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Fig. 1 SCF-FIA/CL flow system

B: cylinder for CO, SCF; P: high pressure pump,
S;: 100 pl injector for reagents, So: 20 pl injector for
sample, D: detector; R: recorder. Explanation for
each part is' described in the text. Abbrevia-
tions: SCF (supercritical fluid), FIA (flow injection
analysis), CL (chemiluminescence). Optimal ex-
perimental conditions: 1.0X 1072 M sodium hydrox-
ide/ethanol for S; and samplc/ acetone for S, at flow
rate of 6.0 ml/min; chart speed, 10 cm/min; range
for the LUMI-FLOW detector, 0.1 (high sensitivity
range)
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NonaLac (1X107°M) RUO&BILAY 2 EELDILE
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Fig. 2 CL profile for three kinds of lactone by
batch method

A: B-butyrolactone, B: 7-butyrolactone, C: y-nona-
lactone.” S: sample introduction point. Experi-
mental conditions: 3 ml introductions of a 0.5 M
sodium hydroxide aqueous solution, 99.5% ethanol
and 99.5% lactone(s) in order; chart speed, 40
mm/h; Range for the LUMI-FLOW detector, 0.1
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Fig. 3 Effect of alcohol on CL intensity by batch
method

A: methanol, B: ethanol, C: l-propanol, D: I-
butanol. S: sample (99.5% 7-butyrolactone) intro-
duction point. Experimental conditions: same as
for Fig. 2, except for alcohol
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Fig. 4 CL profile for three kinds of lactone with a
SCF-FIA/CL system

A: B-butyrolactone, B: 7-butyrolactone, C: 7-nona-
lactone. S: sample introduction point. Experi-
mental conditions: a 1X10"?*M sodium hy-
droxide/ethanol solution for S; and 99.5% lactone
sample for Sy concerning the SCF-FIA/CL system;
Chart speed, 18 cm/min; range for the LUMI-
FLOW detector, 0.1

3+22 EENRE 1X107®M y-BuLac ® 7 + b
VIBROBEICRLAE L CLBENESN, 0.1 M 7-
BuLac ®HBE T by 3 DBEED BG-CL £[F U
CL#BECTH->72. 0.1M y-BuLac D7+t b VIBKT 7-
BuLac ® CL DR TE 2L B> HBE»THEL
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BB sfl 5 DRR, B2 I XBREMEICEEIL 28R
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<HELHNEBV. 204, —BRNET AT NVERDBEE
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WMEIPHETETVSEY, ZoBRBERBNKRCE
U, BEREERPTE U2 0WERIZ SO TIERIERE S »
TV, BRERBERBUIIKONESRA R ZER (Hlx
SEREBE2RET HICIEENS CL RIGT 284810
AR EDRE) THHD, H5VTBERKED
BEREH T LB OV T D EELI NS,

Pl b s BERRATIIBERIEHOZN ST L.

3«4 CL7O71)

itk d FIA/CL 73#r > 2 7 4 (A) & SCF-FIA/CL
Y AT L(B) ICk->THEOLNIZTTT 4 IVE Fig. 5
WLz, CL 7u7 4 VORBE U TH - 1245, #
ERWREDIZE r-BuLac D> BSEEECH->TH
CLBEMNHELL. ChIIBERFEROSEERICLY
CLUENKEL Lo iEREEZONS.

3¢5 CL RICOERY

&R % Table 1 ITHX CL BE TR U, EHROK
fE13 7-BuLac @ CL 38 % 100 IZE 12358 O FXHE
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Fig. 5 Comparison of CL profile between a con-
ventional FIA/CL method and the SCF-FIA/CL
method

- A: CL profile by a conventional FIA/CL method,
B: CL profile by the SCF-FIA/CL method, C:
background CL profile for acetone by the SCF-
FIA/CL method. S: sample introduction point.
Experimental conditions: Profile A, acetone carrier
at flow rate of 6.0 ml/min and a 1X107% M sodium
hydroxide/ethanol solution for S; and a 1X1072M
7-butyrolactone/acetone - solution for S,; Profile B,
same as for profile A, except for CO, SCF carrier
and 1X107®M 7-butyrolactone; Profile C (back-
ground CL for acetone), same as for Profile B; chart
speed, 8 cm/min; range for the LUMI-FLOW de-
tector, 0.1
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Fig. 6 Effect of concentration of sodium hydroxide
on CL intensity

