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ABSTRACT

Absorption and fluorescence spectroscopy techniques were applied to investigate the photophysical characteristics of acridine orange (AO) dye in solvents that
included distilled water, dimethyl sulfoxide (DMSO), acetone and ethanol in various concentrations (1x10-4—1x10-6) M. All of the samples were served at room
temperature. The relationships between various parameters describing the strength of optical transitions in atoms and molecules were reviewed. This study
expresses various viewpoints by describing how concentration and solvent affect the dye’s absorption and fluorescence spectra. The absorption spectra of AO
exhibita band at (490 nm), except for DMSO, which shifts more towards red by 5 nm. The fluorescence spectra show a blue shiftin AO aqueous solution around
6 nm until (0.5x10-4) M, followed by a red shift at around 7 nm at (1x10-6) M. There is a blue shift in (1x10-5) M for DMSO at around 4 nm, then a 10 nm red
shift in higher concentrations as well as a 9 nm red shift in acetone and 6 nm in ethanol. Adding magnesium oxide nanoparticles (MgO NPs) quenched AO in
both absorption and fluorescence spectra, whereas maximum fluorescence and intensity increased when aluminium oxide nanoparticles (Al203 NPs) were
added to the solution.
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1. Introduction

Acridine is a cationic dye that shares a common aromatic structure with
multiple acridine dyes (Sharma er a/ 2003). Acridine has various
applications in  fluorescence microscopy, endomicroscopy,
intraoperative, fluorescence guidance, photodynamic therapy,
sonodynamic therapy and radio dynamic therapy (Byvaltsev eral 2019).

Acridine derivatives form an important class of heterocycles containing
nitrogen due to their broad range of pharmaceutical properties. In the
nineteenth century, acridine derivatives were used industrially as
pigments and dyes. More critical to the pharmaceutical industry,
acridines are used as dyes, fluorescent materials for visualisation of
biomolecules and in laser technologies. The properties of acridines are
attributed to their semi-planar heterocyclic structure, which
appreciably interacts with different  biomolecular targets.
Acridine/acridone derivatives are found in natural plants and various
marine organisms (Kowalewska er a/ 2017).

The S;—>S;and S;—S, bands in acridine orange (AO) are red shifted
in polar solvents compared to non-polar solvents, indicating that the
transitions are TT—>TT* in nature. The ground state has a higher charge
character than the excited state. In contrast, the S, —> S; bands are blue-
shifted in polar compared to non-polar solvents (Sikiru er a/ 2016).

Nanomaterials, particularly metal and metal oxide nanoparticles, are a
special class of materials with unique physical and chemical properties
that have a wide range of applications. Magnesium oxide nanoparticles
(MgO NPs) have been used in electronics, catalysis, additives, ceramics,
photochemical products, paints and medicine (Musarat er a/. 2020).
Engineered aluminium oxide nanoparticles (Al,O; NPs) have
commercial potential in catalysis, polymer modification and heat
transfer fluids (Sunandan er a/ 2013). Kumar er a/ (2018) investigated
the use of MgO as the adsorbent for methylene blue (MB) removal. Itis
also possible to extract spectral information from the adsorbed
compounds using nanoporous aluminium oxide, as demonstrated by
Hotta eral (2010).

Absorption and fluorescence spectra reveal significant changes due to
aggregations, which can be useful as the parameters change when the
concentration of AO decreases. This study aims to characterise AO’s
absorption and fluorescence properties as a function of its
concentration by calculating the quantum yield, extinction coefficient,
Stokes shift, radiative lifetime and fluorescence lifetime. As AO is used
in medical applications and MgO and Al,O; are used in industrial
applications at low cost, metal oxide nanoparticles were added to the
AO water solution and studied as a new work.

