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Abstract

New water-soluble chloride-sensitive indicator dyes based on a bisacridine backbone were synthesized. These quaternized bisacridini
derivatives and the commercial available lucigenin are compared with acridinium compounds in terms of absorbance, fluorescence excitati
and emission spectra, their fluorescence decay time and Stern-Volmer corsgant®x quenching by a series of anions. All these dyes
are quenched dynamically on exposure to chloride and obey the Stern-Volmer law. The effect of pH, buffer composition and ionic strengt
on the quenching mechanism was investigated. ©1999 Elsevier Science S.A. All rights reserved.

Keywords:Fluorescence quenching; Chloride probe; Bisacridinium derivatives

1. Introduction rophore, is a frequent complicating factor in the analysis of
dynamic quenching. The most effective way to distinguish
The principle of dynamic fluorescence quenching is between collisional and static quenching is the measurement
well-known. A wide variety of substances act as quenchers of fluorescence decay time [4].
of fluorescence. One of the most investigated collisional ~ Quinolinium and acridinium compounds are well-studied
guencher is molecular oxygen [1] and sensor applications fluorescent indicator dyes dynamically quenched by halides
are described in literature [2,3]. [5-8]. 3-Sulfopropylquinolinium (SPQ) has been used for
Dynamic (collisional) quenching results from diffusive the measurement of intracellular chloride activity and for
encounters between the excited state fluorophore and theanalysis of chloride transport mechanisms in biological sam-
quencher [4]. The relationship between fluorescence inten-ples [9]. SPQ can be loaded into membrane vesicles and
sity and the quencher concentration can be described by thecells where it reports accurately the instantaneous chloride

Stern-Volmer equation (Eqg. (1)). concentration or the exchange of chloride and bicarbonate
across the human red cell membrane [10,11]. However, fluo-
Fo _ 1+ks-70-[Q] =1+ Ksv-[Q] (1) rescent chloride-sensitive indicators for bio-medical applica-

tions should be excitable at wavelength higher than 450 nm
Fo andF are the fluorescence intensities in absence and pres0 avoid cellular autofluorescence, photodynamic cellular in-
ence of a quencher, [Q] is the concentration of the quencher,iury and apply the use of the cheap blue LED. Furthermore,
kq is the bimolecular rate constant for quenchimg,the they have to dlSpIay hlgh SenSitiVity and SeleCtiVity for chlo-
lifetime of the excited state in absence of a quencher andfide and possess high quantum yields, molar extinction and
Ksv is the Stern-Volmer quenching constant. It is important @ large Stokes shift.
to mention that the observation of a linear Stern-Volmer plot ~ Lucigenin was mentioned to be effectively quenched by
does not prove that collisional quenching of fluorescence halides and amines [12,13]. The quenching of fluorescence
has occurred because static quenching displays also a linea@f lucigenin by chloride and several anions was stud-
plot. Static quenching, which is due to the formation of a ied. Due to the advantageous properties of lucigenin new
non-fluorescent complex between the analyte and the fluo-chloride-sensitive indicator dyes based on a bisacridinium

backbone were synthesized and shown to have superior
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2. Experimental The pH values of the solutions were checked using a
digital pH meter (Knick, Berlin, Germany) calibrated with
2.1. Chemicals standard buffers of pH 7.00 and 4.00 at21°C.
Dye concentrations for fluorescence excitation and emis-
The chloride-sensitive dyes N{(3-sulfopropyl)-acri- sion and fluorescence decay time measurements were about

dinium) (SPA) and lucigenin were from Molecular 20pM. Calibration curves were fitted with the Boltzmann
Probes (Eugene, USAN-(4-Nitrophenylbutyl)-acridinium ~ function shown in Eq. (2).
4'chlorobenzene-sulfonate (NPBA) was a friendly gift from

AVL/List GmbH. 9,10 Dimethylacridinium methosulfate £ — o _ Z-Y Ly @

(DMA) was synthesized according to [14N-Methyla- Fo 1+ exp(log (c/mM) — X/ W)

cridinium-9-methylcarboxylate was synthesized according

to Rauhut et al. [15,16]. whereW, X, Y, Z are empirical parameters describing the
All inorganic salts were of analytical grade (Merck, initial value @), final value ), center K) and the width