Experimental conditions: a sodium hydroxide/etha-
nol solution for S; and a 1X107°M 7-butyro-
lactone/acetone solution for S, at flow rate of 6.0
ml/min; range for the LUMI-FLOW detector, 0.1

3+6 BERERH
KEIEF N T ABED CL BEANDHEEIIONT
DAER% Fig. 6 ITRUZ. 1X1072M KEE(EF bU
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Table 1 Selectivity for the proposed CL reaction

system
Compound Relative CL
(1X1072M) intensity

7-Butyrolactone® (acetone) 100
7-Butyrolactone® (acetone+water)® 1
B-Bu tyrolactonea) (acetone) 330
7-Nonalactone® (acetone) 100
CH;OH 13
C,H;OH 13
Ascorbic acid® 0
CH;COOH® 0
Oleic acid™
CCl,
Formalin

Oxalic acid dimethyl ester
Formic acid 1-butyl ester
N3.20204b)

Na2304b)

CU(N03)2b)

HgClL,"

SnCIQb)

AlC1;?

CoCL»

Pb(NO;),”

FeCl;

ZnSO,Y

Ni(NOs),”

MnCL,”

MgClL,”

CdC1,Y

KSCN®™

K,Cr,0,”

K,Cr,0,?

KMnO,”
None(acetone)
None(acetone+water)?

—

~ .
S UVO O OO0 ODOOODODDODODOOODODOODO0OOX™NLEOD

a): 1X107%M; b): mixed solvent of acetone and
water(9 : 1, v/v). Conditions: same as for Fig. 1

LfLE ) —WIBERPEBRKCL 22 U1, L%, Kkt
FRUYAL/TY ) - VEKROEEIL 1X1072M & L

1z

RICHTRE & CL MEOBHRIC DWW THAN. 1.0~6.0
ml/min £ Tld CL BENHAICKEL 2 5BmMICZH
D, 6.0~9.0ml/min ¥ TIIXWPOERICH B & 55
molz. HE-> THREHREIL 6.0 ml/min & U 72,

Dl EA & Bl ESF 1 Fig. 1 ITRULIZEBVEL

7.

3+7 PIRLFEVEE

BRHTIR, EREE, MRS OXERCEREICOV
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Table 2 Effect of various coexistent substances on the

CL intensity

Compound Relative CL
ro. FREBIEENE SN OT r-Bulac £REHE L (1L0X107* M) intensity
T Fig. 7R U7z, 7-BuLac ORHTRIX 1.0X1071° 7-Butyrolactone® (acetone) 100
M (20l BEAME: S/N=2) T, BEBEOEREE (F T—Butyrolactone:)) (acetone+water)® 1
BHEE) 12 1.0X107°~1.0X107'M TH - f2. X B- ﬁggﬁiﬂﬁégﬁg) g%
BuLac & y-NonaLac D #& Hf TR (20l & A B: Pb(NO,),” 0
S/N=2) RUEBHMIIZNZNUFOEBVTH - &mﬁ 0
7z. B-BuLac: 0.5X107'°M, 0.8X107°~1.0X 1077 M; gZ%ES )P 8
7-NonaLac: 1.0X107'°M, 1.0 X 107°~1.0X 1077 M. an]2b>3 ’ 0
5B, 77 b0 CLEEDOEBIEZVWENE 1.0X107° Na,C,0," 0
M T 1. NazSO,” 0

