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XUMHA. OU3IUYECKAS XHMHSA

BIAUSTHUE CAMOTOMIOIMEHHS HA KBAHTOBBIA BRIXOJ
(1-HAOTHJIAMHH) MOJIEKYJIBI B PASJIHYHBIX PACTBOPHTEJISAIX

Baand C. Adoyr Baxad, Axyd M. Jucasad,
xaghedpa dusuxu ihaxyremema ecmecmsennbx nayx Yiusepcumema Ans-Mycmancupu, Hpar,
Ann 0. Myxcen,
xagedpa pusuxu nedazosuvecxozo gaxyremema Hon Xation Yuusepcumema Basurona, Hpar,
Moxasmmed Hoaan,
kaghedpa xumuy daxyremema Hayxu dns deeonex Yuueepcumema Basunona, Hpax

ARHoTaUHSA

CrexTpst ayopecugHiiy i1s |-HadTHIaMHHOBOTD PACTBOPA HIMEDAIH H HCCNSADBATH B 3aBH-
CHMOCTH OT KOHUSHTPALMM IEXCAHA M 2TaHoNa (KOTOPLIE SBAAKTCA PACTBOPHTEIAMH) NPH MIHHC
BonHe! o3fysaenna (A= 313nm), a Taroxe Gb11 PACCUHTAH KRAHTOBLIH BLINO] (P.,,). Kpanmosiiid
Bexon pased (D, =0.35) u (D, =0.29) nns pacTRopa |-HAdTHAAMKHA B NEXCAHE U ITAHOIE NpH
wonuenrpauay (10°M) , (B, =0.37) 1 (@, =0.31) NpH KOHUEHTPALHH (10°M), (P, =0.36) 1
(@;,, =0.30) npn xonuerTpaumy (10-M), COOTBETCTBEHHO. IHAUEHHA KBAHTOBOTO BLIXOAA Pasim'i-
HEL, HTO CBAZAHO © MPPEKTOM caMONOrIoUeHHs SaNeHH. B aonoanenye, JHAUCHHE KBANTOBOMO
BhIXOfA GRIN0 PACCHHTAO 110 CPABHEHHID €O CTAHIAPTHEIMH COSAMHENHAMH AHTpALICHA © KBAHTOROH
abhexTHBHOCTEIO (Q.,, =0.27) nipu To#l e aanne sone so3Byxaenna. Bee mimepenna Guunu npo-

BEOSHB MPH KOMHATHOR TeMmepaType.

Keywords: fluorescence spectra, Naphtyl amine derivaties, absorption.

Many of researchers used this method such
as J.B. Birks and J.B. Aladekoman "), calculated
the quantum efficiency of aromatic compound.
T.5. Ahn ®land et.al. in 2007, study self-
absorption correction for solid-state
photoluminescence quantum yield obtained from
integrating sphere measurements. A.K. Gaigalas
and Lili Wang P!, in 2008, study the measurement
of the fluorescence quantum yield using a
spectrometer with an integrating sphere detector.
Ryszard Misiak ¥ and et.al., in 2011 study self-
absorption correction and efficiency calibration
for radioactivity measurement of environmental
samples by gamma-ray spectrometry.

Fluorescence is a radiative process when
molecules transition between states of the same
multiplicity (8,>S.). But when molecules
transition between states of different multiplicity
is described as phosphorescence (T,>5,). While
non-radiative processes occur when molecules
transition between isoenergetic vibrational levels
of different electronic states. A radiationless
transition between states of the same multiplicity

is described as internal conversion.l’l One
between states of different multiplicity is
described as intersystem crossing as shown in
figure[1].

