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Citrate coated stable 
colloidal silver 
nanoparticles (Ag NPs) 
with diameter ranging 
from 5 to 30 nm were 
synthesized by UV-induced citrate reduction of aqueous AgNO3 solution. The as-prepared colloid appeared as reddish yellow in colour. The 
UV-VIS absorption spectrum of the as-prepared colloid exhibited an intense and single plasmonic peak centered at ~ 405 nm implying densely 
formation of spherical NPs. The colloidal Ag NPs were very stable showing no prominent ageing even after few weeks. The linear red shift of 
plasmonic peak of Ag NPs was observed in UV–Visible spectroscopy with increase of uric acid concentration in Ag NP-based colloid in the 
range from 5 nM to 10 mM. This colloidal solution showed excellent sensitivity for uric acid identification and was employed for the 
quantitative detection of uric acid down to 5 nM limit. 
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INTRODUCTION 
Metal nanoparticle-based nanomaterials used as bioanalytical 

sensor for the qualitative and quantitative detection of 
biomolecules has attracted attention of scientific communities in 
recent years.1–4 Among the metal NPs, noble metal NPs like Ag 
NPs and Au NPs are promising in term of their properties and 
performance in the area of biomedical applications. A 
considerable amount of research has been conducted to 
synthesize different metallic-nanoparticles.5–7 but Ag NPs, owing 
to their excellent chemical reactivity, surface plasmonic 
resonance (SPR), intense fluorescence properties and 
antibacterial activities, have been considered as one of the most 
potential class of materials to be used in pharmaceutical, 
pathological industries and plasmon based biosensors for the 
quantitative detection of organic molecules with very high 
precision.8–10 

Uric acid is an important organic compound present in human 
urine and blood. Uric acid serves as immune system stimulant in 

human body and it also helps to maintain blood pressure in 
human body in a salt poor environment. Elevated concentration 
of uric acid (hyperuricemia) in human body causes formation of 
sharp crystals in the bone joints and cause gout, a painful form of 
arthritis. Formation of uric acid crystals in kidneys form kidney 
stones. Therefore, concentration of uric acid in human body 
needs to be maintained to stay healthy. The end product of purine 
metabolic breakdown is uric acid which is very important to 
maintain its level in human body. Uric acid is also a normal 
component of human urine and its concentration in blood should 
be maintained between 2.4-6.0 mg/dL for female and 3.4-7.0 
mg/dL for male. Several diseases like leukemia, gout, 
hyperuricemia, pneumonia, kidney disease, heart disease and 
diabetes may occur with an increase in concentration of uric acid 
while its abnormal low concentration may lead to multiple 
sclerosis.11–13 

The precise detection of uric acid has been extensively 
explored by various research groups using diverse nanomaterial-
based strategies. Silver nanoparticle-decorated reduced graphene 
oxide composites have been employed by Kaur et al. for this 
purpose.9 Another study reports the use of CdTe NPs as 
fluorescence probes for the quantitative determination of uric 
acid.14 A cost-effective, sensitive electrochemical method using 
a disposable screen-printed carbon electrode modified with 
graphene nano-sheets and nickel oxide nanoparticles 
(NiO/GR/SPE) was also developed for the efficient detection of 
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uric acid.15  Nanomolar uric acid determination has also been 
reported by using enlarged gold NPs modified electrode.16 High-
fluorescence sulphur and nitrogen co-doped carbon dots, 
synthesized via a hydrothermal method, have demonstrated 
effective uric acid sensing capabilities.17 Electro-polymerization 
technique was used to fabricate poly(DPA)SiO2@Fe3O4/CPE 
which was further applied to estimate uric acid.18 Additionally, 
surface-enhanced Raman scattering (SERS) on dried colloidal 
silver nanoparticle surfaces has been used for the identification 
of uric acid.19 Localized surface plasmon resonance (LSPR)-
based optical sensors, using radiolytically synthesized silver NPs, 
were used for estimation of uric acid.20 A novel optical detection 
system capable of determination of uric acid in urine sample was 
described by Azmi et al.21. Components of human urine like urea, 
uric acid, creatinine and albumin were investigated using Raman 
spectroscopy by Premasiri et al.22 

Biosensors based on local surface plasmon resonance 
technique (LSPR) are simplified and inexpensive alternative over 
costly and sophisticated detection techniques. The LSPR is based 
on the oscillation of free electrons present in the conduction band 
with enhancement of local electromagnetic field. The LSPR 
phenomenon takes place when the nanoparticle dimension is 
considerable to the wavelength of the incident electromagnetic 
wave.23 At resonance, when the light (either transverse electric or 
TM) interacts with the metallic nanostructures, a strong 
plasmonic vibrational peak is observed due to the localization of 
strong electric field around the metal NP. The resonance 
condition makes the intensity and wavelength of the localized 
surface plasmon resonance (LSPR) peak highly sensitive to 
various factors, including the shape, size, and material of the 
plasmonic nanostructure, as well as the surrounding medium.  

