Journal of Iraqi Al-Khwarizmi (JIKh) Volume:7 Issue:2 Year: 2023 pages: 56-67

Synthesis of gold nanoparticles and study their effect on optical
properties of acridine orange dye
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In this work, a fluorinated Acridine Orange dye dissolved in distillate water at four
different molar concentrations (0.5 x10°, 1 x 10°,0.5 x 10>, and 1 x 10”). Gold
nanoparticles were prepared using the chemical reduction method using gold
chloride at a concentration of (0.01 M) with sodium citrate. The reaction resulted in
a red liquid containing gold nanoparticles. Using a particle size analyzer device, an
analysis was carried out for the red liquid containing gold nanoparticles and the
proportion of 45% of the liquid contained particles of (9-11 nm) size. The gold
nanoparticles were added to the prepared dye samples with different volume
concentrations (5,10, and 15) % for each prepared sample. The linear optical
properties of the prepared samples before and after the addition were studied using a
spectrophotometer within the range (200-800 nm). The optical parameters of all
prepared samples were calculated (absorbance, transmittance, reflectivity,
absorption coefficient, linear refractive index, extinction coefficient, optical
conductivity), and the results showed the presence of a wide peak of absorption and
an increase in the value of the optical parameters after adding gold nanoparticles
and their increase with increasing the concentration of nanoparticles as well as

movement of absorption peak towards longer wavelengths (red shift).

1. Introduction

Acridine orange is a fluorescent dye that has been used for more than 50 years and is still
in use today. It has a molar mass of 265.35 g/mol and may be dissolved in water at a
concentration of 28 g/L.. Acridine orange has been used in DNA research for over 20 years as a
(DNA) intercalator. It has a maximum absorption wavelength of 494 nm and a maximum
emission wavelength of (525 nm). The absorption spectra, emission spectra, and fluorescence
lifetimes of AO have all been shown to be significantly dependent on concentration. Aggregates
develop in large concentrations, causing their characteristics to alter [1].

Due to their size and shape dependent surface (plasmon resonance) affinity with organic
species, and high electrical conductivity properties, gold nanoparticles (Au NPs) are recognized
as a potential candidate in many areas of science and engineering, including medical therapy,
drug delivery, chemical sensing, catalysis, and electronic applications. [2].

The best application for adding nanoparticles to the acridine orange dye is to improve
histological examinations, especially tissues affected by cancer, where the acridine dye is used in
histological analyzes. As well as the dye prepared with nanoparticles can be used to prepare a
laser medium used in the dye laser, where the nanoparticles work to shift the absorption peak to
longer wavelength (red shift) to make the laser work at another wavelength.

2. Theoretical background
One of the most significant processes in light is photon absorption (matter interaction).
The measurement of light extinction when a beam of light passes through a material is known as
absorption. The intensity of the beam diminishes due to light absorption. The molecule may be
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thought of as an opaque disk with a cross. sectional area, an effective area visible to the photon
of frequency (v). The cross-sectional area is greatest if the photon's frequency is near to a
resonance frequency; otherwise, the cross—section is zero. Consider a slab of the sample (dz)
with a total area of S [3].

Cross - section

Figure (1): Light is absorbed by molecules with specified cross-sections [3].

The mutual impact of radiation and matter is one of the fundamental processes that
underpins many of the universe's occurrences. The particles in any medium interact with the light
waves that are sent through it. Interaction: can be described via several processes so called
photophysical processes, in these processes the main route of energy relaxation of an excited dye
molecule is either radiative or non-radiative transition [4]. The absorption process occurs when a
photon collides with a dye molecule in a lower energy state, causing the dye to be excited. As a
result, the photon is absorbed and its energy is used in the dye excitation. The process can occur
(only if the incident photon energy equals the energy difference between the (two states) where
the absorption occurs). The logarithmic relative reduction in intensity is termed as absorbance

[5]:

Transmittance is the ratio of transmitted light intensity to incident light intensity.
Transmittance is computed by dividing the intensity value of the rays transmitting from the film
(D by the intensity of the initial incident rays (Io), (T=I/1p) [6].

T=exp [-2.3034] . oevvvevee e (2)

As illustrated in equation, the energy conservation law states that light beams are partly
transmitted, absorbed, and reflected (3). The energy conservation rule [7] may be used to
determine reflectance (R).

R+TH+A=1 ..o 3)

The capability of a material for absorbing light with a specified wavelength, is the
definition of absorption coefficient (o). According to equation (4), the optical absorbance (A)
assisted in calculating the absorption coefficient [§].
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One of the most significant optical constants is the refractive index (n), which changes
with the wavelength of an electromagnetic wave. The electromagnetic wave loses some of its
energy as it travels through a medium. The real component of the refractive index (n) is known
as n, whereas the imaginary element of the extinction coefficient is known as K [9]. N=c / v.
The refractive index of an optical or dielectric media (N) may be determined. Equation (5) is
capable of calculating the refractive index (n) [10].