- . \ _ MgCl," 0
ARERIET 7 P VRES 1L.0X10T'M Dl Eikn s KSCN 0
& CLBEORPPELSD. CoBEBERIARLIZES Ni(NO;),” 0
DTHHN, FRBREERMAICEAT 2ac KlnO/ 0
3, MERROTHS SRIT 610 CHRNE 2 I ) 0
AR (oHrEUE I, SRR T @ 100 FEAFRER 1) U CdCL» 0
THOWAREN S 5. SFEE T & 11 CL H5HE K2cr2?4b) 0
REINHEEHFRE I H 1X107' M BLEDF 2 b ﬁ%ﬁ: 8
YEBATHY, COBBRHHERE 1 ORREE  Kymo 0
1000 UCEOREZEHEST 5. HHEAR I 72312 CL CH,;O0H 100
PRI S W B A I REAR & D BERE 2RO 5. G,H;OH 100
L 1-CsH,0H 100

372 AR DEE R % Table 2 TR UL 1-C,H,OH 100
7z. HAXY CL 31 y-BuLac 73 OHEAD CL BE% Acetic acid® 0
1 EEDIE &, RS EEARBAED CL RED 1- Ascorbic acid® 0
BuLac 125 DBAD 28 kS Do BEI, TBulac ooy o
DHD CLIEEZ 100 & LTS & AEAED CL Formalin 100
BMEA 280 ELTRULE. 585, 01 CL 549<ES Oxalic acid dimethyl ester 101
NN E ERTYE. CL RISORIE S B 88 & Formic acid 1-butyl ester 100

a): 1.0X1077 M; b): mixed solvent of acetone and
water (9: 1, v/v). Conditions: same as for Fig. 1,
except for 20 pl injections of the (1+1) mixed solu-

= 3r tions with 1.0X107’M 7y-butyrolactone and

E L 1.0X107? M for other compounds

2

< 2 - X

= N

21 \ BOBRIEON, KW Y AT L6527 b v ICERR

F \ MTHbLHBah ot '

s 1 . N

E d" ‘\ 3¢7-3 BRMCHHHEHR 20 E A BT

4T S N IX107* M 7-BuLac i5¥ % 5 Bl VR LAIE U2 B4
ol—t 1 L ] 1 1 1 j @ CL #ED RSD X 5.5% T&H - 1z. X, SFTETERE

10-10 10-8 10-6 10—

L CL 7074 Wip bR B LTH 3B TH 12,
Concentration of y-BuLac/M

Fig. 7 Calibration graph for 7-butyrolactone
Experimental conditions: same as for Fig. 1

3.8 HEER

EINEABARRER 2 O CE O N 145 R % Table 3
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Table 3 Recovery test for 7-butyrolactone in coffee es-
sence extracted with acetone

Samol Taken/ Found/ RSD, Recovery,
ampie M M %"®) %
Original 0 ND® — —

A 1.54 1.55 5.0 101

B 2.71 2.79 5.5 103

C 3.58 3.65 4.4 102

D 5.18 5.13 2.3 . 99

E 5.88 5.84 2.6 99

a): average for 5 repeated tests, b): relative stan-
dard deviation for 5 repeated runs, c): not detected.
Condition: same as for Fig. 1

WRLE. WEhDBEELBEBLZ 100% OEIGER
BiEshiz.

3.9 CL RSO —EE

A CL RIGWRIEE U7 ¥ 2 v BRFHEE, Hlx iy a
YEEYV I AT VOBBILAREDRSICHEST B EEZ S
N5, ZOEXIZESVT CL KIGHAE 2 RRET U 1.

AT NVBHTICBIL T, BEE BRI T I B
MO CLBRENEBONSNID CLEBEERZHERS 20
OBERBREHANRY P VBHREBRREFELSL. —
F, KRTEARYZ FVEHTICRIFTE %5IC29Y % CL
BEMNSBONEP-T. X, AEKRBEBERE 10 7K
BHOGHR BB ANRZ PIIZIEEL WY — D
EVEREH L, 12

H—=NT 49 Yy —BRIZEBKDEETIIKOERD
BETx. $bb, TATIVOERIEENIZE
Hhz. '

AR CIIBBRILKFZRIFERALCOZLDOT, B
KRBIERDLBILRICBFRENEAOND. €2 TR
ZEREARPIIKEIAATCLBREZFH LT
5, BEEFREAZTEOVAEARROHED CL BE &
HAXTH 1.8 EOREX XD CLBRENE SN,

