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Three-layer extraction followed by fluorescence spectrometry has been developed for the rapid
discrimination of oils containing coumarin. The proposed method provides facilities, such as
rapidity, convenience, and down-sizing. The procedure of the method is as follows: 0.25 ml of
oil samples was used for quantification. After shaking a mixture of the sample with 1.5 ml of
dodecane, two ml of butanol-ethanol (4 : 3; v/v) solution, and 1.25 ml of alkaline aqueous solu-
tion (2.5 M NaOH) for three min, non-fluorescing o-coumarinate ions produced from coumarin
by hydrolysis were extracted in an alkaline aqueous solution. Fluorescent compounds in oils
were extracted together with the o-coumarinate ions in the alkaline aqueous solution, and inter-
fered with the quantification of the o-coumarate ions using fluorescence spectrophotometry.
The addition of inorganic salts to the alkaline aqueous solution was very effective to quench the
fluorescent interference of the co-extracted substances from oils. The addition of sodium
nitrate which was the most effective quencher, suppressed any unfavorable fluorescent interfer-
ences. After the o-coumarinate ions were converted into isomeric o-coumarate ions by the irra-
diation of ultraviolet light for five min, fluorescence intensities at 500 nm were measured. The
fluorescence intensity showed a good linear relationship with the gas-oil content in the range of
5~100% of fuel oil A in the gas-oil mixtures. A statistical analysis of the calibration curve gave
an excellent relation with a correlation coefficient of 0.996~0.999. The proposed method
could successfully discriminate illegal diesel fuels containing coumarin.

Keywords : coumarin; fuel oil A and gas oil; fluorescence; o-coumarate; inorganic salt as
quencher.
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Fig. 1 Volume percentage of solvent layers separated after excitation procedure using
0.25 m] of gas oil, 1.5 ml of dodecane, 2 ml of butanol-ethanol, and 1.25 ml of aqueous solu-
tion with 0, 0.5, 1, 2.5, 5, or 10 M of sodium hydroxide

Init.: Initial state of the three solvent layers
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Fig. 2 Effect of sodium hydroxide concentration (1,
2.5, b, or 10 M) in the alkaline solution on fluores-
cence intensities of the alkaline solution

(a): highest fluorescence peak intensity of the alkaline
solution extracted from 0.25 ml of gas oil; (b) and (c):
fluorescence intensities at excitation wavelength of 360
nm and emission wavelength of 500 nm of the alkaline
solutions extracted from 0.25 ml of gas oil and 0.25 ml
of hexane solution containing 1 ppm of coumarin,
respectively; 4 : three-layer extraction using dode-

cane, buthanol-ethanol, and alkaline aqueous
solution; [J: two-layer extraction without butanol-
ethanol
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Fig. 3 UV/Vis absorption spectra (10 ppm) and chemical structures of coumarin
in hexane (a), o-coumarinate anion extracted in alkaline aqueous solution (b),
and o-coumarate anion isomerized by ultraviolet light in the solution (c)
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Fig. 4 Effect of irradiation time of ultraviolet ray on
isomerization of o-coumarinate anion (10 ppm) to o-
coumarate anion
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Fig. 5 Quenching effect of inorganic salts in the alkaline solution on the intensity of the alkaline
solution (2.5 M of sodium hydroxide) extracted from 0.25 ml of gas oil

(a): fluorescence intensities of highest fluorescence peak; (b): fluorescence intensities at excitation
wavelength of 360 nm and emission wavelength of 500 nm; <>: 0 to 5 M of sodium nitrate; ll: 0to
3.3 M of sodium chloride ; & : 0 to 2.5 M of potassium bromide

i}, 2.4~5M DR O & ERIE L V286 05
FOHIWEDOWENNEI RS BEFTH o7z, KT
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Alkaline aqueous solution (2.5 M NaOH)

Without salt Witb NgC}_ ‘

100/0

90/10

50/50
Excitation wavelength /nm

Mixture ratio of gas oil and fuel oil A (Gas oil / Fuel oil A)

0/100

» Emission wavelength /nm

Fig. 6 Three dimensional emission spectra of 2.5 M sodium hydroxide of alka-
line aqueous solution with and without inorganic salt extracted from mixture of
gas oil and fuel oil A ’

(a-1), (a-2), (a-3), and (a-4): the spectra of the solution without the salt; (b-1), (b-
2), (b-3), and (b-4): the spectra of the solution with sodium chloride; (c-1), (c-2),
(c-3), and (c-4): the spectra of the solution with sodium nitrate; (a-1), (b-1), and
(c-1): the spectra of the solution extracted from gas oil; (a-2), (b-2), and (c-2):
the spectra of the solution extracted from the mixture of gas oil and fuel oil A
(10 : 90); (a-3), (b-3), and (c-3): the spectra of the solution extracted from the
mixture (50 : 50); (a-4), (b-4), and (c-4): the spectra of the solution extracted
from fuel oil A

Table 1 D x ZREEMHT DO A BEHORESET5E (%) Table 1 Regression analysis between fluorescent
R L, yidEREE 360 nm/ B 500 nm O % intensity and gas oil content in mixture with
= . . . fuel oil A and gas oil
EARLTVS. SEEELEN LS, BABNHO ik _
A BHOMBE KRG S5 5 ~ 100% ORBT, HEAKD Quencher Equation of linear regression curve
= 2 =

B o = 0.996~0.999 DEMRMFHAE SN, 5% LhLo BN oy Sodd
AEMZBEHIICRE L2WMAB TR, KEICL) ZORE NaCl »=7.18lx+33.3 (r" = 0.997)

s ] I S L e o T s KCl y=17.792x+35.0  (r°=0.996)
B R MAITE D, ATHIE A FilC T E DD Rl I Ao
ZWOT, AEHORD I Z ELREEMIC D ARE

x: Content of fuel oil A in gas oil mixture; y: Peak intensity
ZRHATRREEZ LB, measured at 500 nm in emission spectra (exciting at 360 nm).

U ED#ER, AOWEIRIET 1 — EVRENH OB
BHTERTH Y, 7IH ) WAKEE D OWEHNI I HRIE
PROAMTHo72. -
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7R VEFCHMBEOBNOI:OOMELERSTEL L TZRam /S5t bR 2R L.
lppm D27 <) Y EFMUZBHG 2507 <) Y OMHEEEZ 1 Ko CORBRENTITV, 203 %
SEABCHW, WA 0.25ml & FFH Y 15ml, BETNVI—VBHE2ml RUETVH ) BKER
1.25ml & % 3 IR D BB, ZRBICHELALETROT VS Y HAKBREIC 5 RENEERS LT
B0 72NV (trans-o-F F 7 A REE) BA A VOEBOTZITo72. ZOK, WPodsewEd 7V
AVBHEKRBEBICHBEIN, T3 o7 v NVEBBAX VOBERZTIELZ. ThENHTE-00W
& LT, MERIE, WAL, RIACWORMPBER TH -7z, REIC L KR 360 nm/ 88 E 500 nm
TOHRNBEOKEHRIL, REBHAP DA BEWREARI6~100% OB TESRE HEREOBER /=
0.996~0.999) AF SNz,
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