= (1R 4R _ K2
n=(T5) + J e — kP 5)

The optical conductivity of a material is its frequency response when assaulted by light.
To compute optical properties such as optical absorbance, reflectance, and absorption coefficient
are employed (optical conductivity). Using the following relationship, the optical conductivity
was calculated using the refractive index and absorption coefficient. [11]:

anc

Gopt = s e (6)

4T

The Extinction coefficient was calculated for the samples by using the equation [10]:

Because they are linked by a previous relationship, the extinction coefficient acts
similarly to the absorption coefficient [12].

3. Experimental part:

In this part, equation (8) was used to prepare different concentration samples of Acridine
Orange AO (0.5 x10°®, 1x10°®, 0.5x10°, and 1x10°°) M. (3.1). [13]:

_ Wx1000
My XV

(C) Is the dye concentration (molL), W is the dye weight (g) determined using a sensitive
weighted balance, My dye's molecular weight (g/mol)
and V is the solvent volume (ml).

After creating the basic concentration (1x10™ M), the additional concentrations were prepared
using the dilution equation (9) [14].

V= (9)
2
By rearranging equation (9) we get:
C]V] = Csz ....................... (10)

V1. is the volume before dilution, C; is the primary concentration estimated from equation (8),
V, is the volume after dilution, and C, is the new concentration, as shown in equation (9).
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4. Preparing nanoscale gold

Gold nanoparticles were prepared by chemical reduction method using materials gold

chloride (HAuCl4/H,0 and deionized water according to the following steps [15]:

The gold chloride solution was diluted to reach a concentration of 0.005 M by dissolving it
in non-ionic water according to the dilution formula (C;V: = C,V;) and the solution is
characterized by the following (HAuCI4 xH20) gold chloride (111) hydrates with 99.995%
purity and a molecular weight of Mw 339.79 g / mol. Presented by SIGMA “- Aldrich”).

A mixture consisting of the solution mentioned in paragraph (1) is placed in an amount of (5
milliliters) with the addition of (35 milliliters) deionized water on a magnetic apparatus and
heated until it reaches a boiling point and leaves it to boil for (15-20) seconds.

The concentration of sodium citrate (NazC¢HsO;) is prepared by taking one gram of it
(powder) and dissolving it in 100 ml of deionized water).

Sodium citrate prepared in paragraph (3) above, in an amount of (one milliliter), is added to
the mixture in paragraph (2), then the heat is turned off and left on the magnetic stirrer
device.

Over time, the solution turns colorless and then turns dark red (violet), which is a sign of
generating large nano-sized gold nanoparticles (40-100 nm) and then to bright red, which is
a guide to reaching gold nanoparticles of size Smaller (less than 20 nm) as shown in Figure

).

Figure (2): Stages of color formation for nano-gold.

4Ag* + CegHs07 Nag + 2H,0 sy 4Ag”+ CsHsO7H3+3Na + H + O, ... (11)

3. Results and Discussion

A. Gold Nanoparticles (GNPs) Synthesis
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The chemical reduction approach was used to make gold nanoparticles. The resultant
solution is a clear wine-red hue that is homogenous. The major benefit of chemical reduction is
that it is characterized by great efficiency in synthesis. Moreover, the resultant nanoparticles
have no inclination to clump together and are distributed at the nanoscale. The process's cheap
cost of execution is also encouraging [16].

Surface plasmon resonance is a phase oscillation that occurs when light is absorbed
by tiny metallic particles and is caused by a coherent and collective stimulation of the "free"
(electrons in the conduction band) (SPR) [17].

Figure (3) shows the optical test performed on the (Au NPs) sample using a UV-VIS
spectrophotometer in the range (200-800) nm.

The absorption spectra of Au NPs as a function of wavelength are shown in the figure,
with the (SPR) appearing at 530 nm, which is consistent with the results. [16-18].

4
3.5

3

Absorption
I = N
(9] = (9, ] N (%]

o
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Figure (3): Absorption spectrum as function of wavelength for Au NPs.

Another evaluation termed particle size analyzer was performed at the Faculty of
Pharmacy in order to acquire further information about the gold nanoparticles created utilizing
the chemical reduction process. Figure (4) depicts the examination results.