K CL RIGOEBIEANRY VBB TE RV &
DOREDEZAHLPIITE RV, TATIVERD
MENERROBZOBES 3 5 EBRER T CL IGHK
BT AEELDEZRSIRTEIEHEEEATHD
kA IcBbhs. X, EELEMMDT 7 b IcET A
77 (T AREFIRLS)'DT, CO, B RmARF

72 bV 2 IPHEELUTHH|O CL P4E U, CO, 7

ARTRENRBONT, BT M VORFTTUDH
157b>@CLﬁ%6né:tbﬁ%bfwé.:

Vol. 42 (1993)

DZEEEAHFRTI I bV /TR M VBREAVWSGET
b RIOBEEHART CLBRENKEL L-1E
ELiEr»oL. vabs, ABBECTE VI
BG-CL &/5%75, 57 b vOB5% 5% CL 20512
DORBRRE ZH U TVA I ERRBT HEREEZ
bhbd. X, BERBREFTIOHENLELVLOIX
(Fig. 5) BERREOBEEEIEE LTV HERE
Bbinsd. > TAE CL KL Scheme 1| O RIGIERFE T

[Lactone]

NaOH NaOH/Ethanol [Acetone]

[energy depending on

supercritical fluid]

Oxycarboxylic  Glycolic acid [Excited acetone]*

acid . ester

T

Diester

oxygen

ldissolved

Hyper-intermediate like

peroxyoxalic acid ester(A)

l

) [energy transfer]
Excited A*

l
hv

Scheme 1 CL reaction

il Ebhs, FMICOVTIREBRIABTH 5.

BERREE CL KIGHEE UTHIAT 2 2 & TR

#5727 b D SCF-FIA/CL EBZEZRENTE 2. 77
PR EBTEDIMETHHDT, WoZ ) DERE
L MBEEEXBICRELILESA, HIKTFI7 O
ERESHICRYD CL RIGRPERWIZET 2 ENT
&1z, NADWEIERBRARICERATE 25, Al
BHEALEDD120ICESBKAKRICHLAATE S
SCF-FIA/CL i OBFBOMBELEEX L. INoHI
DVTIRREMFEFTH 5. BEATRAED CL 5~
DORAMSELR O NS &2 ET 5.

AR O—EIIEEREPR B E SHEEAE (REE
5 04238221) OESEBICLVITONIZ.
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Determination of small amount of lactone by a supercritical fluid FIA with
chemiluminescent detection. Mikita IsHii and Mitsuru KoIKE (Department of
Industrial Chemistry, School of Science and Technology, Meiji University, 1-1-1,
Higashimita, Tama-ku, Kawasaki-shi, Kanagawa 214)

By using a GOy supercritical fluid (SCF) as FIA carrier and chemiluminescent (CL)
reaction medium, a SCF-FIA/CL system was developed in order to determine small
amount of lactone. The system was comprised of a single flow line; and a cylinder for
CO, SCF, high pressure pump, two injectors (Rheodyne 7125 : 100 pl for reagents; 20 ul
for sample), detector and recorder which were set up on the line, in order. A CL is pro-
duced as follows. Lactone reacts with sodium hydroxide and sodium hydroxide/ethanol,
and changes to oxycarboxylic acid and glycolic acid ester, respectively. These two com-
pounds react with each other, and the diester is finally produced. The diester reacts
with dissolved oxygen, and a hypercompound, such as peroxide of oxalic acid diester is
produced. The exited compound being a CL emitter produces the CL and the CL is en-
hanced in SCF. Analytical characteristics for y-butyrolactone (7-BuLac) as a repre-
sentative were as follows. Lower detection limit: 1.0X 107 ' M (20 pl injection method:
S/N=2). Lineality of the calibration: .0X10"?~1.0X10"’M. Selectivity: excellent
to lactone. Reproducibility: 5.5% in terms of relative standard deviation (5 repeated
runs for 1X107®M 7-BuLac in 20 ul injection volume). Analytical time required :
ca. 3s. Recovery test for y-Bul.ac in coffee essence was successfully achieved.

(Received October 8, 1992)
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