 4 rk & mass densily, .
= Mol vt iEEY RYASANE & UEE RRIRE ol e
2o 2k 2kl kvl 12150 FAel ulel 2253 9l compressibilily

factor & 718t ol 7MW A& RJAFAZA] Ao 243 fF



HAM L PV/RT=1 o5 7o} compressibility factorolty, w3 Pitzeris 79
AR oF AAEF Bl IR/Y ¥ shie Bz galslol
acentric factor(w)eiil 3t9ich. o] ¢z} wiE B9 Iy} mekol ulup vhe
#E I 2 e B AALEY 0 I By L5 QAT
AL V1YY vl Y g AU DR YEY L% byl 4
acentric factor& &9 compresibility factor 2& 784 Y VE AR Y
ALBZ(V = ZRT/P), mass densityE {2l ExpgomBey 28 g}
(0=1/V). ulebA FAPHLE) pressure transducer & E8) UdHEE ERslo} 1
& WER BABlT WEE HIMATIEY WAy e #HuS i
SZENAE I ALY F I 0T HIE AFTAA ML WL
F21 2171710 MRAg 5 e

2. SECEA19) MHA) 0 A3

ZUARA ARUEINRD = 2YARH FTFE HYD, o] sty ¥
HISt @I AEEY, AEFYRN, FuH, el 2% 23833, 427,
A&7 AZHE] FA2AH PYEOl YrhFig.ll)., ARYASHNZHE THke)
N2} ®HIFFA(Scott Specialty Gas Co., USA, SFC grade) & AM&3lul.
HERANEAN E¥Fols &7 FINE  Argslnz,  A¥o A8
BR7EAE 99.999 7 olAtel X E JixE MBS Musigirt,  SE arade
BAHRL7L U—ILE HA) Qa7ta7) A SolstA vigd 4 9w s
el dip tube® WRAIZ 2w A §HIFA 919 head pressuret 150
PSiZ  RAIEA 817 fish WEFE/rATF $AEQCE AYyel S gty
AT Gt JIMAINE SRS W] AHZBARAE F30] L5
Wi A3 1/8 1A S.S5.8& AHgstel dAsEon Moy Wy 2
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Fig. 11. A Schematic Diagram of Supercritical Fluid Chromatography System.
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AT Y28 EeBE AASHY] A in-line filterE& F7tol AR z}sich,
URIH 0 gas ARC|e] AFEE = pressure regulatoris ¥ 3F7FA7E pressore
regulator WiolAd WHEE UHAR Qo ZINEZE AEY £ gleh, SKC
HWIEEM FAYHE (syringe pump) & 73t} (1SCO Co., USA, Model 1500
ALEEIRTE, FABEZE del AEHED AE vAEY giEehe Wl ¥

Yo

il

A9 @i, ot ¢ fF&HeFE (0.2 pL~600 wl) SAE F
UNoEE SFC Fe]o 2 A packed microbore column ©]i} capillary colmmm <
AREAl A, & HBANME S0 mL 8% FAYE HEZE AEsiguh
HEEe FAE HEL SAREY QU ol o)lFAE 13 FYste] A8
F P Aol W FHo] Qort & Fulo] Y& Jiste] g 2F s
UEE HIA712E AP Po) golale whagol glch

SEColiA 7k gol AMEEII Qle olFANE (0= olu APl
ZIMgElol g Hae §UE (0= 8 AM$7l HAMA TR ggo]l ALy
ek 7R WYL cooling jacket& HEARIT F9lo] A2iske] o)
ALY EE FE D922 Hiol MY (02 7t AH FehE  KAlslny
B ol o] Wyl & AMEs AR 9095 17 MEAA Hel o)
ARYY ke EF 10-20°CE R/AAASch S84 99 (0.
A A7t head pressure® 1500 psig2 S21241A 7] Yo KTl 51919
YE 7IAE Mo Wyoly o)PASE (0. 9 head pressure Kl
ol 39 A& A grh o] WgE Agstd gwEALic|el 90100 7
MAA & Jek. 2AF7H2] BES (02 o A9 28 =2 @ Aog ok 4
Aart, AES head pressured) ohE EY (0s o thE Go)nol 5 o1y
Zfoll gt oly-g AMEY F9 4ol WEO ol Tl Fapstel Ayl