Darmstadt, Germany). NfMorpholin]-propane sul- (W) of the fitting curve. The 50% decrease in fluorescence

fonic acid and the respective sodium salt (MOPS), intensity [a,2 (CI7)] was calculated determining the point
and N-2-hydroxyethylpiperazin®¥-2-ethanesulfonic acid  of inflection of the calibration curve. The Stern-Volmer con-
(HEPES) were obtained from Sigma (Wien, Austria) Stants Ksy) were obtained by linear regression.

and Serva (Heidelberg, Germany), respectively. The
pH was adjusted using a sodium phosphate buffer
(CHoPoy ~ + Cpo,2- = 5MM). The buffers were adjusted
to constant ionic strength £ 210 mM) using sodium flu-
oride as background electrolyte [17] unless other stated. o
Aqueous solutions were prepared from air-saturated double3-1. Methylacridinium (MAC)
distilled water.

3. Synthesis

A mixture of 1.5 mg (8.4 mM) acridine in 50 np-xylene
and 1.5ml (1.13mg, 9mM) dimethyl sulfate was heated
to 100°C for 4h. The mixture was cooled and the yel-

2.2. Instrumentation and measurements low residue was filtered off and was washed with xy-

lole and ether. Yield: 0.9g of yellow crystals (2.9 mM,

Fluorescence excitation and emission spectra were ac-33%); Melting point: 192—-19&C. Infrared spectrum (KBr):

quired with an Aminco-Bowman Series 2 luminescence v[cm~1]=3030, 3010, 2950, 1630, 1580, 1550, 1470, 1400,

spectrometer (SLM-Aminco, Rochester, NY 14625, USA) 1230, 1060, 1010, 870, 756H-NMR (D,0): §=9.72 (s,

equipped with a continuous wave 150 W xenon lamp as a 1H, aromatic), 8.41-8.47 (m, 4H, aromatic), 8.25-8.37

light source. All fluorescence excitation and emission spec- (m, 2H, aromatic), 7.83-7.89 (t, 2H, aromatic), 4.71 (s,

tra were corrected. Absorbance was measured on a HitachBH, CH;O-SQ™), 3.64 (s, 3H, N-CH); Mass spec-

(U-3000) UV-Vis spectrophotometer. trum (ei, 70eV) m/z (relative intensity): 194 (100
Fluorescence decay time measurements were carriedCHN-combustion analysis (in %): C: 58.7; H: 5.0; N: 4.6

out on an ISS K2 multifrequency phase-modulation fluo- (calculated for GsH1sNO4S (305.35g/mol): C: 59.0, H:

rometer using a 150 W continuous xenon lamp (PS 300-1, 5.0, N: 4.6).

ILC technology) as excitation light source and two signal  The synthetic strategy to obtain the quaternized bisacri-

generators (2022D from Maroni Instruments). The light dinium derivatives is shown in Scheme 1.

was passed through a Pockels cell which provided modu-

lated light. Emission was detected at®d0 the excitation

through a convenient filter (bandpass filter with transmis- 3.2. Synthesis of acridone phosphorus oxychloride (4)

sion at 445-495nm, FITCA, and OG 550, Schott, Mainz, [18,19]

Germany). Lifetimes were referenced against a dilute solu-

tion of glycogen. A magnetically stirred solution oN-phenylanthranilic
Elemental analyses (CHN) were carried out with a acid (1) (20g, 93.8 mmol) in phosphorus oxychloride (70 ml,

CHN-Rapid from Heraeus. Infrared spectra were received 118 g, 770 mmol) was carefully heated up t¢80A vigor-

on a Perkin Elmer 881 infrared spectrometer. Mass spec-ous reaction started and the temperature was kept constant

tra were acquired with a Varian MAT 311 A | (ei) and a till the gas evolution stopped. Then, the mixture was refluxed

Finnigan MAT 95 (fab). Melting points are uncorrected and for 2 h. The dark green solution was cooled in the refrigerator

were determined in open capillary tubes with a SMP-20 overnight. The yellow-green crystals were filtrated, washed

melting point apparatus from Bichi. Proton magnetic res- with diethyl ether and dried in vacuum. 11.5g (mmol) of

onance spectra were recorded on a 250 MHz PFT-NMR (4a, 4b) were obtained and used in the next reaction without

spectrometer AC 250 from Bruker. further purification.
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Scheme 1. Synthetic strategy of quaternized bisacridinium derivatives BADE and SPBA.