When biomolecules are adsorbed onto the surface of metal 
nanoparticles (NPs), they alter the local refractive index and 
dielectric constant at the metal interface. This change leads to a 
shift in the surface plasmon resonance (SPR) wavelength of the 
metal. The magnitude of this wavelength shift is quantitative and 
directly correlates with the amount of bound biomolecules. 

With the advancement of science and technology and the 
increasing demand of cost-effective material in market for the 
fabrication of biosensors is of immense importance now a days. 
The drawback of complex labeling protocol, complex 
instrumentation, expensive procedure requiring considerable 
amount of sample volumes that can be overcome with LSPR 
based sensor. It offers the advantage of easy multiplexing with 
high output sensing even up-to zeptomole range.24 However, 
demand of a simple, cost effective and fast detection of organic 
molecules with excellent sensitivity is always there in the 
pathological laboratories, forensic science and food industries to 
determine the trace amount of impurities at low cost. UV-VIS 
spectroscopy can be used in this regard where absorption 
spectrum of plasmonic NPs like Ag or Au is studied and 
quantitative detection of organic molecules can be performed by 
studying the absorption spectrum of the NPs in the presence of 
bio-molecules. Qualitative or quantitative detection of organic 
molecules can be achieved through their interaction with 
nanoparticles (NPs). Upon interaction with the sensing 

biomolecules, NPs may form aggregates of varying sizes, leading 
to multi-dimensional dispersion. This often results in a 
broadening of the LSPR band and/or a red shift in its peak 
position and sometimes visible colour change in the solution. In 
other cases, the optical response may differ, with the LSPR band 
shifting toward shorter wavelengths (blue shift) and, in some 
instances, a reduction in band intensity. Thus, from the 
broadening/shifting of peak centre/variation of intensity of main 
plasmonic peak/colour change of the colloid, quantitative 
detection is carried out.  

There have been several techniques like electrochemical 
deposition, chemical reduction method, physical vapor 
deposition etc. reported in the literature for the synthesis of Ag 
NPs.25–28 The chemical reduction method has been widely studied 
due to its advantages, including the ability to produce colloidal 
nanoparticles (NPs) with minimal aggregation and its suitability 
for low-cost, large-scale production. This technique typically 
involves the reduction of metal salts, such as silver nitrate 
(AgNO₃), using appropriate reducing agents.29 Among a number 
of wet chemical reduction techniques by which colloidal Ag NPs 
can be prepared, citrate reduction technique is an important one 
since in this process citrate ions not only reduces the metal salt to 
produce Ag NPs but also acts as capping layer and prevent the 
NPs from aggregation. The synthesis protocol of producing 
colloidal Ag NPs with UV-induced citrate reduction technique 
provides the advantage with room temperature synthesis of Ag 
NPs by reducing aqueous AgNO3 using sodium citrate 
(C6H5Na3O7) where Ag+ is reduced to Ag0 and the citrate acts as 
a stabilizer by coating the NPs by (citrate)- ions 

In this paper, we report the facile, one step and environment 
friendly synthesis of UV-induced citrate reduction technique to 
produce colloidal Ag NPs at room temperature for the detection 
of uric acid by studying the plasmonic absorption of colloidal Ag 
NPs using UV-VIS spectroscopy. 

EXPERIMENTAL DETAILS 
Synthesis 
For the synthesis of Ag NPs, 99.99% pure silver nitrate 

(AgNO3) was dissolved in deionized water and stirred at 360 rpm 
for 15 min at room temperature to prepare 0.5 mM (mili mole) 
aqueous AgNO3 solution (Solution A). Another solution was 
prepared by dissolving tri-sodium citrate (C6H5Na3O7) in 
deionized water and stirred properly to get 0.5 wt% aqueous 
sodium citrate solution (Solution B). Then, 60 ml of solution A 
was mixed with 0.6 ml of Solution B and stirred for 1 hour at 
room temperature (Solution C). The homogeneous mixture 
(Solution C) was then poured on a glass petri dish with open lid 
and exposed for 2 hour and 30 minutes under UV light 
comprising of wavelength ~ 360 nm and power ~ 8 mW. The 
schematic representation of synthesis mechanism is depicted in 
Figure 1. The formation of Ag NPs was confirmed by a 
transformation of colorless solution to reddish yellow colored 
colloid. The colloid was then stored at 293 K for few weeks to 
perform ageing measurements. 
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Figure 1: Schematic representation of synthesis mechanism of 
colloidal Ag NPs by UV-induced citrate reduction technique. 