60



Journal of Iraqi Al-Khwarizmi (JIKh) Volume:7 Issue:2 Year: 2023 pages: 56-67

Diam rum Diff% Cumnua Diizam mm Diff% Cumua Diam mm Diff% Cumus
3.00-3.61 0 0 62.9-70.6 0 98.6 792-880 o 100
5.61-6.29 0 0 70.6-79.2 0.78 99,38 280-007 o 100
6.29-7.06 0 0 79.2-88.9 0.62 100 207-1119 o 100
7.067.02 0 0 88.0-00.7 0 100 1119-1255 o 100
7.92-8.89 0 0 99.7-111 0 100 1253-1409 o 100
2.80.0.07 44.14 4414 111-125 0 100 1409-1581 o 100
997111 5446 986 125-140 0 100 1581-1774 o 100
11.1-12.5 0 28.6 140-158 0 100 1774-1990 o 100
12 5-140 0 986 158-177 0 100 1990-2233 o 100
14.0-15.8 0 28.6 177-199 0 100 2233-2503 o 100
158177 0 986 199-223 0 100 2505-2811 o 100
17.7-19.9 0 28.6 223250 0 100 2811-3154 o 100
199223 0 986 250-281 0 100 3154-3539 o 100
223250 0 28.6 281313 0 100 3339-3071 o 100
25.0-28.1 0 08.6 315-333 0 100 39714456 o 100
28.1-31.5 0 98.6 333-397 0 100 4456-3000 o 100
31.5-353 0 98.6 307445 0 100 S000-5610 o 100
33.3-39.7 0 98.6 445-500 0 100 3610-6293 o 100
30.7-44 5 0 98.6 500-361 0 100 6203-7063 o 100
44.5-50.0 0 98.6 561-629 0 100 T063-7924 o 100
50.0-36.1 0 98.6 £20-706 0 100 7924 8891 o 100
36.1-62.9 0 98.6 706-792 0 100 2801-9500 o 100

~umu% Diff% Diam nm | Percent
100.0 60.0
8.89 0.00
50.0 54.0
’4 114 98.59
£0.0 48.0
148 9859
70.0 420
151 9859
0.0 38.0
247 9839
50.0 30.0
319 98.5%
40.0 240
412 98.3%
30.0 1T T T 1T T | 120
532 9859
20.0 120
688 9g8.59
10.0 1T T ml 1T T i &0
889 100.00
0.0 0.0
0.1 1.0 10.0 100.0 1000.0 10000.0
Size(nm)
Company:Angstrom Advanced Ine. Add:30 Braintree Hill Park, Ste 201, Braintree, MA 02184, USA  Fax1-781-319-4766
Figure (4): The nanoparticles number with nanoparticles size spectrum.

B. Linear Optical Properties of Acridine Orange dye

Figure (5) show the (absorption spectrum) of Acridine Orange (AO) as function of
wavelength for the four concentrations samples obtained by UV-VIS spectrophotometer. By
using equations (1-7), beside the spectrophotometer data, (reflectance, absorption coefficient,
refractive index, optical conductivity, and extinction coefficient) respectively had been calculated
as shown in table (1). The absorption increases with increasing dye molar concentration due to
the greatest value of dye molecules in the energy ground state, which may absorb enough
incoming photons, as seen in the figure. The absorption spectra peaks for the four samples were
(435) nm.
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Figure (5): Absorption spectrum of Acridine Orange (AO) as function of wavelength.

Table (1): Optical parameters of Acridine Orange in four concentrations.

C T o Gopt K
MI . % R cm *10° n x108
1*10°° 0.038 51.4 0.47 0.089 2.2 1.38 0.305
0.5*10® 0.289 26.14 0.708 0.664 16.98 1.7 2.3
1*10° 0.364 8.60 0.887 0.834 27.07 1.89 29
0.5%10° 0.584 0.93 0.976 1.34 38.82 1.95 4.6

Table (1) demonstrates that raising the dye concentration produces a rise in each of the
following: (absorbance, refractive index, optical conductivity, reflectance, absorption coefficient,
and extinction coefficient) and a decrease in each of transmittance and molar extinction
coefficient.

The optical density of this medium is consolidated by the largest number of dye
molecules in the ground state, allowing it to absorb more input photons and reflect less photons.

Because of the large disparity between the optical density values of the dye solution and
those of air, the medium with a high optical density has a high refractive index. The loss of
excited energy (as nonradiative transitions or collisions with adjacent molecules) is reduced
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when the absorbance increases at large molar concentrations. As seen in the table, this results in a
lower molar extinction coefficient (1) [19].