FE ol 8E Fr 2R gz AnH32).
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E AYoNAH FA4Y SIC HEol AN §AAE 2R o 12T uie
YHE 0 psi oIBR U@ F wrAIIA 27)o) W) HEFY YEE oo
Aol Q&A% WEE 10,000 psiZhz] AHE FY 4= 9
HAE O] ot SFCEMoME 23 6,000 psi o] Abol 4] = AHEEHR] edgkt,
ol IYUSE UFE K9 §%0] A AA FID EEol AAA =i Spe
BEFEANA leak7t 2 217t =27) WhFolck. IS0 HIZY Hyqly e
BHRET 27 ojuigen, 9o MEKE 17 oA LFERRRCE SFCH] e
UH W AEE AT ulet Yo E YA WA 7] ) HIEHEHE
AHEBIR e, WX AEgYE IBM PCol AAE  data aquisition hoar 9}
controller interface box® T4 Yrt. F& 2A7 L2 SFCo)A] AF-g-tx] %
WOng SFC PEE FHNM A=), ZUAFM solvating poweri-
A WEel alel A WsEL A7e] wlel WEWHIE Abspgn
WEEHY 7150l FHHLE T3 geiwigo] wa ZEy
EUHOL QQort g AT} wolygriolns  Jumnie oae solvating
powerzre]  2AHol o oAl WEZEoMw A%e  SFColA o

} 15* n.

N

AHEBIGANE §XE AEEHE WZo AgE A HUEIsHE Al Qe o)}
WEFY uelolel g BAste] P oo glow AN ZI A} 3L 7))
drh. HEAEERE A1Eeto] T tioiyA) gH e A7k Uk 9 32,
HE ZRIagA] 959 AZlel] o Wil oo ausy AMEE 2
FAHC) (Fig.12),

SFCS) A&+ 0.5 ol internal loop& = switching valve (Valen

Co., USA) & AM&3tithFig.13). o] polyimide AMEH Y rotor2 Eo) 9)o| A

1

Aol Ae 4 ey, Injectors syringe pmplel ¢ ZELS 1/16 inch

5.5.¥8 AMESIRon] oA wAg o] Ezo njectorel 71zl ¢rviw
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Fig. 13. A Schematic Diagram of SFC Injection Devices.
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Atolell in-line filter& Aasiaick, 0.5 vl A8 2L 1 mn wicrobore
el APsht RAFHE A4S AoleE uR W ool Az
FUHE 7Moo o1& split¥ 4 & splitter® MA)sior et Splitter
(Fig.13) = micrometering valve®} restricter®@A] TFA8}%c). o] wj
restrictor®] 7Zh-tigt FRPo® ERIMAIE #Aibo]l WWA  freezingo)
LYABEE o] § U2 57 HAHA heatorE Fasyol yrt,

SECEeld o2 A o] obF ZL(1 mm) microbore packed column (2o
25 cm, S.S.  tube)F AMEEUTE, £  AMYAME linear aliphatic
hydrocarbono] THYOE =o Ue (18 L& SIC HEhAlel F=
A+-&-8tqtt.  Microbore packed column< R AM|¥Fe](capillary column)oll ulsy
TEIHEEO] weort @ ¢ AHE FUL F Yo Kol HS AERA
AMEE THY = U& BY ohiel AgFYol uvaA OY AAE Q)
Injectorst F219] AHL wgol otF AL fused silica capillary
tube(WE 50 um, 27 300 pm)E AHE Fo2A SYH ARY &) oY
extra column band broadening& ”o712] Q=& skt Silica capillary
tube® S.S. E2IFF  injectorel AHsYl  HAMM  polymer A Q)
microferrule (Upchurch Co., USA)o] A}2=Qict.