2. Experimental Work

2.1 Materials:

AO (Cy;H19N31/2ZnCl,.HCI, molecular weight 369.94 g/mol) from
Qualikems Fine Chem Pvt. Ltd. was dissolved in distilled water,
dimethyl sulfoxide (DMSO), acetone and ethanol. Distilled water
(H,0) with (10.2) polarity and DMSO (C,HsOS) with (7.2) polarity
(Lide, 2010) were procured from Greyhound Chromatography and
Allied Chemicals. Acetone (CH3COCH3) with (5.1) polarity (Lide, 2010)
was acquired from HI Media Laboratories Pvt. Ltd, and ethanol
(C,HsOH) with (4.0) polarity (Lide, 2010) was procured from Finchley,
London. The solvents were supplied with 99% purity in terms of mass
percentage.

Magnesium oxide (MgO with an average diameter of 40 nm and 99.9%
purity) was obtained from Intelligent Materials Pvt. Ltd. Alumina oxide
(Al,05 with an average diameter of 20—30 nm and 99.9% purity) was
obtained from China.

2.2 Preparation of Samples:

AO dye solution with a primary concentration of (1x10%) M was
prepared by dissolving appropriate amounts of dye (weighted by a
Mattler balance of 0.1 mg sensitivity) in the solvents. The amount of
dye, m (in ), was calculated using equation (1) (Al-Kadhemy er al.
2020):
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where M, is the molecular weight of dye (g/mole), V is the volume of

the solvent (ml) and C is the dye concentration (M), which was then
diluted to get concentrations in the range of (1x10%) M to (1x10°) M
as shown in equation (2) (Krolenko er a/ 2006; Saeed et al. 2020).

Cl Vl = CZ VZ (2)

where C; is high concentration, V; is the volume before dilution, C; is
low concentration and V, is the total volume after dilution. It was noted
that the prepared solutions had good homogeneity.

Nano (MgO and Al,05) was added to the dye solution in 0.002 g and
0.004 gamounts. The mixture for both nanomaterials was added to the
dye solution to investigate the best number of nanoparticles to enhance
the photophysical properties of the organic dye. All of the samples were
prepared using a hot plate magnetic stirrer until the (MgO and Al,05)
nanoparticles were diffused homogeneously through the AO distilled
water solution. All of the samples were keptin a dark place to avoid any
possibility of photo-bleaching or the dye fading. The samples were used
immediately after preparation.

Spectrophotometric measurements were taken with a UV-Visible
spectrophotometer (T70/T80) and (SHIMADZU RF-5301pc) for
absorption and fluorescence spectra for all samples, respectively. All of
the figures were created with Origin Pro 2019b.

3. Theory and Calculations

The intensity of light absorption at wavelength A by an absorbing
medium is characterised by absorbance A (A) or transmittance T (A),
defined as (Valeur 2012):

AQ) = log 7} = ~log(2) ®)

where lo and | are the light intensities of the beams entering and leaving
the absorbing medium, respectively. In many cases, the absorbance of
asample follows the Beer—Lambert Law (Valeur 2012).

AQ) = logII—" =eWIC @)
where €(A) is the molar absorption coefficient that represents a
molecule’s ability to absorb light in a given solvent (commonly
expressedin Lmol™ cm™), Cis the concentration (in M) of the absorbing
species and L is the absorption path length (thickness of the absorbing
medium in cm). According to classical theory, molecular absorption of
light can be described by considering the molecule as an oscillating
dipole, which allows us to introduce a quantity called the oscillator
strength (f), which is directly related to the integral of the absorption
band as follows (Dihingia er a/ 2019):

mC? N =
f=2303 Nomein — fe(@)dv (5)
where m and e are the mass and charge of an electron, respectively, Co
is the speed of light, n is the index of refraction and Vs the
wavenumber (in cm™). Oscillator strength, f, is a ratio that compares the
strength of the transition with that of a bound electron behaving as a
3D harmonic oscillator. For strong molecular transitions, f values are
close to 1 (sometimes they even slightly exceed this value). For weak
transitions, f values can be several orders of magnitude lower than 1
and as low as 10, For n — Tt * transitions, the values of € are in the
order of a few hundred or less and those of f are no greater than ~10°
*. For TU—> TU * transitions, the values of € and f are, in principle, much
higher (except in symmetry-forbidden transitions); f is close to 1 for
some compounds, which corresponds to values of € that are of the
order of 10°. f is a dimensionless quantity (Birks 1973).

