[ I L I SR X CET

e S

= = e o em e

e - S

Univ. Coll. Ann. Rev.

vol 17 (1992).

1
FLUORESCENCE QUENCHING OF FLUORENE AND AZAFLUOQRENE COMPOUNDS

BY SOME PYRIDINE AND QUINOLINE N-OXIDE DERIVATIVES

By
M. M. ABO ALY

Chemistry Department, Faculty of Science,

Ain Shams University, Cairo, Egypt

ABSTRACT

The electronic absorption spectra of 4 - nitropyridine
N-oxide (4-NO, PYNO), 4-chloropyridine N-oxide (4-Cl PYNO),
quinoline N-oxide (QuNO), 4-chloroquinoline N-oxide (4-C1
QUNO)} end 4-nitroquinoline N-oxide (4-NO QuNQ) have been
recorded in different organic solvents in the U.V. and visible
regions. Pyridine and quinoline N-oxide oompounds are found
to be strong quenchers for some organic fluerescent molecules
such as fluorene and azafluorene. From the fluorescence
measurements, sbtern-velmer quenching constants (Kev) are
determined. Quenching mechanism is explained in terns of

electronic charge trﬁnsfer and energy transfer procesases.
INTRODUCTION

Though much work hes been done on the solvent influences
on the electropic spectra of pyridine and gquinoline deriva-

tiyes; less work has been done on similar studies on pyridine
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end gquinoline MN-oxide derivatives, We have previoualy
reported a vibrational study concerning the laser Raman and
infre-'re_d spectra of (4-Cl PYNO) and {4-NOy PYNO) {311, The
Present investipgation is devoted to attribute the electronic
transition, to observed abscrption bands of the studied
compounds. The solvent effect on these electronic transitions
eapecially those of intramelecular charge transfer, has been
interpreted. We have likewise recorded the flucrescence
spectra of the twe campounds fluorene and ezafluerene. A
quenching study of these two compounds by the pyridipe end

guinoline-N-oxide derlivatives are enalysed and explaipned.

Experimeatnl

Measurements:

Electrenic absorption spectras were recorded on a Perkin-
Elmer Lambda 33 double beaw spectrophotometers in the
wevelength range 4b60-200 nm ueing 1 ecm quertz cells.
Fluorescence B5pectra were recorded on Shicadzu RF 500
inatrument using ethenol ers solvent.

-

Materials;
The pyridine and quinoline N-oxides were prepared as
described by E. Ochiai [2)}. Pure fluorene and azafluorene

were purchased from L. light & Co. Ltd. England and Aldrich

respectively and used as received.
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RESULTS AND DISCUSSION

Electronic spectra of sone pyridine and guinoline N-oxides:
The observed spectral data concerning the absorption
bands with their assignments are summariged in Table 1.
Generally the spectras of all studied pyridine and quitnoline N-
oxidee exhil.il two bands, in the wavelength range 200-255 nm,
and 285-380 nm. The first peak is e strongd solvent
independant band and attributed to an electronic transition of
n-r% type (3,4]. The higher wavelength band {259-38D pm) is
essigned to an Intramolecular:. charge transfer band (ICT)
within the whole melecule. In such systems ICT acquires a
lower excitation energy (higher wavelengths) as.the elactron
withdrawing power of the substituent is incrgased [5,6],
therefore, the largest A max is in case of l4—NOa PYNO) and
(4-NO, QUNO). One notes also that 3 max {ICT) in water
solvent follows the following trend:
Amax (4-Cl PYNO)<Amax (4-NO, PYNO }=dmax { QUNO ) <Amax {4-NG, QUNO)
Horeover, in case of hydrogen hbonding Bolvents,
protonation of the negative charge on the oxygen atom
decreases the electron density available for this atom as
shown by CNDO calculation (1,5,7}, thus mnore energy is
required to cause excitation and A max is observed at lower
values. This blue shift has been observed in analogous

compounds [5,6].
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Emission spectra of fluorene and agafluorene. Quenching by
some PYNO snd QUNO derivatives:

The spectra of fluorene and azafluorene quenching have
been recorded in elhanol {Figa. 1 and 2). Fluorene absorbs at
AAbs. = 296 nm and fluoresce at AF = 313 nm. Azafluorene
absorbs at 1Abs. = 345 nm and fluoresce at AF = 377 nm. A
drastic inhibition in the fluorescence emission of the two
compounds is observed when a dilute solution of the quenchers
are added. The quenching process fellows the Stern-Volmer
equation Fa/F = 1 + Ksv [Q) where F and Fo are the relative
fluorescence inteneities in pregsence and in absence of the
quencher of concentration ([Q]. Kev is the Stern-Volnmer
constant. Kav values are determined from the slope of the
Fo/F vs [Q) linea. The obtained Ksv values in ethanol are

given in Table 2.