AHue AEE dARdEHoNer fAAYT Felg AR "l
TEE7] AN Ao el restriction A7 @asicl, o)AH
restrictore] Z27& st Y271 gl RHANE 82147150 uhol
BloloF st F&E Al 2F/MEsAL A aBEEERA §%5240)
Thedior gtk ER gaoz  HolmE g Eolul wHwEe Ano)
dES Aol o] XYARMAA JtA ez wBaie 72712 947

Agd = Ae FRE Mok 81y, A1AH A7 23 extra-colum zone
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broadening effect7} 2= & MdAFojoF T, £ ABNA = doj7t 30"}
otF  Z}l-tlgt fused-silica capillary tube (W 15 wm, 212 300 om) &
restrictor 24 AFE®FATE  Restrictoret Fe]3#9 @42 mcroferrule 224
dgspck. HALE A capillary® WE 3 go) wsjol uwhE  flow
rate& &3] restrictord A 7HE AP sHY 2w FID detectorsl jel
€3 restrictor E9 A2l g B dead volumed] H3E 243} s
ZAARAE restrictor oM deteg  PAEO  #®AHEE flwg
BAFE T FID HE7)0] vl QT Aasigdch. FID ¥y ohuel

(4

SEC/MSOll A X restrictory YEHo}ARA i £8% 7% g stz
T27F F2lsdl M2 d¥ol =ci(33). ulebd ge g SFC/MSe glEimlo] 2
W& A restrictor®]  Fxol iy AFE FH HERAN U
restrictor 7§l cigt AFE WY ol HPolcl.

SFCoN A #£e]#8 £5F ZUALE oJHeE HAI8F &%) njul
MBS HEFZE 27 HHAM ExHEo] JtEF ovenol Hasitl
LB AHolM Ee|2x7t oW RS gilo] WA & FulsE
LFERUB FAlol "R} stobd M #elge] SUgkeh. SFC AlAHY o]
BB A1EE 98N Hewlett-Packard 58908 GC(USA) S} o £& 218319l onf,
SECE 22 w2 AAste 2x2d ¥5d EeFo) k. Azw oo
TZ2E Fig. 149 Zonl ol ZEe W, 3lE, SEAM, dd" SEFA,
LEHLE FAES k. e FFEHs ARFITHE  AEson

M EEEE S AEEE 98 9dY & AEF BEYS Hel gy

(e
rlr

F‘

Mg A2sleds, REl & pearing® FBLH7F T2oM FY £ QRS 2F

A2 SETH e rpm, 1350 rpm). W2 Al FHlE =71 She] ulgto] 422

YRoz BA YoRA NI ¥ AFHOR BUHA AUl slE:
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Fig. 14. A Schematic Diagram of SFC Oven.
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1800 W 9] g@Hg Agstgon, SEAIME Pt-100 AAE g W
goll = 7ol 1B Fo] ¥ wiyuie] ¥E HAToRA IE
@o] A o8 YUOE WYHA @i HAAN oF YU2E Ho & F T
2F JedE UR HEE WoE4A o8 WY SEEPEI Er AEHOR
FUBA FAHA Pl 2P WA S5, BE ARESUS A
TojA AYSE UE AP (ceramic wool, BFYHE) & AHE BTl e
AN E RE 9 5Ee AW FFsHE main power supplyst & FHFE
FAEGc. T R2ERE o8, TFID, splitter, restrictor®] 3IelE =%
&7] AMA IS RExXAARE F2AAHCH

SFCAIA®E Y42 % Algele HP (0 X o3y &7 (FID)+
A2-sigict, FIDS g4 AHEE:E s49% F719 FF2 AR 60 T2l
ApgetE 24D A AASSRACH$4 30 nb/min, 371 300 ml/min). FI0E
A ¥ integrator (Spectra-physics Co. USA, Model 4290) 2} chromatographic
workstation (Waters Co., USA, Baseline 810)& A}&3te Helstgich

AlgolA] AA AAFQ FID (Fig.15) ) HAT flame jet, ignitor, calhod,

Ll

heater, sensor, H- & air inlete®  FA=ol Yz FID A1F5-
elctrometer 24 amplify ¥+ F integratoroll A xel&kAl AAIBIch  slE 9l
CEAAE LEEM Z2AH 2xzd FAE A e AATE &
Hztgoll Qdrt.