Fluorescence quantum yield (@) is the ratio of the number of emitted
photons (over the entire duration of decay) to the number of absorbed
photons (Valeur 2012).

number of photons emitted __ [ Area under the fluoresence spectrum ( )

b=

number of photons absorbed - [ Area under the absorption spectrum

where the number of photons emitted and absorbed are in the
integrated area under the fluorescence and absorption spectrum,
respectively.

Radiative lifetime (TFM) has been related to the extinction coefficient
using a variety of formulas. Bowen and Woks' method is the easiest to
utilise (Valeur 2012):

1 _ — —\ 31—
— =288x10 on? vi[e(V)dv ?)

FM
where ([8 (17) dﬁ) is the area under the curve of the molecular
extinction coefficient plotted against the wavenumber, VU is the
wavenumber of the maximum in the absorption band and n is the
refractive index of the solvent.

Then, fluorescence lifetime (Tg ) is obtained using the following
equation (Valeur 2012):

T = pTeMm (8)

Stokes shift (AV) is the term used to describe the difference in the
wavelength at which a molecule emits light and is relative to the
wavelength at which the molecule was excited (Al-Kadhemy and
Nasser 2018).

AV = Vs — ﬁflu. )
Thisimportant parameter can provide information about excited states.
For instance, when the dipole moment of a fluorescent molecule is

higher in an excited state than in a ground state, the Stokes shift
increases with solvent polarity (Takashi er a/ 2010).

The full width at half maximum (FWHM) is calculated by knowing the
half intensity of absorption or fluorescence spectra that determines the
half-width of spectra by slipping towards the x-axis, which represents
the wavelength in nanometres (Lewkowics 2006). The FWHM is the
function of the possibility of tunability in the active medium laser.

4. Results and Discussion

The absorption spectra of AO laser dye in different solvents (distilled
water, DMSO, acetone and ethanol) at various concentrations (1x107,
0.5x10,1x10%, 0.5x10°and1x10°) M is illustrated in Figure (1). The
maximum excitation and emission (A,,,) for standard AO (in aqueous
solution) is (494 nm) and (525 nm), respectively (Krolenko ez a/ 2006).

Figure (1a) shows AO dissolved in distilled water. It is a noticeably wide
spectrum with the maximum absorption wavelength constant at all
concentrations at 490 nm and around 470 nm at the shoulder. This is
consistent with Krolenko er a/ (2006). The intensity of absorption
increases as the concentration increases. A further increase in
concentration leads to a decrease in the absorption band at 490 nm,
and the shoulder increases at 470 nm, which can be assigned to the
dimer and monomer (Falcone et a/ 2002; Markarian and Gohar 2015).

This can be observed in Figure (1b) where AO is dissolved in DMSO,
which is less polar than distilled water. The same behaviour is noticed
for maximum absorption wavelength, which is unchangeable with
increasing concentrations, but a red shift occurs and becomes 495 nm
compared to the water solvent. Absorption intensity increases with
increasing concentration, which is in agreement with Markarian and
Gohar (2015). In both of the solvents mentioned above, the FWHM
decreases with increasing concentration, and the spectra become
narrower. The physical and chemical characteristics of DMSO are
unique, and it has a higher polarity than both ethanol and acetone. It
has a high dielectric constant, making charge separation simple, and it
is soluble in a wide range of ionic, polar and polarisable molecules.
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DMSO is also a good solvent for olefin polymerisation because its
hydrogen atoms are resistant to being removed in free-radical
processes. DMSO solvates cations, in general, due to the increased
electron density of the oxygen atom and the steric availability of
oxygen. The basicity of DMSO is somewhat higher than that of water
because of the increased electron density near the oxygen atom.
DMSO's capacity to compete successfully for hydrogen donor
molecules is a key element in its influence on various reaction speeds.
As the reactivity of bases in DMSQ increases, a variety of base-catalysed
elimination and cleavage processes can be carried out at room
temperature or temperatures much lower than normal.