The following figures (6,7,8,9) show the absorption spectrum as function of wavelength
for four concentrations after adding Au NPs in (5, 10, and 15) % for each concentration.
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c
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o
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<L
0.1
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Figure (6): Absorption spectrum as function of wavelength for 0.5x10°A0: Au
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Figure (7): Absorption spectrum as function of wavelength for 1x10°A0: Au NPs.
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Figure (8): Absorption spectrum as function of wavelength for 0.5x10°A0: Au
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Figure (9): Absorption spectrum as function of wavelength for 1x10°A0: Au NPs.
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Table (2): Optical parameters of Acridine Orange dye with and without Au NPs.

C A A T% R ocm’ n 1] K AL

0.5%10° AO 440 | 0.038 | 91.46 | 0.078 | 0.087 | 1.73 | 0.26*10"7 | 0.308*10"-7 | -

%ﬂ:;gGNPS 507 | 0.13 | 6522 | 0.234 | 0.307 | 2.57 | 1.78*10°7 | 1.23*%10~-7 | 67
%g}g;GNPs 510 | 0.182 | 50.9 | 0.315 | 0.42 | 3.04 | 2.94%10~7 | 1.71¥10~-7 | 70
%g}(s);)GNPs 523 | 0.293 | 40.17 | 0.318 | 0.67 | 3.06 | 4.78*10°7 | 2.81%10"-7 | 83
1¥10° AO 488 | 0.066 | 85.58 | 0.075 [0.154 | 1.72 | 0.63*10"7 | 0.62*10"-7 | -
ng;GNPS 507 | 0.19 | 639 | 0.166 | 0.44 | 2.21 | 2.35%10~7 | 1.8*¥10~-7 | 19
/1:(;?1-2% GNps | 513 | 039 | 5115 | 0197 | 0.67 | 2.38 | 381*10°7 | 2.78*10"-7 | 25
1*¥10°

*10A %10
AO:15% GNPs 526 0.39 | 40.67 | 0.203 | 0.89 | 2.41 | 5.17*10~7 | 3.78*10"-7 | 38

0.5%10° AO: 490 | 0.079 | 83.06 | 0.088 | 0.184 | 1.79 | 0.78*10"7 | 0.71*10"-6 | -

%g;ngN},S 498 | 0.45 | 34.84 | 0.176 | 1.05 | 2.36 | 2.3*10°7 | 4.14*10"-6 | 8
%(5;3(5);, GNDs | 498 | 0.51 | 29.94 | 0.193 | 1.201 | 238 | 594*10°7 | 4.77*10"6 | 8
%g}g; GNDs | 498 | 0.58 | 2572 | 0203 | 135 | 241 | 6.52*10°7 | 5.39*10"6 | 8
1¥10° AO 480 | 0.741 | 18.17 | 0.073 [ 1.705 | 2.42 | 7.1*10"7 | 6.5%10"-6 | -
ng;’GNPS 496 | 0.816 | 13.28 | 0.057 | 1.88 | 2.6 | 7.6¥10"7 | 7.3*10%-6 | 16
ng;% GNPs | 498 | 0873 | 7.02 | 0.052 | 201 | 2.7 | 83*10"7 | 8.09%10"-6 | 18
1*¥10”

*10A %10
AO:15% GNPs 498 | 0919 | 3.36 | 0.047 | 2.11 | 3.02 | 8.8*10"7 | 8.36*10"-6 | 18

As seen from table (2) the increase of dye concentrations leads to change in the optical
parameters of AO dye as well as the presence of Au NPs caused a change in the optical
parameters.

The figures (6-9) and table (2) show in clear manner that the presence of gold
nanoparticles with particle size (9-11) nm lead to enhancement in optical absorption and shifting
the absorption peaks of the dye samples to longer wavelength (red shift) from 488 nm to 523 nm
in 0.5*10°ml. Not only the optical absorption enhanced but also the other optical parameters.
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Increased concentration raises the intensity of absorption, which is related to a rise in the
number of molecules, which increases the likelihood of absorption with the concentrations utilized,
as stated by the Beer-Lambert law.

More n values with increased AuNPs resulted in increased absorbance and denser AO
dye, which lowered light propagation velocity through them, leading in increased (n) values.
While (n) denotes the ratio of light velocity in vacuum to light velocity in any medium. Then, As
the material becomes more opaque to incoming light, the velocity of light slows, and n and k rise
as a result [20].

4. Conclusions
Manufacture of nano-gold by chemical method is a successful method through which we
obtained nano-gold with a size (9-11 nanometers) and it is characterized by its stability without
the occurrence of large agglomeration. The optical properties of the medium changed after
changing the concentrations, as it was found that increasing the concentration increased, the
properties changed more. The properties of the medium changed after adding gold nanoparticles
(optical and spectroscopic).
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