3.3. Synthesis of 9/iacridine [20-22] solution was added dropwise over a period of 1 h under stir-
ring. Afterwards, the solution was stirred for 15 min at room
A solution of 56 g (357 mmol) of bromobenzene in 100 ml temperature. Then, the solution was refluxed for 15 min.
of absolute ether was prepared. Fifteen milliliter of this so-  10.92 g (31.3 mmol) of acridone phosphorus oxychloride
lution were added with a dropping funnel to a mixture of (4) were added slowly to the cooled Grignard solution, re-
89 (329 mmol) of magnesium and 200 ml of absolute ether acting vigorously. Afterwards, the mixture was refluxed for
without stirring. Some iodine crystals were added turning the 15 min, cooled to room temperature and poured very slowly
solution brown. The reaction mixture was slightly heated till to a well stirred solution of 200 ml of water, 300 ml of 25%
the reaction started. This could be observed at the disappearammonia solution and 4g of ammonium chloride. A vig-
ance of the brown color. The remaining bromobenzene/etherorous reaction started, and a yellow precipitate arose. The



114

C. Huber et al./Journal of Photochemistry and Photobiology A: Chemistry 128 (1999) 111-120

cold suspension was filtered, washed with water and dried in4. Results and discussion

vacuum over phosphorus pentoxide. After recrystallization

from toluene, 9,9biacridine was obtained. Yield: 3.2 g of
yellow crystals (9 mmol, 30%); Melting point: >300. In-
frared spectrum (KBr)u[cm~1]= 3446, 3054, 1631, 1610,
1550, 1515, 1460, 1439, 1404, 761, 750, 61A:NMR
(CDCl3): §=8.41 (d, 4H, aromaticJ=8.9Hz), 7.82 (m,
4H, aromatic), 7.36 (m, 4H, aromatic), 7.08 (d, 4H, aro-
matic,J=9.4/0.7 Hz); Mass spectrum (ei, 70 eV) m/z (rela-
tive intensity): 356 (55 M), 264 (27), 219 (100), 169 (5);
CHN-combustion analysis (in %): C: 87.1, H: 4.8, N: 7.8
(calculated for GgH1eN> (356.4 gmotl): C: 87.5, H: 4.5,
N: 7.9).

3.4. 9,9-Bisacridinium-N,N-di-aceticacidethylester
(BADE)

Two hundred milligram (0.56 mmol) of bisacridine (5)

4.1. Synthesis

9-Methylacridine (MAC) was synthesized by methylation
of acridine with dimethyl sulfateN-Methylacridinium-9-
methylcarboxylate (MAMC) was synthesized by convert-
ing acridine-9-carboxylic acid to the acid chloride, followed
by a reaction with methanol and a methylation of the het-
erocyclic nitrogen with dimethyl sulfate [15,16]. The syn-
thetic strategy of the bisacridiniuin derivatives is shown in
Scheme 1. (4) is prepared by a ring closure reaction of
N-phenylanthranilic acid (1) in phosphoryl chloride. The
exact characterization of (4) is not possible, both forms,
(4a) and (4b) may be possible. However, as long as the
yellow-green crystals of (4) are not out of the solution,
no problem with hydrolysis to acridone occurs. The reduc-
tive coupling is carried out by adding (4) to a freshly pre-

and 1.5ml (2.7g, 12.6mmol) iodoaceticacid-ethylester pared Grignard solution of bromobenzene and magnesium

(6) were suspended in a sealed glass tube. The tube wa

heated to 110C for 48 h. The crude residue was washed

with ether to remove excess iodoaceticacid-ethylester.

9,9-bisacridiniumN,N'-diaceticacidethylester (BADE) was

extracted in water/methylene chloride several times and

lyophilized. This procedure gives an effective product pu-

rification because the product is polar and water soluble
while the reactants were nonpolar. The purity was con-
firmed by reverse phase thin layer chromatography. Yield:

0.03g of brown crystals (0.03 mmol, 7%); Melting point:
>300°C. Infrared spectrum (KBr)» =3060, 3020, 2960,
1740, 1630, 1610, 1550, 1450, 1260, 1230¢ntH-NMR
(D20): §=8.57 (d, 4H, aromatic), 8.38 (t, 4H, aromatic),
7.65 (t, 4H, aromatic), 7.49 (d, 4H, aromatic), 4.39 (t,
4H, O-CH), 1.31 (t, 6H, CH-CH,); Mass spectrum (ei,
70eV) m/z (relative intensity): 531 (80, MH, 530 (76
MZt), 443 (84), 415 (20); CHN-combustion analysis (in
%): C: 56.1, H: 4.18, N: 2.82 (calculated fog4E39N204l 2
(784.4gmot1): C: 52.1, H: 3.9, N: 3.6).