 
Characterizations 
As prepared colloid and the colloid preserved for 50 days were 

characterized by using UV-VIS spectro-photometer (Agilent 
Technologies Cary 60 UV-VIS, Spectral resolution ~0.1 nm) in 
the 200-800 nm range. Particle size distribution and micro-
structural study of the NPs were carried out by using JEM 2010 
transmission electron microscope (TEM) operated at 200 kV. For 
TEM characterization, sample was prepared by placing two drop 
of Ag colloid on the carbon coated holey Copper grid and drying 
it normally in air. Dynamic light scattering (DLS) (SZ-100, 
Horiba Scientific – Japan) was used to further confirm the 
particle size distribution of the as-synthesized Ag NPs. 

Uric acid detection method 
Desired concentrations of aqueous uric acid solutions (5 nM to 

10 nM) were prepared and mixed with as-prepared Ag NPs 
colloid at 1:9 (v/v) ratios. UV-VIS absorption study of this 
solution (uric acid and Ag NPs) was then performed with 
wavelength ranging from 200 to 800 nm. 

RESULTS AND DISCUSSION 
Figures 2 (a, b and c) show the optical images of as-prepared 

colloid obtained from UV-induced citrate reduction technique 
and preserved colloid after 25 and 50 days, respectively. The 
deep reddish yellow colour of Figure 2 (a) stipulates dense 
formation of spherical silver NPs in the colloid.29,30 However, the 
reddish yellow colour did not change significantly with time as 
shown in Figures 2 (b) & (c) even after 25 and 50 days, 
respectively, indicating that the NPs are very stable and don’t 
agglomerate to form larger particles or degrade over the passage 
of time when kept at 293 K. 

 

 
Figure 2: Optical image of (a) As prepared colloid (b) Colloid after 
25 days, (c) Colloid after 50 days. 

In order to confirm the formation of Ag NPs, UV-VIS 
absorption study was further demonstrated which is shown in 
Figure 3. The UV-VIS spectrum illustrates the presence of an 

intense and single absorption peak cantered at ~ 405 nm. The 
absorption peak is due to the dipole resonance being created by 
the collective oscillations of the conduction electrons of NPs in 
phase with the frequency of the incident light. It is well-known 
that the peak position of UV spectra is linked with the size of the 
NPs present.31 For small spherical NPs, the charges are displaced 
homogeneously which results one proper resonance.32 The 
presence of single intense plasmonic absorption peak at ~ 405 nm 
in the spectrum, known as the characteristic plasmon peak of Ag 
NPs, designate the formation of dense and fine-spherical NPs.33,34 
NPs with lower symmetry have nonuniform electron distribution 
and may results quadrupole plasmonic vibration showing 
complex features and illustrate multiple absorption whereas the 
size of the nanoparticles determine the position of the absorption 
peak.35,36 However, single absorption peak rules out the 
formation of low symmetry features in the colloid.  

 

 
Figure 3: UV-VIS absorption spectrum of as-prepared colloidal Ag 
NPs 

 
The ageing study of the Ag NPs is shown in Figure 4. UV-VIS 

absorption study doesn’t show significant shifting of absorption 
peak centre and no change in the shape of the plasmonic 
absorption peak even after 50 days indicating stability of the NPs 
and stipulating that the NPs were not agglomerated to form larger 
particles. The intensity of the absorption peak didn’t change over 
the investigated time span commanding that the NP number 
density remained unaltered over the period which is also in 
agreement with the optical photograph of Figure 2 (a-c).  

 

 
Figure 4: Ageing study of freshly prepared colloid, the colloid after 
25 days and the colloid after 50 days. 
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Figure 5: (a) & (b) Bright field TEM image of Ag NPs with different 
magnifications. (c) HRTEM image of a single NP showing the lattice 
fringe (d) SAED pattern from the NPs. 
 