3. 8% 487
SFCHEZY ME5Brter Algel 4z, Fuld, restrictors] REE7H:
HPSB90A GCE AMgsted Sasigich. olFR 7= Al Axie HEs

Bl on SFCo B, FIDHEY, HIPEEF, 2AARN &7 A%
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SEHYE MR 2P SFC Aage] HAEQ HEyHIE e 2ol
FEEO) B HRY AYolck, AR AFE SFC AR HEE I 60
A8kl o3 U AlE € 7R n-alkane € EWSME standard mixlure
Alggz 3o 0.5 ul & $YF gHZ Pl g8 A TEgiu).
CIEZHE o7l IARMEINE I ARFANS APP, F4A17, peak?]
tailing, noise AXx F& FAE%ch A AzY S ePg
CE2RY7El WY B3 HEBE AYFolw =Y FIDY MAE
gastRon Aol Y AEYA 9 ALNSTHHE FIHE AYolt,

4. SFE M7 = A=}

SFE/SFC  #£AMAA2dE€ 4571 oM dynamic  SFE  systemo] 217
AAE A CHF1g.16, 17). Fig. 169 <3l g I8 valve® Zzbsto] SF(ol
ABE EU3e WHoz 39 valves) extraction cell, <=8 S§=x1s}v
# restriction 3], accumulator2 F=o] Utk Valved Z2Hstad (0. .
F extration cell® YHADNEY T2z 23"ol o oaE
accumulatoro] 2R AEE {72 (02 & vent lined E3)
HYTh olgA dF ALFL ARE FAN F, valveE 2%810] 297
€02 7+ 23 accumulator& F34stA 3 F 2B w FEA MARYCH
Fig.17< A9l A¥E& AHF8sHY) Al 4AT SFE x84 3709 switching

valve® A-g3te] AE87} 7hs st S AL

N6-=" A3 B S132F

ol A Aol AT FUINEE TEMToR ¥, BNT 4
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U SFCEN Al2WE& /MEdty] Asto, 4 Azkg SIC Alagel uly
pump ok, restrictor, ovend] H¥ & BrlsR oo MM - A2yl HHE
BIHe7] A8 n-alkane & A g E3}e] EEAITFY AAPA, FHATE,  peak
tailing, noise FE T& ¥otEcrh. LI HAZE 2HEH Ay S
ovend] JEE7I7t AYEHT o, FID A&7 A7 SHE0] A Fol
Atk ZpA] A 2RE SFC7F AR AAHQ) 5B g AAY AYolnh, ¢
HENA AHET HZ & 10,000 psi 72 4=HE Y £ UA A=} glort
SFC Mo M 21 6,000 psi ool e AHE3hr] dstch. ol Igte
25 A9 K501 GAs] AA FID EFol AXH =3 SFC S B#oja
leak7} Bd #217F U7 W&ok, & AHEAAM A4S @WZol wy e
BHEE 27 ol violnl d¥e AHEHE 1L ojfolrt,

Ao HYY restrictorel 742 Asl7] 448 W7ol 15 um 9+ 40 ume!
fused silica capillary tube®& A}8slo] eddtol] uld flow rateo WM E
F3sdrt. Table 790 WE 40 um restrictor B AMEERE AL flow
rateE& vFERARICE 1300 psi olitelM = olFAY AR %49 30 mb/ming
gdon 2000 psi o}l A ol FAY f50] HEEHY vl YE KPARE
F33t717F Zekstqitt. Table 8ot Wi 15 umg) restrictor§ A}-§-319 S
BFY FEFZ VERUTE olFAY ol 35004000 psi oA T o) F A

% 30 nl/minol Zt7hE ghE viEbd & @ & duh wiEkA 15 ung
WHE 2 restrictorg  Ag3he 0] W WA gelg WRAA 2512
HEEE 24 7o) fEIsrgct, E=3 30" Zold 15 um restrictorE