3.5. N,N-Di- (3-Sulfopropyl)-9, 9-bisacridinium (SPBA)

A mixture of 1g (2.8 mmol) of 9,9-biacrinine (5) and

3.7g (30.3mmol) of 1,3-propanesultone (7) was stirred

at 190C in a pressure tube for 1 day. The crude brown

substance dissolved in methanol was purified by reversed>PA
phase chromatography using silica gel and methanol asypga

solvent. Yield: 200 mg (0.3 mmol, 12%) of yellow-brown
crystals; Melting point: 270C (decomposition); Infrared

spectrum (KBr): 3434, 2921, 2853, 2366, 2342, 1612, 1550, Lucigenin

1468, 1449, 1383, 1193, 1044, 768t H-NMR(D,0):
§=8.79 (d, 4H, aromatic), 8.37 (m, 4H, aromatic), 7.63
(m, 4H, aromatic), 7.35 (m, 4H, aromatic), 5.73 (m, 4H,
CH>—N), 3.35 (t, 4H, CH-SG;7), 2.81-2.71 (m, 4H,
N—-CHy—CH,—CHy,—S(;7); Mass spectrum (fab) m/z: 603.5
(93, MH,?1), 602.5 (100, MH), 479.4 (20) [23].

dn ether. After hydrolysis and recrystallization with toluene

the 9,9-bisacridine (5) is obtained. The quaternization of (5)
can be performed with iodoaceticacid-ethylester to obtain
BADE or with propane sultone to obtain SPBA.

4.2. Spectroscopic measurements

Fig. 1 shows the chemical structures of the chloride-
sensitive fluorescent indicator dyes. Their spectroscopic
properties, including peak absorptiok,fg, the molar ex-
tinction coefficient £), excitation and emission maxima
(Mex/rem), fluorescence quantum yield§ and their decay
time (r), are listed in Table 1. All bisacridinium derivatives
have an excitation peak beyond 450 nm.

The fluorescence decrease of an air-saturated aqueous
buffer solution of BADE at various chloride concentrations
is shown in Fig. 2. As predicted for a dynamic quencher, the
shape of the emission spectra and the absorption spectra are
not altered by the addition of chloride.

Table 1
Spectroscopic properties of chloride-sensitive indicators

Compound Agpd (M) €2 M~Tem™1) Aeddem (M) @ T (nS)
357, 417 19700; 4000 359, 419/492 0.89 314
357, 415 18600; 3400 358, 419/492 0.87 33.3
358, 418 19200; 3900 358, 419/492 0.83 314
DMA 357, 418 17400; 4300 357, 419/492 0.91 30.0
MAMC 366, 424 14500; 3200 367, 424/520 0.24 13.8
368, 455 34800; 7200 369, 455/510 0.67 20.0
BADE 370, 462 29100; 5700 371, 467/525 0.35 12.2
SPBA 369, 460 31000; 7300 369, 460/515 0.52 18.0

a Absorbance peaks with maximum absorbance and longest wavelength
are given.

b Molar extinction coefficient determined using the Lambert-Beer law
measured at peak absorbance.

¢Quantum vyields were determined using lucigenin as standard.
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Fig. 1. Chloride-sensitive indicator dyes.

For each compound quenching by chloride occurred and bromide or iodide, since the much lower ionization po-
by a collisional mechanism as judged by the parallel de- tential of the higher halides.
crease in fluorescence intensity and decay time on addition The titration plots shown in Fig. 4 cannot differentiate
of chloride. In an aqueous solution the dyes exhibit a between dynamic quenching and other quenching effects.
mono-exponential fluorescence decay time which is listed Concerning the fluorescence intensities, linear Stern-Volmer
in Table 1. In the presence of chloride, the decay time plots are only obtained at concentration25 mM for bro-
of the dyes remained mono-exponential but decreases.mide and iodide. At concentrations >25mM Stern-Volmer
Fig. 3 shows the equivalent increaselgi—1 andro/t—1 plots showed upward curvature indicating a further quench-
with the chloride concentration and hence excludes staticing process. The dynamic quenching constdtg\{ can
guenching by complex formation between the indicator and be determined by decay time measurements. Indeed, linear
chloride. Stern-Volmer plots were obtained as can be seenin Fig. 4. In
Fluorescence of each compound is not markedly affected dynamic quenching sometimes an additional static quench-
by phosphate (used as buffer component), fluoride, and pHing can be observed in the case of high quencher concentra-
in the range 4-8. Fig. 4 shows the calibration plots of BADE tions. The combined quenching recognized by the upward
for chloride, bromide, iodide, sulfate and nitrate, respec- curvature of the Stern-Volmer plot can be expressed by a
tively. As supposed bromide and iodide show a pronounced modified Stern-Volmer Eq. (3).
guenching effect on the fluorescence. The effective quench-
ing for bromide and especially for iodide has been attributed g,
to a charge-transfer interaction between excited fluorophore 7~ = (1+ Ksv[Q)]) - (1 + Ks[Q)]) )
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Fig. 3. Stern-Volmer plots for quenching of lucigenin, BADE, MAMC, SPBA, and MAC. Allalues are generally >0.997. Scales on the ordinate are
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Fig. 4. Calibration plots of BADE for chloride, bromide, iodide, salicylate, nitrate and sulfate. Stern-Volmer plots for chloride, bromide dmaiedi
inserted.