A photophysical processes is defined as a
physical processes (i.e. one which does not involve
a chemical change) resulting from the electronic
excitation of a molecule or system!”), and the
photophysical processes are divided into two types
non — radiative processes and radiative processes.
The radiative processes is the process of transitions
of the molecule from a higher to a lower electronic
state by the emission of 2 photon. When a radiative
transition between states of same multiplicity is
described as fluorescence, a radiative transition
between states of different multiplicity is
described phosphorescence 1. the fluorescence
is a radiative process resulting from the transition
of molecules between two electronic states having
the same multiplicity with short lifetime are
typically (10* sec) which a spin-allowed
processt®l, There are many processes bimolecular
which commonly compete with fluorescence
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emission {(and internal quenching)
in solutions, and thereby modify the
fluorescence characteristics. This

s

e ; 2
processes are collision impurity

guenching, concentration quenching,
energy transfer quenching and self-
absorption quenching®®.The self-
absorption quenching is in principle,
an increase in the concentration of the
fluorescence solute in a given
material should be accompanied by
an increase in the emitted light
intensity. This i1s due to the
corresponding increasc in the
absorption cfficiency. This is due to

@

S,

"

i s,
the corresponding increase in the
absorption efficiency. However,
such behavior only occurs up to a certain critical
concentration of the fluorescence solute. Above
this concentration, the fluorescence intensity
starts to decrease, This process is known as
concentration quenching of fluorescence %)

There is commonly an overlap of the (0-0)
bands of the fluorescence and absorption spectra.
The spectral overlap may be considerable and lead
to self-absorption of part of the fluorescence
emission. 1%

The molecular fluorescence quantum
cificiency (qg,) is defined as the ratio of the
number of fluorescence photons emitted by a
system of molecules in dilute solution to the
number of molecules excited into §,(the number
of absorbed photons). Where K, K, the rate
parameters of radiative emission and non-
radiative by internal quenching respectively. The
quantum efficiency equal to:f"l

Kew Ty

e

F [

(N

Ty the molecular fluorescence lifetime of the

excited state is defined by the average time that

melecule spends in the excited state prior to return

to the ground state is equal to;
1

'E.FZH' + Kﬂ:r

L,

= @
the lifetime of the fluorescence in the absence of
non-radiative processes is called the intrinsic or
natural lifetime and is defined as the reciprocal
of the radiative transition probability kg, (in$")
is given by:'

Fig.(1): Jablonski diagram.[®!
1

diale @)

EM
The quantum efficiency (g, ) is called
quantum yield @, at quantum efficiency in
higher congentration for solute, overlap of the (0-
0) bands: of the fluorescence and absorption
specira, availability of a impurity in solution,
ocourrence energy transfer ifthe solution contains
amolar concentration of an aromatic impurity and
availability of any parameters effect on quantum
efficiency as in (§2.8).'"Y1 The equation (1)
becomes,

£
Koy +Ky+ Ky, (4)

Where K, : represented any rate parameters
effect on quantum efficiency.

Consider a fluorescence system with
fluorescence quantum efficiency qg,, and lifetime
[(m)],,) in which (a) is the probability of self-
absorption of an emitted photon, so that (1-a) is
the photon escape probability. Photons which are
absorbed are re-emitted with quantum efficiency
(qg) and lifetime (7). The quantum yield
[(D)],,) of the escape of the fluorescence is given
byl

0, =

qrat1-a)
@ =JFMil=a)
e (3)
£ 1 Tu
B (6)

{lﬂﬁ]xm + Ky, i l-ag,,

2013 Ne 3-4

OBBEAWHEHHGLIA HAYYHEIN KYPHAN

47



XUMHA. PHIHYECKAS XUMHA

o
a=im
A m

Where AT and A represent the area under
the fluorescence spectrum of the concentrated and
diluted solution, respectively. Are normalized in
the low fluorescence spectrum.?!

The quantum yield caleulated by the method
of comparison with compounds of known
quantum yield from using this equation:1*!

(e
¢n 3 Q}Fr ‘I'[:j_'_x]

where: n, n, : is the refractive index for standard
and unknown compound , @, @ : is the
quantum yield of unknown and stander
compound, A, A_: is the absorbance of standerd
and unknown compound, I{X ), I{A): is the
wavelength excitation of unknown and stander
compound and D, D : is the area under the curve
of fluorescence spectrum of unknown and stander
compound, respectively.