S8t} n-alkane mixtureE s & AN WA Qe fANUE
TR e, AR7F vIHYY Yol &Fstar A 23k ulglolvt spiking
ol gdrk. =¥ tailingol @Ol sharpd peakE EEL& 4 9ol
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restrictor24 &% 715& viebd & #gstaich, 9 429 g€ 5000
psi O L2 © ¢ 2YARMY F&0] Hsto] FIDG HAi arFo] B
HPLBZ Fig 183} Zo] FID HE&EZY jet B3 restrictor E7v9 #Au) o
HHAIA dead volumed HA2siR A Aoz FAEHE ZUALHY ot
BVERZLFID F&710) oA e H2 siycl. 5 IHAAME FINE
BRA7MEYE 4 A AANZAL, jetsd restrictor £ 2+70] 1.5 cm o]iu).
Restrictore] Fz7} #elso] o= %’?}‘0 aog geg SFC/MSe)
LejHo] L g AT ol AT77F F T Qlojok el

T HENAN FEHE SEC AN HEPITE AN 6CE A8 oz e, ¥
Alg-& 7YR¥ n-alkane (€6 — C40)9) standard mixtureS Alg @ stod, 0.5
pLE FAF 4 Zzoigdyol o) BAMY A Fig 199 3o
AENEIYE LAk #212AL 90 °ColA carbon dioxide® 291
O]FHLZ 3t 2000 psiolA 4000 psiztA) ¢ =ZEaefysia o],
T2l g2 C18(Spherisorb €18, 250 x 1 mm i.d., 3um) & AFEB}QICE.  Al§ii-
benzens} methylene chloridedl o 22 Eaol 200 pmel =58 25w
SYEE WEo 0.5 ulE FYsAch.  Eel® peaks) B zhzlel
standard ¥ FUst LS AFENNte )F  vlmsid  "lwigiv}
Fig. 199014 #ubido) 1y & (15022 9 97§ 7rHo] Fo} o9 Re|v D
EFOIaL, H] ¥R (32-C40 oAHE MRE 247

ti

QO

1 23 FElAIZke] Yol

FEAZC) Ao SE peakd tailing® AT o]E MMy 9l
YHPHEEE WHAA AALLE A=skdch. 7 A Fig.2) 2o
ARUEINE AAch. FRIRDL Fig.199) 799t goo ok 2000 psi ol 4
5000 psi7hA] YHZEIWYE sto] ¢ A7 WE O 258 =Asky o

L E3 AR EEE g A g 3 sk §0) ANE

~H
1
4
L

¥

POEg 2
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Fig. 18. A Diagram of the FID System and a Representation of
the Gap between the FID Tip and the Restrictor end.
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Fig. 19. SFC Chromatogram of a Mixture of n-Paraffins(C6-C40) on a C18 column,
Conditions: Carbon Dioxide Mobile Phase at 90 °C, Linear Pressure
Gradient was 2000 psi (hold for 12 min), a Pressure Ramp to 3000 psi
in 5 min ,then to 4000 psi in 10 min, with FID.
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Fig. 20. SFC Chromatogram of a Mixture of n-Paraffins($6-C40) on a C18 column.
Conditions: Carbon Dioxide Mobile Phase at 90 °{, Linear Pressure
Gradient was 2000 psi (hold for 12 min), a Pressure Ramp to 5000 psi

in 25 min with FID.
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peak®] tailingg A sich. #FY ®YADE Boln AHozm 510
TEIZE G719 & WnE I PR viEA ¥ di Fig.2ls e
AEMEINE At Fe|RPL ¢ A9 ool 2000 psicliA L)
psi  7hA] 13-3F Z1e)an 3560 psi ol A 5200 psi 7hx) 7837 ez 1y o
st H REY Y WBREKTE A sidrh. oiREATY AEEE
YotR7] i T2 2ANM S ARE 43 3YsT 6712 AlR] AP S
ot & AT MEF A0 RSDE BF 2.7 % A AP PrHTable 91,
2EL AL FelATeR 26%9 n-alkane standard mixture® ¥uojg -
UNL. ol peakE AP 2+ PE 2 peaki= tailingo) glo] £ AN
2k, RPE §ol peakd tailingel ===, wel SuEE (12 o8¢
Hagol & B8 #£M40) o2l ol k. Zal} SFC systemd
GCEHA o2 v¥MWy  APEY Exo] 8P wyolmz gy
tailingo 2 A% #4449 A Axl EAHNN & BAZ =Hx @),
X SFE W& SFCSF s #4498 73 $H peake] Q@yo] ¢l /)
HRE Hubgol U AR FAIEME 7Hssic.