Acetone (Figure (1c)) and ethanol (Figure (1d)) have lower polarity than
water; therefore, the maximum absorption wavelength does not
change with increased concentrations of AO and remains at 490 nm
with the smaller shoulder at 470 nm. Absorbance increases regularly
with increasing concentration due to an increase in the number of
excited AO molecules from a ground state to the first excited state,
which aligns with Al Hussainey er a/. (2018). For both solvents, the
FWHM of absorption spectra (increase in acetone and decrease in
ethanol) increases the concentrations. Table (1) displays all of the
results that are discussed above.

Comparing the absorbance results for all of the previous solvents shows
that the maximum wavelength of absorption spectrum remains
constant, except for DMSO, which shifts more towards red by 5 nm.
Absorbance increases with the increasing polarity of the solvent and
has the highest absorbance for water with higher polarity.

Figure (1): Absorption spectra of AO in a) distilled water; b) DMSO; c) acetone; d) ethanol in various
concentrations
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Table (1): Absorption parameters for AO in different solvents with different concentrations

Solvents ( I\CA) }E:“';"")" Labs max Fx‘/:')v‘
1107 490 2.98 12.68
0.5x10" 490 123 58.81
Distilled water 110" 490 0.23 5293
0.5x707 490 0.11 5153
110 490 0.01 56.66
3x10° 490 0.80 56.67
<107 495 2.88 8.20
0.5x10" 495 1.84 4457
DMSO 110" 495 0.24 5393
0.5x707 495 0.15 5558
110 490 0.07 155.84
=10 490 0.52 5355
0.5x70°7 490 0.24 57.50
Acetone 1107 490 0.07 270
0.5x10° 490 0.04 170
Tx10° 490 0.04 35
1107 490 3.75 29.30
0.5x10" 490 1.44 4264
Ethanol %107 490 0.47 43.99
0.5x707 490 0.23 4495
110 490 0.08 5167

As aresultof fastinternal conversion from higher initial excited states
to the lowest vibrational energy level of an excited state, the emission
spectrum is independent of excitation energy (wavelength). The
vibrational energy level spacing in the ground and excited states of
many common dyes is similar, leading to a fluorescence spectrum
that strongly matches the absorption spectrum. This is because the
most optimal transitions of absorption and fluorescence are the
same. Figure (2) shows the fluorescence spectra of AO laser dye in
different solvents (distilled water, DMSO, acetone and ethanol) at
various concentrations (1x10%,0.5x10*,1x10°,0.5x10°, 1x10°%) M.
The detailed vibrational structure is usually lost, and the fluorescence
spectrum behaves as a broad band.

Figure (2a), which is related to the fluorescence spectra of AO
dissolved in distilled water, shows the effects of increasing the
fluorescence intensity with increasing concentration until
aggregation occurs at (1x10%) M. The maximum fluorescence
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wavelength decreases when the concentration increases from 1x10®
M to 0.5x10"*M (blue shift about 7 nm), then the red shift is obtained
(about 6 nm) for 1x10™*M.

Figure (2b), where AO is dissolved in DMSO, shows the effects of
decreasing the maximum fluorescence wavelength while increasing
the concentration; a blue shift occurs around 4 nm for 1x10°M, then
a red shift is shown for the higher concentration of 10 nm. The
fluorescence intensity increases with increased concentration, except
for 1x10"* M, where it decreased due to dye aggregation.

For AO dissolved in acetone (Figure (2c)), a red shift can be noted
(towards along wavelength) ataround 9 nm as fluorescence intensity
increases when the concentration is increased.

