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Introduction

Iron is an essential nutrient that helps the body perform many daily

functions. One of the main functions of iron is to carry oxygen

through the blood. Iron deficiency is most commonly associated

with the anemia. However, excess iron can damage human health

due to an increase in free radicals, and can lead to kidney failure,

liver damage, or even death [1].

Iron ions naturally exist in all types of rocks, soil and water. As the

water flows, the iron salts on the soil and rocks can be washed

away, so the water is often rich in iron, which will not only directly

affect the ingress of iron ions into the human body, but will also

change the taste of the water. Therefore, it is very important to

develop a simple, sensitive and reliable method for binding Fe (II)

ions [2].

A number of methods have been developed to detect ions in water

(atomic absorption spectrometry, inductively coupled plasma mass

spectroscopy, electrochemical methods), but they often require

complex sample preparation and advanced instruments. Due to its

low cost and ease of management, the colorimetric method has

received considerable attention in recent years [3].
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Chemically reduced silver

nanoparticles (Ag NPs)

were subsequently modified

by 4-mercaptobenzoic acid

(MBA) and used in this

work. The mercapto groups

(SH) of 4-MBA form Ag-S

bonds onto the surface of Ag

NPs. Free carbocylic groups

(COOH) of 4-MBA has

strong binding affinity to the

Fe2+ cations. As a result the

Ag-MBA-Fe complex is

formed (Fig. 1). Therefore,

modified by 4-MBA

nanoparticles (Ag-MBA

NPs) were used as

colorimetric Fe2+ sensors.

Synthesis and modification of

Ag NPs, formation of the Ag-

MBA-Fe complex were

monitored by High Resolution

Transmission Electron

Microscopy (HR-TEM) (Fig. 2).

The color exchange from

greenish to gray indicates the

biding of Fe2+ and formation of

the Ag-MBA-Fe complex.

Moreover, a new absorbance

peak at around 860 nm emerges

in the UV–Vis spectrum (Fig. 3).

We were also successful in

obtaining the Surface-Enhanced

Raman Spectroscopy (SERS)

spectrum of Ag-MBA-Fe

complex (Fig. 4, Table 1).
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General methods and equipment

UV-Vis absorption spectra were obtained by using

Lambda 25 Spectrophotometer in the range 200-1100 nm.

High-resolution transmission electron microscopy (HR-

TEM) images were recorded by using FEI Tecnai G2 F20

X-TWIN microscope with scanning TEM module,

equipped with a high-angle annular dark-field detector for

Z-contrast imaging and an X-ray energy-dispersive

spectroscopy detector.

Raman and SERS spectra were recorded using Echelle

type spectrometer RamanFlex 400 equipped with a

thermoelectrically cooled (−50 °C) CCD camera and fiber-

optic cable. The 785 nm beam of the diode laser was used

as the excitation source. The 180° scattering geometry was

employed. The laser power at the sample was restricted to

50 mW. The integration time was 10 s. Each spectrum was

recorded by accumulation of 10 scans.

Fig. 2. HR-TEM images of 60±5 

nm Ag NPs (A), Ag-MBA NPs (B) 

and Ag-MBA-Fe complex (C).

Fig. 3. UV-Vis spectra of Ag NPs (A), Ag-

MBA NPs (B) and Ag-MBA-Fe complex (C).

Fig. 1. Schematic representation of Ag-MBA NPs preparation, and

Ag-MBA-Fe complex formation.

Fig. 4. Raman spectrum of Ag NPs (A), SERS spectra 

of Ag-MBA NPs (B) and Ag-MBA-Fe complex (C). 

Conclusions

In summary, we were able to synthesize the

60±5 nm silver nanoparticles that were modified

by 4-MBA. Such nanoparticles have been used

as a colorimetric tools for the detection of Fe2+

ions. The agregation process was demonstrated

by color exchange and UV-Vis spectroscopy.

The complex formation was also supported by

HR-TEM measurements. Furthermore, we were

capable to capture the SERS spectrum of Ag-

MBA-Fe complex.

The 10-3 M concentration of Fe2+ ions were

detected in this work, but we have reason to

believe that the observation limits may be lower.
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Table 1. Assigned Raman peaks for

different molecular groups of MBA [4].

Wavenumber/cm-1 Band assignment

1781 C=O symmetric stretching

1588 C-C stretching

1484 Ring bending

1387 COO- symmetric stretching

1186 C-H bending

1147 C-H bending

1075 CH in-plane bending

1013 Ring breathing

845 COO- bending

520 Ring out-of-plane bending
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