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Fig. 1 Scheme of fluorescence emission model. Ay
and kv’ represent the excitation ray and fluoresc-
ence, respectively. k¢ and kg represent the rate con-
stants of fluorescence emission and quenching, re-
spectively.
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Fig. 2 The schemes of (a) Nyquist plots and (b),
(c) bode plots to represent the transfer function of
fluorescence emission, H(®)
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Fig. 3 (a) Expresses the residue for least-squares
fitting, (b) The transient curves of excitation ray and
fluorescence emission

Specimen is anthracene in degassed ethanol. The
lifetime, 4.8 ns, is calculated from the deconvolution
by curve fitting with Eq. (17).
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Fig. 4 Bode plots of transfer function of fluores-
cence emission, H(w)

(a) and (b) represent the frequency dependencies of
amplitude and phase shift, respectively. Specimen
is anthracene in degassed ethanol.
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0.00 —o— o = Table 1 Fluorescence lifetimes obtained by various
S . A analytical methods.
° a
— —001 ... a i Concent Fluorescence lifetime/ns
— . A -
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= ceo®® L “ ample Ir;}ljrlgn Convolu- Bode Nyquist
-~ \a) ad tion plots plots
B —0.02+ ROV o 2ppm |
 4ppm (a)anthracene 0.4 4.8 4.7 4.7
@m » Gppm 2 4.9 50 5.0
—0.03 : L . 4 4.8 4.7 4.7
.00 0.01 0.02 0.03 0.04 0.05 6 4.8 4.7 4.7
Re {H (w)} (b)naphthalene’ 0.4 38 37 37
2 34 34 34
Fig. 5 Nyquist plots of transfer function of 4 37 36 36
fluorescence emission, H(w) 6 36 36 36
Specimen is anthracene in degassed ethanol. (c)pyrene! 0.040 38 39 39
0.2 42 43 43
0.4 47 47 47
0.6 49 49 49
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thalene and pyrene in ethanol, respectively.

t These values are smaller than previous ones
in degassed solvent, because dissolved oxygen gasses
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influence the fluorescence emissions.
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Fig. 6 Calibration curve to determine the concen-
tration of anthracene was obtained from the Nyquist
plots of transfer function, H(w), in Fig. 5.

W% Fig. 6 IO, W& SERBIFRICH VR (13) O
FREWIILTHBY, ZOMEEH 23elp L7585, I
EEH (B UV-21008) % FHOHRIE LU 2 BiEKE 330
nm TDT ¥ b7ty DENVERIEHRE e & 2.16X10°
dm*/cmmol ™! THotz. D e OEE (1.0 cm) RO
MEHROEE »otE I W BFICR ¢ 13028 TH
0, XHE 03" EFEF—HLTWA., FIZ, k=¢/T

NI | -El ectronic Library Service



The Japan Society for Analytical Chemistry

1148

B O kg=1/t—k OB H » 5, k=58X10"s"",
kg=15X10%s7" LRKH B ENTE 5.

4+4 HABPBOEEBRY Ho) CL3BINORRM
ESHBRDREE

ATl FFT HEIC L 0 BB O ERNE H(w)
K0, Ho) ® BV OFRREZRL . EIZ,
H(w) 12 &k 2%NHEG ¢ OREEM OCHRBBROIERE
BREUR. UTIARTRS BITEE RO FHEE
H#R U 12388 DE &S H% OB DR REtE 238X 5.
(WRIEHEEECEE R Z2EES T LB TEH I
B, BiIoRtES (BER) 2RETH0HTHL, R
RIGDEEEE ke kg OREEITAS. BIZ, fHOH
HANEFH DI bIGS D ENTE S,
(DRRDOBFEDEDICH—T T 49T 4 ¥ T IPbTE

BUNSEKI KAGAKU

Vol. 43 (1994)

X 73

1) FEIEE, EAM= “80t - v AR, BA
SRR, (1987), (FELHIR).

2) S. G. Schulman: “Molecular Luminescence Spectros-
copy”, Chemical Analysis Vol. 77, (1985), (J.

- Wiley & Sons, New York).

3) PEJIZRIA, SPARM= “B0E - 0 AR, AK
S LS, p. 81 (1987), (FELHIAR).

4) E. Gratton, M. Limkeman, J. R. Lakowicz, B. P.
Maliwal, H. Cerek, G. Laczko: Biophys. J., 46,
480 (1984). .

5) J. N. Demas, A. W. Adamson: J. Phys. Chem., 75,
2463 (1971).

6) A. Gafni, R. L. Modlin, 1. Brand: Biophys. J., 15,
263 (1975).

7) U. P. Wild, A. R. Holzwarth, H. P. Good: Rev.
Sci. Instrum., 38, 1621 (1977).

8) D. M. Rayer, A. E. Mckinnon, A. G. Szabo, P. A.

Hackett: Can. J. Chem., 54, 3246 (1976).

9) W. R. Ware, C. J. Lewis: J. Chem. Phys., 57, 3546
(1973).

10) BEDHREE, &b B (b, 42, 557 (1993).

11) R. A. Lampert, L. A. Chewter, D. Phillips, D. V.
O’Connor, A. J. Roberts, S. R. Meech: Anal.
Chem., 55, 68 (1983).

12) KF—E, WEEER: <SCRE—EmREA
DISF—, p. 187 (1988), (FxHRt Y ¥ —).
13) B gk </, YV aRo by, L¥ERF No.

24, p. 32 (1979), (FEXHE LY 5 —).
14) PR, SEARB = 30k - 0 AXSIEE, BE
SHHLESR, p. 77 (1987), (FELHHAR).

<, BEEMED»SHENERERETE S, X, WMEHIEK
KB AREBEBICHIGET 5/87 A—F— (KRBT
2.3¢Clgp) H—HFWRICHRT Y, REROBEE»HETI
RERDDZENTE 5.

()M IEOBEIGE ERNHARBEROATE L,
REHEDRMITHEET 5. AR AR EOE
HEBEEDOHETH O, BHEAKITKEL 2V,

Bigr, EBRO—MEHEL LTV REOLBRZEBRIC
HREHBLET.

i¢

Determination of fluorescence lifetime with transfer function processed by fast
Fourier transformation. Masayuki ITacAKI and Kunihiro WartaNaBe (Department of
Industrial Chemistry, Faculty of Science and Technology, Science University of Tokyo,
2641, Yamazaki, Noda-shi, Chiba 278)

The transfer function, H(w), for fluorescence emission of anthracene in ethanol has
been calculated from the excitation ray and fluorescence time profiles by the fast Fourier
transformation (FFT) process. The theoretical expressions of the H(w) have been de-
rived on the basis of the fluorescence emission model, H(w)=2.3eClk/ (jw +kitky),
where ¢ is the molar extinction coefficient, C is the concentration of specimen, [ is the cell
length, and k; and k, are the rate constants of fluorescence emission and quenching,
respectively. New analytical methods to determine the fluorescence lifetime 7 and to
construct the calibration curve have been proposed using the H(w). The fluorescence
lifetime of anthracene obtained from both bode plots and Nyquist plots of the H(w) was
48+0.2ns. From the slope of the calibration curve, the fluorescence quantum yield of
anthracene has been determined to be 0.28. These results are in good agreement with
the previous works. Furthermore, rate constants of fluorescence emission and quenching

have been calculated from the analysis of H(®).
(Received July 1, 1994)
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