The maximum wavelength of fluorescence spectra of AO dissolved in
ethanol, as shown in Figure (2d), directly increases with
concentration and obtains a 6 nm red shift. Fluorescence intensity
increased until 1x10™* M, then decreased as a result of the formation
of dye aggregation. Inner filter effects and aggregation can reduce the
fluorescence intensity when fluorescent dye concentrations are high.
As seen from the fluorescence results of increasing acridine
concentration, photons generated at wavelengths corresponding to
the intersection between the absorption and emission spectra may be
reabsorbed (auto-absorption by solution), as shown in research by
Al-Kadhemy and Nasser (2018) (Albani 2007). For all solvents, the
FWHM of fluorescence spectra decreased when concentration
increased, as shown in Table (2).

Figure (2): Fluorescence spectra of AO in a) distilled water; b) DMSO; c) acetone; d) ethanol in
various concentrations
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Table (2): Fluorescence parameters for AO in different sol with diff ion:
C Adomax FWHM
Solvents o) ) ltuo. max. (nm)
1x10™ 536 3.85 55.58
0.5x107 533 5.60 56.74
Distilled water 110~ 530 2.33 60.84
0.5x707 539 0.47 67.98
ESI 537 0.18 86.27
3x107 529 11719 22.66
ESI 540 0.40 16.17
0.5x107 536 1.00 2022
DMsO 110~ 530 0.59 1533
0.5x707 535 0.30 24.08
ESI 534 0.32 19.74
<707 530 1.01 21
0.5x107 529 0.93 50.39
Acetone =107 527 0.41 18.09
0.5x707 521 0.22 1418
ESIO 521 0.12 5
=107 527 114 4801
0.5x107 524 16.6 5227
Ethanol 1x107 521 9.4 53.08
0.5x107 520 55 534
=107 521 27 546

The oscillator strength (f) counts how much of the total oscillating
potential is used for a specific transition. It was calculated from
equation (5), with all of the f results less than 1, so the type of
transition is TT — TL *, as shown in Table (3).

Asthe energy required for fluorescence emission transitions (see Figs.
(2, 3)) often becomes less than that associated with absorption, the
emitted photons tend to have less energy and are shifted to higher
wavelengths as a result. Stokes shift is a phenomenon that affects
almost all dyes in a solution. The quick decay of excited electrons to
the lowest vibrational energy level of the first excited state is the
fundamental cause of Stokes shift. Fluorescence emission is also
influenced by transitions to higher vibrational energy levels of the
ground state, resulting in additional excitation energy loss caused by
thermal equilibration of extra vibrational energy.

AO is a cationic dye that is protonated at a pH lower than 10, even in
aqueous-only solutions. An important property of acridine is that its
spectrum does not agree with Beer—Lambert law (as shown in DMSO
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and distilled water) due to molecular aggregation as a result of strong
dipole—dipole interaction in aggregate units. It should be noted that
the aggregates, particularly dimers compared to monomers, show
different photophysical and spectroscopic properties. In general, the
photophysical and spectroscopic properties of dye molecules depend
upon the aggregation type. There are numerous spectroscopic studies
regarding self-association and protonation of acridine in aqueous
solutions. This result is in agreement with Falcone et a/ (2006) and
Robinson eral. (1972).

To illustrate the overlap between absorption and fluorescence
spectra, the best concentration of acridine dissolved in distilled water
was (3x10°%) M, as shown in Figure (3a). The maximum absorption
wavelength (A was 490 nm, and the fluorescence wavelength
(Afio) was 529 nm. Figure (3b) displays the best concentration of AO
dissolved in DMSO at (1x10®) M, which obeys Beer—Lambert law.
The maximum absorption wavelength (A, was 490 nm, and the
fluorescence wavelength (Afo) was 521 nm.

The best concentration of AO dissolved in acetone was (1x10°) M,
which obeys Beer—Lambert law. The maximum absorption wavelength
(A was 495 nm, and the fluorescence wavelength (Ao was 530 nm,
as shown in Figure (3c). Figure (3d) displays the best concentration of
AQ dissolved in ethanol at (1x10°) M, which obeys Beer—Lambert law.
The maximum absorption wavelength (A was 490 nm, and the
fluorescence wavelength (Aquo) was 521 nm.