(8)

Experimental section

The solution of 1-Naphthylamine in (hexane
and ethanol) prepared at concentration [1x10°
31x104,1x10% and 1x10°)M. (INA) purchased
from Uma Company imported from India.

Fluorescence spectra were recorded on a
(JASCO- model-FP-770) spectrofluorometer;
samples were mounted in cubic cell of quanz
dimensions (1x1%5) em? at right angle 90° with
incident beam, The fluorometry has dedicated
computer which control instrumental operating

0.8 — | A b € 0,80
fo7 | @ —ilime  §070
E 0.6 e L Eu,su

05 et fps

04 0,40

03 | 0,30

bz 0,20

0.1 0,10

uam 420 ™ hneh e 0,00

{excitation and emission wavelength, scan,
monochromator slit width, detector parameter)
and the acquisition of spectral data.

The exciting wavelength (A_= 313nm) is
used in the measurements and there slit width of
excitation (3_,=1.5 nm) and of emission (S, =3
am). The measurements were made in the same
sensitivity of photomultiplier, The anthracene was
used as a standard compound dissolved in ethanol
with concentration [10]M and quantum
efficiency equal to (gg,, = 0.27), measurements
were al room temperature.

Results and Discussions

The Ruorescence spectra of anthracene
solution is used as a standard compound dissolved
in ethanol with concentration [1x10°* M). Thus,
the solutions of (INA)dissolved in hexane and
ethanol are studied as be shown in figure(2), with
concentration [1x10%,1107%,1x10-%and 1x105]M
and observation the effect of increasing

concentration in the form of the fluorescence

spectrum as well as calculation of quantum yield.
NH>

Anthracene (C, H ;) 1-Naphthylamine (C, H.N)
Fig. (2): Chemical formula of compounds.

In the figure (3-a and 3-b) the peak of the
fluorescence spectrum located at wavelength
(A =378 nm) in hexane and (k=426 nm) in
ethanol.

e [ MA-gthaeol C
=" -
= NA-rhand
=] * 10"
m— | A -gihens O
=] i M
IMA=erhaned ©

(b)

famj

320,

Fig.(3): fluorescence spectra of 1-naphthylamin

00 420,00 2 :
¢ in{(a) hexane and (b) ethanol ) at conceniration

(1x10°M, 1x10°M, 1x10°M and 1x10°M), (%,,=313 nm).
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The table (1) shows the values of quantum
yield (@) with concentration of (INA) solution
in hexane and ethanol, by using the relation (8).

Table (1): The guantum yield of (1NA) solutions in

hexane and ethanol
[M] mol The Solvent | Dy
Ix10* hexane 0.345
ethanol 0.2%
x107 hexane 035
ethanol 0.29
10 hexane 0.37
cthanol 0.31
12107 hexane (.36
ethano! (.30

The figure (3) and table (1) shows the relative
fluorescence intensity increase with increasing the
melar concentration, but at the concentration
equal to [1x10°M ], the relative fluorescence
intensity decreases. The decreasing in the relative
fluorescence intensity and quantum yield arc
caused by the phenomenon of the self-absorption.

The self-absorption leads to the decrease in
the value of quantum yield which is equal to
(D, =0.37) of (INA) dissolved in hexane and
(D, =031) of (INA) dissolved in ethanol at
concentration [1x104 M], by using the relation
(8), and correcting the value of quantum yield by
calculating the probability of self-absorption (a)
by using the relation (7}, where (a) equal (0.778)
and (0.475) in hexane and ethanol, respectively .
where the fluorescence spectrum at concentration
[1x10*M], calibrated with fluorescence spectrum

65 ek 455

rnleag Cuw)

at a concentration [ 1x107 M] at wavelength (410
nm) of (INA) dissolved in hexane and (475 nm)
of (INA) dissolved in ethanol , which is far from
the region of overlap under constant conditions of
excitation wavelength, geometry, slit width and
other instrumental setting. After compensation for
the value of (a) and value of quantum yield in
equation (3) where the resulting is the corrected
quantum yield. Whereas value of quantum vield at
non-correction the fluorescence spectrum of (1INA)
solution in hexane at concentration [1x10-? M] are
equal to (D, = 0.35) in hexane and (D= 0.29)
in ethanol.