Figures 5 (a & b) show the bright field transmission electron 
micrographs (HRTEM) of the as-prepared Ag NPs which clearly 
illustrate the formation of spherical NPs having diameter within 
the range of 5 to 30 nm. Few elongated NPs were also noticed in 
the micrograph which may have formed due to aggregation of 
spherical particles during sample preparations for TEM study. 
TEM study further confirms the argument of UV-VIS study on 
the shape and size of the NPs. Figures 5 (c & d) show the HRTEM 
lattice image and SAED pattern obtained from the Ag NPs. The 
lattice planes were identified from HRTEM image by measuring 
the d-spacing values of ~ 2.2Å which is corresponding to cubic 
Ag (111) planes. The SAED pattern was also indexed with 
respect to the JCPDS Card No. 04-0783, confirming the presence 
of single crystalline (cubic) Ag NPs. However, the ring pattern 
may have appeared due to the presence of a number of NPs within 
the beam diameter of TEM system. The particle size distribution 
was obtained from TEM image of Figure 5 (a) by using ImageJ 
1.37v and is shown in Figure 6 (a). From the particle distribution 
pattern, the mean diameter of the NPs was obtained using 
Gaussian distribution function and the central distribution was 
found to be ~13 nm. Real time particle size distribution of the 
NPs inside the colloid was further determined by DLS study 
which is depicted in Figure 6 (b). DLS study further reveals that 
the NPs have narrow size distribution with the mean particle 
diameter ~ 20 nm which is in close agreement to the mean 
diameter obtained from TEM image.  

Figure 7 (a) demonstrates the UV-VIS absorption spectra of 
colloidal Ag NPs in the presence of aqueous uric acid solution 
with concentrations ranging from 5 nM to 10 mM . It is observed 
that with increasing concentrations of uric acid, center of 
plasmonic absorption band shifted towards longer wavelength 
(red shift) with a significant reduction of peak intensity. Red shift 
of plasmonic band may be ascribed to the partial oxidation of Ag 
NPs.37–40 or it might be a result of small aggregation of the these 
NPs formed due to the rupture of the citrate shell stabilizing the 
NPs in presence of uric acid.41 However, in this study, it is 

thought that uric acid being a nitrogen containing compound, 
when mixed with citrate capped Ag NPs, nitrogen components 
are adsorbed on the surface of Ag NPs, partially breaking the 
citrate capping.  

 

 
Figure 6: (a) Particle size distribution pattern obtained from TEM 
images of Figure 5 (a), Solid line curve represents the Gaussian fit. 
(b) DLS study of as-prepared colloidal Ag NPs, solid line curve 
represents the Gaussian fit. 

 

 
Figure 7: (a) Absorption spectra of the colloidal Ag NPs in the 
presence of uric acid with concentrations ranging from 5 nM to 10 
mM. (b) Plot of absorption peak centers with the increase of 
concentration of uric acid. 

 
Figure 8: Proposed cluster formation mechanism of Ag NPs in the 
presence of uric acid. 

 
As a result, uncoated or partially coated NPs into the colloid 

coalesce to form larger NP/cluster by Ostwald ripening 
mechanism which in turn shifts the plasmonic absorption peak 
towards the longer wavelength region causing a red shift of the 
plasmonic absorption peak center.42 The possible cluster 
formation mechanism of Ag NPs in presence of uric acid is 
shown in Figure 8. A linear variation of the peak center with 
increasing concentration of uric acid from 5 nM to 10 mM was 
observed. With increase of uric acid concentration, cluster 
density increases and hence the linear shift of absorption band 
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was observed. However, the prepared colloidal Ag NPs are 
capable of sensing uric acid over a wide range of concentration 
and minimum concentration was measured in this method was ~ 
5 nM which is quite impressive. The study was reproducible with 
the variation within the tolerance limit. 

CONCLUSIONS 
Colloidal silver nanoparticles with diameter ranging from 5 to 

30 nm were synthesized successfully by UV-induced citrate 
reduction technique. The yellow-colored colloid constituted of 
dense, spherical, single crystalline Ag NPs only. The as prepared 
NPs showed excellent stability due to citrate capping even after 
50 days. As-prepared colloidal Ag NPs are capable of detecting 
uric acid over a wide range of 5 nM to 10 mM. The colloidal Ag-
NP-based detecting system shows excellent sensitivity down to ~ 
5 nM limit. The facile synthesis procedure of Ag NPs at room 
temperature for the quantitative detection of uric acid by 
plasmon-based technique in the nanomolar to milimolar range.  
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