C. Huber et al./Journal of Photochemistry and Photobiology A: Chemistry 128 (1999) 111-120 117

460 T
[T
‘:fls
420 --ém
=
& ’ 0 0.01 0.02 0.03 0.04
= 380 + ¢(Br-) [mol]
e
] Kgy =293 M
340 + Kg=10M'
] y=2935.5x + 304.29
) R?=0.9986
300 . : . : ; : . : : :
0 0.01 0.02 0.03 0.04 0.05

¢(Br) [mol]

Fig. 5. Determination of dynamic and static quenching constants by a linear pk4ppivs. [Q]. The upward curvature from the linear Stern-Volmer
plot concerning fluorescence intensities at higher quencher concentrations is inserted.

Table 2
Stern-Volmer constants for quenching of fluorescence in a 5mM phosphate buffer solution by a series of anions. The correlation coefficients generall
are higher tharr >0.997

Indicator Ksv (CI7) (M7 Ksv (Br) (M~1) Ksv (I7) (M7Y) Ksv (NO3™) (M) Ksv (SO%7) (MY
¢1/2(CI7) (mM) C1/2(Br7) (mM) c12(17) (mM) €1/2(NO3 ™) (mM) C1/2(Sw27) (mM)
SPA 8 280 360 0 0
67 6.6 5.4 a —
MAC 8.7 466 615 0 0
94 2.4 2 - -
DMA 1 510 744 0 0
— 2.1 1.6 - -
NPBA 8.7 483 802 0 0
56.9 2.2 1.9 — -
MAMC 148 244 418 1 0
55 3.7 2.9 - -
Lucigenin 390 533 600 2 b5
2.4 1.8 1.7 128 -
SPBA 124 209 271 2.1 3.3
7.3 4.9 3.2 259 243
BADE 237 292 312 3 8h
4.0 3.3 2.5 - 40

2Not determinable.
b No linearity.

where Ks is the complex formation constant of the The Stern-Volmer constant of BADE for bromide deter-
fluorophore-quencher complex. Eq. (3) can be simplified to mined by fluorescence decay time analysis is 294 Mn-
Eq. (4) by introducing an apparent const&gp, measured  deed, calculating the Stern-Volmer constady) by means

for various analyte concentrations. of Eq. (4) yields 293 M1 agreeing with th&sy value ob-
tained via decay time measurement. Additional, a second
Fo _ _ solution was obtained corresponding to the complex forma-
7~ 1=[(Ksv+ K9) + KsvKs[Q]] - [Q] = KapdQ] tion constant Ks) which is 10 M~1. However, the upward
4) curvature for iodide cannot be attributed to an additional

static quenching since no linear plot Ky, versus [Q] is
A plot of Kappversus [Q] yields a straight line with the slope  obtained. lodide is known to quench fluorescence due to
S=Ksv*Ks and an intercepit=Ksy +Ks (Fig. 5). the heavy atom-effect through a spin-orbit coupling in the
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Fig. 6. Dynamic quenching of lucigenin fluorescence by MOPS, HEPES, and phosphate.