Figure (3) demonstrates that Stokes shift increases when the
concentrations in all acridine dye solutions are increased (except the
acridine water solution), as seen in Table (3). Additionally, the
fluorescence spectrum is typically a mirror image of the absorption
spectrum resulting from the ground to the first excited state
transition. Furthermore, all peaks are symmetric.

The magnitude of Stokes shift is influenced by the dye and its
solvation environment. Itis measured from equation (9), with greater
Stokes shifts appearing in more polar solvents. As seen in Figure (3)
and the data in Table (3), Stokes shift is highest in water (more polar)
and lowest in ethanol (less polar). Stokes shift is necessary for
fluorescence imaging measurements to have such great sensitivity,
and because of the red emission shift, precise bandwidth optical
filters can effectively stop excitation light from reaching the detector,
allowing the relatively faint fluorescence signal (with a small number
of released photons) to be detected against a low-noise background.

Figure (3): Absorption and fluorescence spectra of AO in a) distilled water; b) DMSO;
c) acetone; d) ethanol at the best concentration
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Fluorescence quantum yield ((DF) can be calculated from equation
(6) for all solvents, as shown in Table (3). The best value is (0.97) in
distilled water at a concentration of (0.5x10*) M. Their values did not

exceed 1 and varied with changing concentrations and solvents for
the AO dye. For the absorption spectra of all samples, the radiative
lifetime (Tppy) is calculated from equation (7). Generally, the
maximum value is (55.5) ns for a concentration of (1x10%) M in
DMSO. Their values differ according to concentrations and solvents.
From these two parameters and as stated by equation (8), the
fluorescence lifetime (Tf) is planned, as seen in Table (3). The best
value is in acetone, especially at the concentration of (0.5x10%) M,
resulting in (13.5) ns.

Table (3): Photophysical parameters for AO in different solvents with different concentrations

C Stokes shift (08 T T
Solvents (M) () f (“‘;") (n;)
1x10™ 46 0.37 0.45 3.7 1.6
0.5x10* 43 0.24 0.97 6.1 59
1x107 40 0.20 0.43 7.4 31
Distilled water 0.5x10” 49 0.19 0.86 7.7 6.6
110 47 0.09 0.42 541 22
3x107 39 0.25 0.54 5.94 32
=107 45 0.02 0.03 555 16
0.5x10 41 0.03 0.28 335 9.3
DMSO 1x10™ 35 0.11 0.18 9.6 17
0.5x10” 40 0.05 0.14 19.9 27
=10 44 0.14 0.005 7.7 0.03
1x107* 40 0.08 0.38 171 6.4
0.5x10°* 39 0.09 0.89 15.2 135
Acetone 1x107 37 0.24 0.51 59 3.00
0.5x10™ 31 0.56 0.26 2.5 0.65
1x10° 31 0.56 0.35 13 0.45
=107 37 0.17 0.08 79 0.6
0.5x10 34 0.19 0.23 7.2 16
Ethanol 1x10™ 31 0.30 0.44 4.6 2.02
0.5x10” 30 0.34 0.45 4.0 18
110 31 0.84 0.49 16 0.7

The best concentration of AO dissolved in distilled water that obeys
Beer—Lambert law is (3x10°) M mixed with (MgO and Al,O;)
nanoparticles. To study the effect of these NPs on acridine dye
solution, Figure (4) displays the absorption spectra of AO with
different amounts of (MgO and Al,05) nanoparticles. The maximum
absorption wavelength (Ao for AO in an aqueous solution is 490
nm with 0.80 maximum intensity. When MgO NPs are added to AQ,
the intensity decreases to 0.58, which may be related to MgO’s ability
to adsorb AO. The intensity of adding Al,0; NPs to AO is 0.94, which
raises the spectrum. The intensity of mixed (MgO and Al,0;)
nanoparticles is 0.65, which also decreases the absorption spectrum.
The maximum absorption wavelength (A is 490 nm in all samples
of NPs/AO aqueous dye solution.

