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Noble metals have been extensively studied for plasmonic energy, cataly-
sis, photonics, and sensing applications because of their high localized
surface-plasmon resonance (LSPR) responses. The LSPR phenomenon,
which is the collective oscillation of electrons on metallic nanoparticles
(NPs) triggered by light photons at the resonant frequency. This property
is present in metal NPs like Au, Ag, and Cu. Using power x-ray diffrac-
tion (PXRD) method, structural analysis is carried out. Diffuse reflec-
tance spectroscopy (DRS) of UV-Vis is a predominantly helpful method for
describing the LSPR behaviour of metallic NPs. In this work, chemical
reduction method is used to fabricate gold, silver, and copper NPs, and
UV DRS is used to examine their LSPR activity (there is a plasmon-
resonance peak for pure copper, silver, and gold NPs).

IInaxerHi metanu Oyau INMUPOKO BUBUEHI AJs 3aCTOCYBaHb y IIJIa3MOHHiM
eHepreTHuIli, Karaaisi, oToHimi Ta ceHcopuIli 3aBIAKM IXHill BUCOKill UyT-
JUBOCTi IMOAO JIOKAJiB0BAHOTO IIOBEPXHEBOTO IIJIA3MOHHOTO pEe30HaHCY
(JIIITIP). fABume JIIIIIP — 1me KoJeKTUBHE KOJMBAHHS €JEKTPOHIB Ha Me-
raneBux HaHouacTuHKax (HY), 1mo BuKIMKaeThcsa POTOHAMU CBiTJa HaA pe-
30HaHCHIN yactori. I1a BmacTuBicTh nmpucyTHsa B MeTajieBux HY, Takux AK
Au, Ag i Cu. 3a momomoronw MeTony Au@PAaKIlii mOTy:KHiX PeHTr'eHOBUX
npomeHiB ([IIIPII) mpoBoguThcs CTPYKTypHa aHamiza. HudysHa BigOupHa
cuexTpockonisa ([IBC) Y®- i#i BummmMoro AisimasoHy € IepeBaskHO KOPUCHUM
meTomoM aasa omucy moBeminkm JIIIIIP meranmesux HY. V 1ifi poGori mus
BurotoBgenHa HY sosora, cpibia Ta Migi BUKOpPHCTAHO METOJ Xe€MiduHOIO
BigHOBNeHHsA, a [IBC Y®-gianaszony — paa gocaimskeHHa ixHbol JITIIIP-
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aKTHUBHOCTH (€ IiK mIasMoHHOTro pesoHancy ausd uuctux HY Cu, Ag ta Au).
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1. INTRODUCTION

Noble metals have attracted a lot of attention just now because of
their exceptional performance in a range of catalytic processes and
their numerous uses. In addition to their diverse electrical, chemi-
cal, optical, and magnetic characteristics, noble metal nanoparticles
(NPs) reveal strong catalytic capabilities [1-3]. Because of their na-
nometer-scale size and shape, metallic NPs have gained lot of inter-
est. Absorption, transmission, reflection, and light emission are on-
ly a few of the dynamic optical features of NPs, which set them
apart from bulk materials [4].

Surface-plasmon resonance and optical properties are two of the
exceptional qualities of metallic NPs. Metal NPs are utilized in op-
tical biosensor applications due to their surface-plasmon resonance
(SPR) feature [5]. Gold, silver, copper, lead, and platinum NPs’ op-
tical characteristics are caused by the resonant oscillation of their
free electrons in the presence of light, which is sometimes referred
to as localized surface-plasmon resonance (LSPR) [6].

Laser photothermal treatment for cancer uses this SPR absorp-
tion in NPs. The optical characteristics of metal NPs are essential
for a number of applications, including imaging sensors, displays,
solar cells, photocatalysis, biomedicine, optical detectors, and lasers
[7]. A number of variables, including metal composition, shape, and
particle size, affect the LSPR peaks.

This work examines the linear optical characteristics of powdered
copper, silver, and gold NPs, which have undergone chemical reduc-
tion. Powder x-ray diffraction is used to confirm the structure, and
UV-Vis DRS is used to inspect the linear optical behaviour.