UHZ 2 YA @ego] Folyol uleh baseline? signalo] F7k drift wi-
0] FAFCE  olE gol FolAlA F&ol Fu4ste (0. Fol Boj 9

&% F1BTE A% signal grol 27tshi- Ao s WAL gy S
noisert, drift& fo71x1 ¢tomz BMolE YL Fx| Q. o] }7kol
© dYolAM dat AR SFC AJAawe] Eelg8o] T S HolRg) o]
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NT TR ZE2otE gy AAge) spge] o] dRATRI M 5831
88€ = A& Aok

A

5}{-‘5—0 s

l‘-ﬂ
}14
Mo
ity
e

_59...



Cw Cao
- "
. o
Crr
o
®
4
N Cra
c ;o[ Cel C
O Ciz2 g o o
Q. e =t [ || G
v C - rafy G2s
U) 3 I F |.:!_
- ; ol Ceoa
QL G b n
m o o+ ) p
-t N :
cen s Czo E
Q =i LN
— ! Caz
LL_ Czo '}
I
Conf Mpi
g p i+
) -1 il
P o

0 5 10 15 20 25 30 35

i [ | ! [ | |
Retention time (min)

L?OOO 2q00 3?60 5200
|

Pressure (psi)

Fig. 21. SFC Chromatogram of a Mixture of n-Paraffins(C6-C40) on a C18 column.
Conditions: Carbon Dioxide Mobile Phase at 90 °C, Linear Pressure
Gradient was 2000 psi (hold for 12 min), a Pressurc Ramp te 3560 psi

in 13 win ,then to 5200 psi in 7 min, with FID.

...60._



6y ¢ 0p aURIU0IRI}A]
L8870 Qe aURJUOILTIIRIIQ
6G ¢ Q7 auRS092]9()
05°¢ 22 3URS000(
£9°¢ o1 aUBD3PEXIY
7E'G A | aurIBpO(
(% "asy) IqUnu
Aytrrqronpoxdsy uogIen aydueg

"OlT], UOTIUS}RY BUY JO AYTTIqronpoxdey °g oTqe]

-6t -



A3 A &

SFCE G0 HPLC7} 7R21 519y ©hy g Ha% 4 A A 39 chromatography
THUL2ZA Fefo] HPLOLL 60 o2 BAol olgy L) AEHoHE ¥20] v
B A8 o)gHo] Atk ALY SHEAH o= NLE 0] AFE-w) |
Alasta Rlemg &9 chromatography ol wlef 2ot e ol o
HOITh & ATl nYey 87120 o T2Eo]l S 29
A ARUEINIIEE  wslr) A8 08 ol-&3t] SFC £4 A
THEI ZYA RS g HBlo) e B 8%&E& microbore #2)sho)
M 26 T n-alkane AIRE olf3tel AWePow, 1 AR e wol
AT wE Eelgoz Felrt sy wa ol Alfigol
°]’42q! restrictor € T¢v8l7] 8 linear capillary restrictore] ujz
dol Mo mhE OB 848 BEsi NN g AFsYcl.

A 71 Kol EUR TEAbRe] wNUH Bholt dof Borawn go1us

e

N

A= §-8% SFE/SIC AN E A 2ks)gict, A zto] A = o]

rfo

~

e
.

BSE HAFQ SFC ovenmt, MAZ AAEAFID HAE7)7F @23 ol
SEC &4 22 @ chag 4 AE 2 HESA = ol ape
T8 IEHFoR B FHY 5 9 S M2 e

MDY N&H ol 9Y 4 Y Adlr),

..62._



1.

o

o o0 ~3 o) o
L3 - L]

14,
15,
16,
17,
18.
19.