Quenching Mechanism:

Over the laat few years considerable interest has been
devoted te study the fluorescence quenching of aromatic
hydrocarbons by various types of inorgenic and organie
quenchers [8,9,10). Anthracence fluorescence for example is
quenched by pyridinium ien in both inter and intramolecular
processes [8] and the guenching rate conetants depend upon the
electron affinity of the acceptor, Concerning our results, we

have not cbserved any charge transfer band between (4—Nq
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PYNO), (4-Cl PYNO) as donors and icdine as acceptor which
indicates that these two derivatives have weak electron
donating character. Likewise, in all studied solutiens of
fluorene and agaflucvrene, neither the absorption wavelengths
nor the emission ones are practically changed by quencher
addltion, excluding the possible formption of a ground or
excited state complexes.

By examining the results of Table 2, we observe the

following:

i. In case of agzafluorene, the highest Esv value is
obtained for (4-NQ; QUNOC}) . Also (4-NO, PYNO)
atrongly quenches azafluorene, whereas no guenching
occurs when uzing (4=C) and 3-OM PYNO) as quenchers
{Table 2). These observations suggest that
quenching may occurred through electron or charge
tronafer mechanisms.

ii. The trend observed from Ksv values for fluorene is
gimiler to that of azefluorene when PYNO
derivatives have heen used as quenchers, However
{4-NO, QUNO) weakly quenches fluorene in particular
when compared with {QUNO} {Table 2) which indicates
that an electron transfer mechanism is not the sole
only the factor determining the quenching process.

The other mechanism which can bz operative is the energy

transfer (ET) one. ET quenching pathway is more efficient by
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increasing the spectral overlap between the fluoreacence band
of the donor and the absorption band of the acceptor. It was
found, that the ET rate incrcases by increasing the overlap
integral between the emission spectra of benzene as a donor
and the sabsorption spectrum of some aromatic hydroecarbons
(chrysene, phenanthrene and naphthalene) as acceptors [11].
Our results (Table 2) show that Ksv wvalues increage by
increasing the overlap mentioned above. In case af
azafluorene the highest two Esv values are obteined for the
two quenchers (4’}40z QUNO)} and (4—]’00; PYNO). For fluorene, the
highest Ksv values are obtained Ffor (4-NO, PYNO) and (QUNO).
It is very interesting to note that the Ksv values for the
last two quenchers have been inverted when azafluorene is
changed intoe {fluorene. This last observation strongly
confirms the impertant contribution of (ET) process as a

quenching route.
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Tuble 1: The electronic spectra of some pyridine and
quinoline N-oxide derivatives.
a) b) cCl GyH,0H CH,0R 0 Aseignment
Compound Imax log E | Amax log E | dmax log E | lmax log E
4-RO, Fy N-0 | 250 233 231 227 r-n
337 4.270 | 322 4,30 |338 4.276 | 310 4,088 | (ICT)
4-C1 Py 8-0 | 248 207 223 209 w-r
278  4.188 | 267 4.152 277  4.170 | 259 4.203 | (ICT)
Qu N-0 257 229 229 229 f -
330 3.66 |S15 3.720 |315 3.ea5 | 312  3.680 | (ICT)
4-K0, Qu ¥-0 | 265 256 253 249 -
380 4.176 | 376 4.026 [ 376 4.160 | 365 3.840 | (ICT)
4-Cl Qu §-0 | 252 220 218 222 LE-x
355 3.960 | 330 328 3.920 | 320 3.800 | (ICT)

a) See text for the name of the compound

b) lmax: mbsorption maximun wavelength in nm

e) ICT=

intramolecular charge transfer
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Table 2: RQuenching of fluorene and azefluorene f{luorescence by

some pyridine and quinoline N-oxide derivativesd.

Pluoresce: Quencher 1:2x {quencher} log Esv (1 molqj
Fluorene Qu N-O 313 | 4.143

4-N0’ Qu N-0 370 3.944

4-Cl Qu §N-0 330 3.736

4-N01 PY N-O 322 4.477

4-Cl PY X-0 267 3.845

3-0H FY K-0 297 3.670
Azafluorene 4-%0, Qu K-0 370 4.37¢

4-C1 Qu N-0 3o 4.158

Qu N-0 313 3.803

4-NO; FY R-O 322 4.342

3-DH PY -0 297

a-C1 PY N-D 267 No quenching j’

a) Measurements are taken in ethanol as a solvent,

Maximus sbeorption of fluorene and azaflucreme are
296 and 345 nm respectively.
b) Maximus of the {luworenscence peaks of fluorene and

azafluorene are 313 and 376 nn respectively.
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: Fluorescence guenching spectra of azafluorene
in EtOH by guinoline N-oxide.
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