When comparing between (1 NA) solution in
hexane and ethanol, the quantum yield and the
relative fuorescence intensity in hexane is greater
than of the ethanol solvent because the polarity
of hexane is less than of ethanol, but the self-
absorption phenomenon of solution in ethanol is
less than of the hexane solvent, whereas the Self-
absorption decreases (the probability of self-
absorption (a)) with the increase of solvent
polarity because of the shift result of the
fluorescence spectra toward the longer
wavelength. When the shift of the fluorescence
spectra increased, the overlap between the
absorption and fluorescence spectra decreases.
This decrease in overlap leads to decrease in the
Self-absorption, as shown in figure (4).

Conclusions

Reduced intensity of fluorescence spectrum
and the quantum yield with increased an molar
concentration for 1-naphthylamine because of the

IWM

265 355

Fig. (4):absorption and fluorescence spectra of 1-naphthylamine in a)hexane and
bjethanol at concentration (1x107*M and 1x10*M), (A_=313 nm).
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phenomenon of self-absorption of emitted molecules as a resull that increase in radiationless
photons before leaving the solution by the processes and decrease radiation processes
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Mocmynuna & pedaxywo 21.03.2013.

METO/ BOJIBTAMOEPOMETPHYECKOT'O OINPEAEJEHHA
MAPFAHIA B BOJAE U HCCJIENJOBAHHE
GUINYECKHX U XUMHYECKHX CBOHCTB MAPTAHLIA

Axmed Moxammed AGdyana, Jocyxaiing Myamacen baraax Taxa,
MEZUCTP XUMUNECKUE HAYK , MGZUCTP PUIUNECKUXHAYK
paxyrbmema nayk Ynusepcumema Myemancupus,
Texnonozuveckuii ywusepcumem Hpaxa, 2. Bazdad, Hpax,
couckamenu Mockogckozo zocydapcmeenngzo yrusepeumema
mownxux xusmurecxkux mexyorozull ww. M B. JTomonocosa (MHTXT)

AHHOTANHSA

Mapraset] UIHPOKS HCNONBIYETCA B NPOMBILIISHHOCTH, Chn HezaMeHnM B MPOHIBOIACTES CTAMH.
B HHIKHX KOHUEHTPALHAX OH TAKMKE HEODXOIHM V1S HOPMABHOTO YHKIUHOMHPOBAHHA JKHBLIX Opra-
HHIMOE. B TO%e BPEMA MAPraHell, KAK i BCC TAME/BIC METANIE!, ARIACTCR TokcHaHe 210M. Hi-1a
€10 HPOKOTD MPHMEHEHHA B MPOMBIILISHHOCTH BOIMORKHE! CTy4ak orpaenenna. [ina cnewetns 3a
KOHUEHTPALIMAMH MEPTaHLUA B OKPYAIOWER Cpee HEoGROIIM TOTHBI 1 HAKEHIEI METON 210 KO-
HYCCTBEHHOTD onpeaencHnd, B HacToAulee BPEMA HENONLYIOT ABA METONA MOMHMECTBEHHONO OM-
PEACICHHA MAPFAHLA: KOMINEKCOHOMETPHA U aromno-abecopbunoniisii meton, [Tepsbiil 03 NepesHe-
CHHBIE METONOE ABARETCA THTPHMETPHUECKHM H HE MOMKET ONpPEENsTh CIEA0BbIC KOAWYECTRA, OF-
peeneHnE MAPrAHLA BTOPEIM METOZOM COMPAAKEHO CO MHOTHMH TPYIHOCTAMH H ABTIETCH BEChMA
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