Table 3
Stern-Volmer constants of anions in a 5mM phosphate buffer solution
containing a constant ionic strength of 200 mM

encounter complex of excited fluorophore and the iodide
[24] which may be the reason for the upward curvature.
The Stern-Volmer constants, obtained from the fitted line
slopes, and the;g;(A™) values indicating the concentration

where 50% of fluorescence is quenched, are summarized in

Indicator  Ksy (CI7) (M™1)  Ksy(Br-) ML) Ksy(I™) (M71)
¢1/2(CI7) (mM) C1/2(Br7) (mM) c2(17) (mM)

Table 2. SPA 6.6 309 392
The efficacy of dynamic quenching of acridinium deriva- 1% 43 s
. . ... Lucigenin 174 300 469
tives strongly depends on the substituent at the 9-position 6.3 45 26
[6]. Two different 9-substituted acridinium compounds were spga 90 198 260
investigated, the one containing an electron-donating methyl 13.6 7.4 5
group (DMA), the other an electron-withdrawing carboxy- BADE 123 173 254

9.6 6.5 4.2

late group (MAMC). As can be seen, the sensitivity to chlo-
ride of these acridinium derivatives, which differ only in the
substituent at the 9-position, are completely different. The Taple 4
Stern-Volmer constant of MAMC for chloride is 148M Stern-Volmer constants of lucigenin for various buffer components
while DMA is nearly insensitive to chloridd<gy =1 M™1).
Obviously, stabilizing the positive charge of the nitrogen
by inserting substituents with electron donating properties NaHPQy/Nar,PO; 7.7 (0.8332)
.. . . .. MOPS-sodium salt 53 (0.995)
at the 9-position leads to chloride-insensitive compounds. jepes-1 M NaOH 51 (0.997)
However, it has been reported that the 9-position of acri-
dine is electron deficient and suspect to nucleophilic attack *R? value (correlation coefficient).
at this position [25]. Consequently, the reactivity of this po- ]
sition is increased when substituted with an electron with- concentration of background electrolyte tends to screen the
drawing group. MAMC was reported to be converted to POSitive charge of the bis-acridinium moiety.
9-hydroxy-10-methylacridane-9-methylcaroxylate by addi-
tion of a hydroxyl group at the 9 position [26]. Fluorescence 4.3. Buffer-dependent fluorescence quenching of lucigenin
shifts from green to blue displaying\amethylacridone sim-
ilar spectrum, and hence, loosing its chloride-sensitivity. Be-  The lifetime data of lucigenin in a phosphate buffer,
cause of the reactivity at the 9-position of MAMC and the 3-[N-morpholino]propane sulfonic acid (MOPS) buffer,
low chloride-sensitivity of DMA, MAC and NPBA, these and N-2-hydroxyethylpiperazin&¥-2-ethanesulfonic acid
acridinium derivatives are not further investigated. (HEPES) of various concentrations adjusted to pH 7.1
The Stern-Volmer constanKgy) is affected by the ionic ~ were tested. The quenching of fluorescence of 6-methoxy-
strength [27]. Quenching efficiency becomes smaller, if the N-(3-sulfopropyl)quinolinium (SPQ) by HEPES was re-
ionic strength of the solution increases. Dissolving the dyes cently described in the literature [11,28]. We found that
in a 5mM phosphate solution (pH 7.1) and adjusting the both HEPES and MOPS quench the fluorescence of luci-
ionic strength to 210 mM by adding the respective amounts genin. The decay time data are plotted as a Stern-Volmer
of sodium fluoride the Stern-Volmer constants decreases aslot in Fig. 6. The linearity of the plot indicates collisional
can be seen in Table 3. This can be attributed to the de-quenching with Stern-Volmer quenching constants of 61 and
creased probability of a collisional process because a high58 M1, respectively. The results are summarized in Table 4.

Buffer components (pH 7.1) Ks[M™Y
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Fig. 7. pH calibration plot of a 2Q.M lucigenin solution. The pH values are adjusted (A) with N&&@/NapHPO4, and (B) HEPES/1 M NaOH.

The decrease in fluorescence decay time on exposureand therefore are compatible to the cheap blue LED and
to phosphate buffers of various concentrations did not avoid autofluorescence of biological samples. Quenching
obey the Stern-Volmer law. This deviation from the linear of fluorescence by bromide and iodide deviates from the
Stern-Volmer plot indicates that the quenching mechanism linear Stern-Volmer plot indicating additional quenching
is more complex than a simple bimolecular collisional processes, such as static quenching. Fluorescence is hardly
mechanism. guenched by fluoride, nitrate, sulfate, and pH in the range

Fig. 7 shows the pH titration plot of lucigenin dissolved of 4-10. However, organic buffers like HEPES and MOPS
either in a phosphate buffer or HEPES buffer. Fluorescencedisplay distinct dynamic quenching.
of lucigenin is insensitive to pH adjusting it with a phosphate
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