2. MATERIALS AND METHODS
2.1. Preparation of NPs
In this study, copper, silver, and gold NPs are synthesized using

the chemical reduction approach. Here, nitrate salts of copper and
silver serve as precursors, while ethanol is utilized as a stabilizer
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Fig. 1. Synthesized (a) copper NPs, (b) silver NPs, (c) gold NPs.

along with sodium borohydride and hydrazine hydrate as reducing
agents. The chemicals used are of analytical grade. In the prepara-
tion of pure silver NPs, 0.1 M of hydrazine hydrate and 0.1 M of
sodium borohydride solution were added drop by drop to an aqueous
solution of AgNO; (0.5 M) that was being continuously agitated by
a magnetic stirrer. The reduction of metal nitrate to metal is con-
firmed by the colour shift from transparent solution to dark grey.
To stabilize the process at that point, 1 ml of ethanol was added.
Centrifugation was used to remove the precipitate from the solution
by subsequent three hours of constant stirring. The synthesized ma-
terials were thoroughly cleaned with ethanol and then dried in a hot
air oven at 100°C for three hours. A closed vial was used to collect
the dried material. The same method is used for preparing pure
copper NPs; here, Cu(NQO,), is taken as a precursor.

In the preparation of pure gold NPs, 0.001 M of gold chloride
solution, 0.1 M of sodium borohydride, and 0.1 M of hydrazine hy-
drate are combined and agitated in drops on a magnetic stirrer for
three hours at a speed of roughly 500 revolutions per minute.
Ascorbic acid (0.2 g) is then added. The reduction of metal NPs is
indicated by the colour shift. To stabilize the process, ethanol is
now added. The precipitate is separated from the solution after stir-
ring. After being cleaned with ethanol, the synthesized material is
heated to 100°C for approximately two hours in a hot air oven. A
closed vial is used to collect the prepared sample. The synthesized
NPs are shown in Fig. 1.

2.2. Characterization Techniques

Power x-ray diffraction (PXRD) method is one of the analytical
tools simply used to study the crystallographic structure of the
sample. Further, it helps to recognize the phase and purity of the
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sample along with the structural parameters. With specialized re-
finement techniques, it ensures straightforward data interpreta-
tions. In this study, the instrument Bruker D8 advance is used to
take the x-ray diffractogram of the sample Ag, Au, and Cu NPs.
The surface-plasmon resonance behaviour of the synthesized NPs is
studied by analysing the diffuse reflectance spectrum, which is a
useful tool for studying the spectral characteristics of opaque solid
samples by the specular and diffuse reflections of light. The UV-
DRS spectrum was recorded in the Shimadzu UV-2600PC series.

3. RESULTS AND DISCUSSION
3.1. Powder X-Ray Diffraction Analysis

The powder x-ray diffraction patterns of Cu, Ag, and Au NPs are
shown in Fig. 2. In these diffractograms, the presence of a series of

000 =
= =
120007 1 7000 jul
m w
= 10000~ 2 6000
3 ] 3 s000
50004
O 5000 &
S 1 B 4000 —
& 60004 G 2
2 Z 3000 g
) b ) —_
-~ - o P
5 40007 £ 2000 a =
T =
20004 10094 J
7 T T T T T ¥ LN 0 T T J T T T T
10 20 30 40 50 60 70 80 10 20 30 4 S50 60 70 80
20, degree 20, degree
a b

2500

a1

20004
15004
1000+

L A

0 7 T T 7 T
10 20 30 40 50 60 70 80

20, degree
c

Intensity, Counts
(200)

(220)
(811)

Fig. 2. PXRD pattern of (a) Cu NPs, (b) Ag NPs, (c) Au NPs.
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TABLE 1. The crystalline structural details of the Cu, Ag and Au NPs.

No.| NPs | ICDD (JCPDS) Card No. | Crystal structure | Lattice constant

1 Cu 04-0836 f.c.c. a=3.614 A
2 Ag 04-0783 f.c.c. a=4.086 A
3 Au 04-0784 f.c.c. a=4.0786 A

TABLE 2. Crystallite size of the Cu, Ag, and Au NPs.

No. NPs Average crystallite size
1 Cu 40.62 nm
2 Ag 35.91 nm
3 Au 18.59 nm

sharp and well-defined reflection peaks at periodic intervals is evi-
dent that the synthesized NPs have a high degree of crystallinity
[8]. The diffractogram has been compared with the standard powder
diffraction card of the ICDD (JCPDS) file and indexed. All the
three synthesized metal NPs are belonging to the face-centred cubic
structure. The crystallographic details of Cu, Ag, and Au NPs are
given in Table 1.

In the x-ray diffraction pattern, (111), (200), (220), and (311) are
the prominent reflection planes, which are observed in all three dif-
fractograms [9—-11]. These reflections are in agreement with those
reported in previous works.

Utilizing powder x-ray diffraction (PXRD), the average crystal-
lite size (D) of the NPs was estimated from the diffractogram using
the Scherrer formula:

D- 0.9% .
cosH

The calculated crystallite sizes are summarized in Table 2, indi-
cating that all values fall within the nanometer range.