Fig. (4): Absorption spectra of AO with (0.004 and 0.002) g of (MgO and Al,0;) nanoparticles
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Figure (5) displays the fluorescence spectra of AO with different
amounts of (MgO and Al,0;) nanoparticles. The maximum
wavelength for AO in an aqueous solution is 529 nm with 117.19
maximum intensity. Maximum fluorescence wavelength and
intensity both decreased when MgO NPs were added to AO. There
was a noticeable increase in maximum fluorescence wavelength and
intensity when Al,03 NPs were added. Finally, adding the (MgO and
Al,03) mixture to the AO dye solution resulted in an increase in the
maximum fluorescence wavelength and decreased intensity, as seen

Kareem, F. F,, M. F. H. Al-Kadhemy, and A. A. Saeed. (2021). Impact of solvents, magnesium oxide and aluminium oxide nanoparticles on the photophysical properties of acridine orange dye. 7he Scientific journal of King Faisal
University: Basic and Applied Sciences, 22(2),113—9. DOI: 10.37575/b/sci/210047



118

in Table (4).
Fig. (5): Fluorescence spectra of AO with (0.004 and 0.002) g of (MgO and Al,O;) nanoparticles
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Table (4) shows that adding MgO decreased the absorption and
fluorescence spectra intensity as well as the maximum wavelength.

Table (4) also displays an increase in both the maximum wavelength
and intensity for absorption and fluorescence spectra. The result
demonstrates that MgO NPs quench AO in both absorption and
fluorescence spectra, and increase the maximum fluorescence and
intensity when adding Al,O3; NPs to the solution. It is clear that the
absorption spectra increased with the increased particle size of NPs.
Al is a metal; therefore, it may generate electrons and transform into
a cation. Al,O; NPs may also absorb water, making them useful as a
drying agent. Due to its great stability, it is also considered an
oxidising agent.

Stokes shift in AO aqueous solution is best at a concentration of 39
(see Table 3). When MgO is added to the AO aqueous solution, Stokes
shift decreases to 37. Adding Al,O; enhances the Stokes shift, and it
becomes 41 in both the Al,O; AO aqueous solution and a mix of MgO
and Al,O; AO aqueous solution. This result leads to a rise in
fluorescent molecules in an excited state.

Table (4): Spectral information for (MgO and Al,0;) — AO aqueous dye solution
Amountof [ Amountof Aabs Afluo

Ao MgONPs | ALO;NPs | max | Labs | max | Ifluo S“"(‘:fns)hi“
in distilled water ® ® i) (i)
(3%10%) M 0,004 0 490 | 058 | 527 | 10597 37
0 0004 790 [ 073 [ 531 [ 12367 71
0002 0002 790 [ 065 | 537 | 10687 )

5. Conclusions

In this work, the effects of solvent and concentration were studied in
the absorption and fluorescence spectra of AO. Analysis of four
different organic solvents found:

®  Theintensity and wavelength of the peak of the absorption spectra of
acridine dye depend on the type of solvent used.

®  There is a red shift of around 5 nm in the maximum wavelength for
DMSO, while it remained constant in the other solvents under study.

. The fluorescence spectra of acridine dye solutions shift towards the
long wavelength (red shift) with increased concentration.

. The observed results of the fluorescence intensity of AO change
significantly due to dye aggregation and strong intermolecular Van
der Waals-like attractive forces between the molecules.

. Oscillator strength is less than 1, so the transition is TT—TC*.

®  Stokes shiftis highestin water (more polar) and lowestin ethanol (less
polar).

. The best value of fluorescence quantum yield in distilled water is
around 0.97.

®  Thefluorescence lifetime was calculated and found that the best value
is 13.5 ns in acetone.

®  Theaddition of MgO NPs led to an AO quench in both absorption and
fluorescence spectra and an increase in the maximum fluorescence

and intensity when Al,O; NPs were added to the solution.
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