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Abstract This paper reports the synthesis of ribavirin-
modified gold nanoparticles (ribavirin-AuNPs) in aqueous
media, characterized by FTIR spectroscopy, ultraviolet–
visible spectroscopy (UV–vis), and transmission electron
microscopy (TEM). Ribavirin-AuNPs were employed as
colorimetric probes to detect Cr3+ and Ni2+ in the pH
range of 3–8 and 25 ◦C in aqueous solutions by the color
change of the system. In the solution, ribavirin-AuNPs were
red in color and the surface plasmon absorption band was
centered at 530 nm. In the presence of Cr3+ and Ni2+,
ribavirin-AuNPs induced the aggregation of nanoparticles,
and the surface plasmon absorption changed to 540 nm.
Upon aggregation, the surface plasmon absorption band red-
shifted and, thus, the nanoparticle solution appeared blue.
The sensitivity of ribavirin-AuNPs toward other metal ions,
i.e. Mg2+, Mn2+, Cr6+, Na+, Ni2+, Ag+, Al3+, Ca2+,
Cd2+, K+, Cd2+, Cu2+, Fe2+, Fe3+, Hg2+, Co3+, Ni2+,
Pb2+, and Zn2+, was negligible. This highly selective sensor
allowed for the direct quantitative assay of Ni2+ and Cr3+.
The limits of detections were found to be 25.2 and 30.5 nM
for Ni2+ and Cr3+ on the basis of the signal-to-noise ratio of
3:1 and correlation coefficients (R2) of 0.9813 and 0.99489
for Ni2+ and Cr3+, respectively.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s12633-017-9665-3) contains
supplementary material, which is available to authorized users.

� Farhad Salimi
f.salimi@iauksh.ac.ir

1 Department of Chemical Engineering, Kermanshah Branch,
Islamic Azad University, Kermanshah, Iran

2 Department of Chemistry, Kermanshah Branch, Islamic Azad
University, Kermanshah, Iran

Keywords Gold nanoparticle · Sensors · Colorimetric
sensing · Ni2+ and Cr3+

1 Introduction

Chromium (Cr) and nickel (Ni) are essential trace elements
for the human body and play important roles in life proces-
ses [1, 2], such as being the essential component of the cofac-
tor in vitamin B12 and other cobalamins, and in enzymatic
conversion, bone growth, and fat metabolism [3]. However,
high levels of Cr3+ can induce oxidative damage to some
cellular components, e.g. lipids, proteins, and DNA [4, 5].

Ni is an essential element for biota, owing to its bio-
logical functions. It can form a complex with amino acids,
peptides, phosphates, and other biotic ligand models such
as nucleic acids, and plays important roles in the activ-
ity of various enzymes, including hydrogenases, superoxide
dismutases, acireductone dioxygenases, acetyl-coenzyme,
carbon monoxide dehydrogenases, and catalytic processes.
However, the amount of Ni which is needed is very little.
The excess of Ni ion in any organism may cause adverse
health effects, e.g. dermatitis, allergy, carcinogenesis, and
even cell death [6]. Therefore, the detection and quantifica-
tion of Ni2+ and Cr3+ in industrial, environmental, and food
samples has become more and more important. There are
many methods, including spectrophotometric methods [7],
fluorophores [8] and atomic absorption spectrometry (AAS)
[9], for the detection of Ni2+ and Cr3+ ions. These methods
have been developed for measuring these ions in biologi-
cal and environmental samples in aqueous solution. Issues
with current methods, however, include operating costs and
time. The colorimetric assay method has attracted consid-
erable attention in recent years due to its ease of operation,
low cost, and high sensitivity.
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Colorimetric sensors, based on gold nanoparticles
(AuNPs), can offer a more practical approach for simple,
rapid, and highly sensitive detection. So far, AuNPs-based
colorimetric assay has been widely used because of the
plasmonic absorbance shift [10–14]. In these assays, ana-
lytes induce the aggregation of modified AuNPs, result-
ing in a color change from red to blue, which is easily
observed by the naked eye. The distance-dependent plas-
monic absorbance shift of AuNPs is a useful tool in the
development of colorimetric sensing of various analytes,
e.g. the detection of metal ions and organic compounds
[15–25], adrenaline [26] and naked-eye colorimetry for the
detection of Hg2+ and Ag+ in our previous study [27, 28].

In the present study, we developed a new AgNPs col-
orimetric sensor which functioned by covalently linking to
the surface of nanoparticles through the Au-N bond by rib-
avirin [29]. This method can be employed for the detection
of Ni2+ and Cr3+ in aqueous solutions. It is also effective
and practical when applied for the analysis of real water
systems.

2 Experimental Section

2.1 Materials and Methods

All the chemicals were purchased from Sigma-Aldrich and
used as received without further purification. Doubly dis-
tilled water was used for the experiments. The glassware
was washed with HCl : HNO3 = 3 :1 (v/v) and well rinsed
with MilliQ water prior to use.

2.2 Instrumentation

Absorption spectra were recorded on a Cary 100 at room
temperature. Transmission electron microscopy was car-
ried out on a Zeiss-EM10C-80 kV and ultrasonic Misonix-
S3000. Infrared spectra bands were recorded on a WQF-
510 spectrophotometer using pressed KBr pellets and are
reported in wave number (cm−1).

2.3 Synthesis of Ribavirin Functionalized Gold
Nanoparticles (Ribavirin-AuNPs)

Monodisperses ribavirin-AuNPs were prepared by the
reduction of HAuCl4 by sodium borohydride (NaBH4)
according to the previous studies [30, 31]. In brief,
the fresh sodium borohydride solution (NaBH4, 5 ml,
0.0072 mg mL−1) was first added dropwise to the aqueous
solution of 5 mL HAuCl4 (0.01 mg mL−1) under vigorous
stirring at room temperature. In about 20 min, a vividly red
solution was produced. After the ribavirin was added, the

gold colloidal solution was stirred for another 2 h to ensure
the self-assembly of the ribavirin onto the surface of the
AuNPs. Finally, the synthesized ribavirin-AuNPs were puri-
fied by centrifugation and re-dispersed in double-distilled,
deionized water twice.

2.4 Colorimetric Assay

Different metal ions (1 mL) of each metal ion (3.3 μM), i.e.
Co2+, Cr3+, Mg2+, Mn2+, Cr6+, Na+, Ni2+, Ag+, Al3+,
Ca2+, Cd2+, Cu2+, Fe2+, Fe3+, Hg2+, Cd2+, K+, Co3+,
Ni2+, Pb2+ and Zn2+, were separately added to 3.0 ml of
the stock solution containing ribavirin-AuNPs . The mix-
tures were maintained at room temperature for 10 min and,
then, their SPR absorption bands were recorded by a UV–vis
spectrophotometer. A significant change in the spectra with
distinct color change of red to blue was noted in the case
of Cr3+ and Ni2+, whereas for other metal ions, an almost
negligible change was observed.

2.5 Influence of pH on Ni2+ and Cr3+ induced
aggregation of ribavirin-AuNPs

Ribavirin-AuNPs were added with Ni2+ and Cr3+ for each
metal ion (100 μL × 2 × 10−5 M) in a 1.0 mL water

Fig. 1 a TEM image of ribavirin–AuNPs, the average particle size
is around 15 nm to 20 nm. b UV-vis spectrophotometry of ribavirin
–AuNPs