3.2. Diffuse Reflectance Spectral Analysis

Noble metals, including copper, silver, and gold NPs, exhibit
unique optical properties, which enable strong interactions with
specific wavelengths of light. Their distinct absorption spectra in
the UV and visible regions arise from the collective oscillation of
free electrons, resonating with incident light waves [12].

Metals typically exhibit highly reflective surfaces. In the context
of UV DRS, both surface reflectance and diffuse reflectance of the
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Fig. 3. UV-DRS reflectance spectrum of (a) Cu NPs, (b) Ag NPs, (c) Au NPs.

sample are taken into account. The resulting reflectance and ab-
sorbance spectra for Cu, Ag, Au NPs are presented in Figs. 3 and 4,
respectively [13].

The unique optical properties of metal NPs can be attributed to
their freely moving electrons. When excited by high-energy pho-
tons, these electrons induce surface-plasmon resonance, leading to
strong absorption that is shape- and size-dependent [14].

The absorption spectra demonstrate that the synthesized metal
NPs exhibit absorption across the entire visible region. Notably,
silver NPs display a relatively narrow absorption band, particularly,
in the visible range.

The cut-off wavelengths for Cu, Ag, and Au NPs are of 445 nm,
442 nm, and 435 nm, respectively.

This broad absorption is attributed to localized surface-plasmon
resonance (LSPR), which enables the NPs to interact with a wide
range of visible wavelengths. Consequently, noble metal NPs exhibit
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Fig. 4. UV-DRS absorption spectrum (a) Cu NPs, (b) Ag NPs, and (c¢) Au NPs.

maximum extinction at their plasmon-resonance frequency, occur-
ring in the visible spectrum. This phenomenon underlies their po-
tential applications in sensing technologies.

3.3. Band Gap Analysis

Noble metals possess high electron density, enabling them to absorb
a broad spectrum of light and exhibit excellent reflectivity. Addi-
tionally, their lack of a band gap renders them as outstanding ma-
terials for exceptional electrical and thermal conductivity. Never-
theless, with their size in nanorange, they exhibit optical bang gap
as like semiconductors [15].

The band-gap energies of the synthesized NPs were determined
using UV-DRS and analysed through Tauc plots based on the Ku-
belka—Munk theory [16]. The Tauc plots for Cu, Ag, and Au NPs
are presented in Fig. 5, and the corresponding band-gap energies
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Fig. 5. Tauc plots for (a) Cu NPs, (b) Ag NPs, and (c) Au NPs.

TABLE 3. Optical parameters of prepared NPs.

No. Metal | E, eV | n | R Ko | €,
1 copper 1.92 2.8303 0.23 7.01 8.01
2 silver 1.06 3.0440 0.26 8.27 9.27
3 gold 1.38 3.4976 0.31 11.23 12.23

are summarized in Table 3.

Notably, the optical band-gap energies varied among the metals:
silver exhibited the lowest value at 1.06 eV, while copper and gold
had band-gap energies of 1.92 eV and 1.38 eV, respectively.

3.4. Determination of Optical Parameters

The established empirical correlation between the energy gap (E,)
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and refractive index (n) facilitates the calculation of additional crit-
ical optical parameters, including reflectance (R), dielectric constant
(g,), and electric susceptibility (x,). The computed values for these
parameters are presented in Table 3. Among copper, silver and
gold, silver has the lowest band-gap energy and highest refractive
index and dielectric constant [17].

Table 3 reveals that the synthesized NPs exhibit high refractive
indices and dielectric constants, rendering them as ideal candidates
for various photonic applications, including image sensors, anti-
reflective coatings, electronic displays, and solar cells.

4. CONCLUSIONS

The pure copper, silver and gold NPs are synthesized successfully
by chemical reduction method. The prepared samples are in powder
form. The powder x-ray diffraction analysis confirmed that the syn-
thesized NPs are properly reduced to metallic nanopowder from its
precursors. In addition, those are highly crystalline in nature be-
longing to the f.c.c. crystal lattice and perfectly matched with the
reported studies. The UV-DRS analysis concludes that all the syn-
thesized NPs have absorption in the entire visible region that con-
firms that the synthesized NPs possess LSPR property. Among Cu,
Ag and Au NPs, Ag NPs have higher surface-plasmon resonance
effect than the Cu and Au NPs. The solid form of noble-metal NPs
enhanced the LSPR behaviour and making the metal NPs more
promising for surface-plasmon resonance applications.
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