S S

Mo
o)

C.T, Lira , "Supercritical Fluid Extration and Chrematography”,
Edited by B.A. Charpentier, M.R. Sevenants, American Chemical
Society, pp.1 (1988).

. K.D.  Bartle, "Supercritieal Fluid Chromatography”, Edited by R.M.

Smith, Royal Society of chemistry, pp.1 (1988).

. C.M. White and R.K. Houck, HRC (C, J. of High Resolut,

Chromatogr. Chromatogr. Commun., 9, 417 (1986).

M.L. Lee and K.E. Markides, Science, 235, 1342-1347 (1987).
J.C. Fjeldsted and M.L. Lee, Anal. Chem., 56, 619A-627A (1984).
D. Leyendecker, et. al., J. of Iig. Chromatogr., 10, 1917-1947 (1987).
T.H. Gouw and R.E. Jentoft, J. Chromatogr., 68, 303-323 (1972).

- T.L. Chester, J. of Chromatogr. Sci., 24, 226-229 (19%6).

. D.W. Later, et. al., J. of Chromatogr. Sci., 24, 249-253 (1956).
10,
11.
12.
13.

H.E. Schwartz, LC.GC, 5,14-22(1987).
H.E. Schwarz and R.G. Brownlee, J. Chromatogr., 353, 77 (198G).
T.A. Norris and M.G. Rawdon, Anal. Chem., 56, 1767 (1984).

R.G, Christensen, HRC CG, J. High  Resolut. Chromatogr.
Chromatogr. Commun., 8, 824 (1985).

R.M. Campell and M.L. Lee, Anal. Chem., 53, 2247 (1936).

M. Novotny, et. al., J. Chromatogr., 61, 17 (1971).

D.R. Gere, et. al., Anal. Chem., 54, 736 (1982).

B.W. Wright and R.D. Smith, J. Chromatogr., 355, 367 (1986).
R.D. Smith, et. al., Anal. Chem., 58, 2057-2064 {1986).

E.J. Guthrie and B.E.  Schwartz, J. of Chromatoer.  Sci., 1.
236-241 (1986).

_63...



20

21.

22,
23.
24,
29.
26.
27.
28.
29.
30.
31.
32.

33

T. Greibrokk, et. al., J. of Chromatogr., 394, 429-441 (1987).

C.K. Husten, Jr. and R.A. Bernhard, J. of Chromatogr. Sci., 27,
231-234 (1989).

W.E. May and S.A. Wise, Anal. Chem., 50, 225-232 (1934).

I.L. Davies, et. al., Anal. Chem., 60, 204-209 (1988).

K. 6rob, Jr. and G. Karrer, J. Chromatogr., 334, 129-155 (1985).
J.M. Levy, et. al., J. of Chromatogr. Sci., 27, 341-346 (1989).

B.W. Wright, et, al., Anal. Chem., 59, 38 (1987).

S.B. Hawthorne and D.J. Miller, J. Chromatogr. Sci., 24, 258 (1986).
I.L. Davies, et. al., Anal. Chem., 60, 6832 (1988).

S.B. Hawthorne, et. al., J. of Chromalogr, Sci., 27, 347-354 (1989).
K.S. Pitzer, J. Am. Chem. Soc., 77, 3427 (1955).

K.S. Pitzer, et. al., J. Am. Chem. Soc., 77, 3433 (1955).

N.L. Porter, et. al., HRC CC, J. of High Resolut. Chromatogr.
Cromatogr. Commun., 10, 477-478 (1987).

R.D. Smith, et al., Mass Spectrometry Rev., 6, 445-496 (1987).

_64_



%1,

BIBLIOGRAPHIC DATA SHEET |, dasE i FU34 L)
) ATA 1990, 5.
1 4%/84 1. 2480
297 AgolEetulel] o chLENAAY MY (123 E) 0704
5, A2 L UERFL L
SN, AvE, oFTF, 4% KSRI-90-42-IR
b, ST oj9e 25 §¢ PaEFY) 0. Auug
R FREAT AL 10384
LA e
2, 9348

1 25(22 YRERel FR2H U8 3¢ A7 AU
BlHEY 7188 2EMRF LR D27 IUERAM FHY ¢ AF 2907

FRoEI2|2]E 0] 8 i EXMAAH YL fY ATE ¥
sttt 2YA IEMEIE AL Azbsiglon], Az SFC A A o)
iyt FAMY HE, restrictor, oven 2 HE5E& Hosiwch  #AAAH
AL B5E B A8 n-alkane TRHEE AEZEA vFEE
AIre] WA, F4A13, peak tailing, noise Soll it AYE Szl
o1} restrictor & Zety] ¢sto] ojg UF W Zo] el uiy
olFAE f5E HPst] AP2AL HANYoH, A sjaAHd xyE
AEAG F71EE BN AW 29H F2EFNE ARy

4, 31%E(6~ 1A}
Z2YA Azatzaete], chai FAXAAY, 6IFWY G718, HyEol,

Z2YA F&72], restrictor.

15, 4E7¢ 6. #713 Ir. 9% 74

01

Pifed T



%, 1,

BIBLIOGRAPHIC DATA SHEET 1. BENAT Y, {. PERFORTHG (A, 3. REPORT QATE
Org. Anal. Lab. 1990, 5.
4. TITE/SORTITIE 1. SIRJECT CAFEGORY
Develooment of Multidimensional Rnalvtical System by 0704
Supercritical Fluid Chromatography (1)
5. AUTHOR(S) 8. PERTURIAG ORGARIZATIN REPORT 0,
G.S. Heo, D.H. Kim, K.J. Lee, J.K. Sul KSRI-90-45-1R
b, PERFORATHG ORGARTZATION MV 9. CORTROACT OR GRANT 0,
Korea Standards Research Institute 0. T¥%5 OF 00N
11, SPORSORING ORGARTZATIOH MOST

1. SUFPLERENTARY MOTES

13, MSTRACT

Supercritical chromatography system which can  be used  as
multidimensional analytical system for analysis of non-velatile organic
compounds with high reselution and high sensitivity was designed and
assembled, and tested for its performance. Syringe type SF pump,
restrictor, and oven were tested. n-Alkane mixture was used as test
sample for the performance, and reproducibility  of retention time,
analysis time, peak tailing, and noise of the analysis were evaluated. A
optimum condition for restrictor was determined hy varying the internal

diameter and length of the restrictor.

14, SEERS
supercritical fluid chromatography, multidimensional analytical system,

nenvolatile organic compound, supercritical fluid extractor, restrictor,

15, CLASSEFICATIR 16, SCHEDULE F DECLASSIFICATION 7.4 OF PaGEs 74

01
I3, PRICE

JOREA STAYDARDS RESEARCH MASTITUTE



=

ok

1. 0l 2IME DE7[sHMofM Algst EMoiy

HeArelel el IA R,

. 0l BTN WES WEY uols YA Dz
IGHOIM AYH SHATMEAIe] ot
Aatelg ghsiof aoy.

. FIIRElE VUK R WS O

Moz WHE L& RIS oflgUT.




	초임계 크로마토그라피에 의한 다차원 분석 시스템 개발
	표지
	제 1 장 서론
	제 2 장 SFC 와 다차원분석
	제 1 절 초임계유체의 특성
	제 2 절 SFC 의 응용
	제 3 절 SFC 분리관과 Restrictor
	1. Capillary Column SFC 와 Packed Column SFC
	2. Restrictor

	제 4 절 SFC를 이용한 다차원 분석법
	1. Mutidimensional Chromatograpy
	2. LC/GC 다차원 분석법
	3. SFC에 의한 다차원 분석법

	제 5 절 실험장치 및 방법
	1. SFC 장치의 고찰
	2. SFC 장치의 설계 및 제작
	3. 성능평가
	4. SFC설계 및 고찰

	제 6 절 결과 및 고찰

	제 3 장 결론
	참고문헌

