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A B S T R A C T

An effective and sensitive method for electrochemical determination of iron was reported, based on the
ionic liquid-reduced graphene oxide (IL-rGO) supported gold nanodendrites (AuNDs). IL-rGO as a soft
support could provide large specific surface area for AuNDs and make them smaller sizes and unique
forms, which would benefit to the electrochemical reduction of iron. Nafion is employed as a cation
exchange polymer in which IL-rGO and AuNDs can be tightly attached to the electrode surface. The
proposed sandwich structured IL-rGO/AuNDs/Nafion modified electrode shows excellent electrochemi-
cal properties. The IL-rGO/AuNDs/Nafion modified electrode combined individual advantages as a whole
and showed good responses for iron ions. Under the optimized conditions, the reduction peak currents of
iron have a good linear relation with its concentrations ranging from 0.30 to 100 mmol L�1 with the
detection limit of 35 nmol L�1. More importantly, this sandwich structured modified electrode had a good
anti-interference ability and successfully applied in the determination of the total dissolved iron in
coastal waters.

ã 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Iron is widely distributed in nature and it is an essential
nutrient and is abundant in many mineral oxides that exchange
iron with surface and ground waters through dissolution and
precipitation. Its most common oxidation states are Fe(II) and Fe
(III); Fe(II) is a relatively soluble species in water, which is rapidly
oxidized in oxygen rich environments. Conversely, Fe(III) forms
strong complexes and is thermodynamically stable in water albeit
of low solubility [1]. The concentration of soluble iron in natural
water is significantly different than those in river water (1 mmol
L�1), coastal water (1 nmol L�1), and ocean water (10 pmol L�1) [2].
However, iron concentration can be higher in sediment pore
waters. Iron can be determined by several methods such as
inductively coupled plasma mass spectrometry (ICP-MS) [3],
atomic absorption spectrometry (AAS) [4], cathodic stripping
voltammetry (CSV) [5–7], luminescence [8], and spectrophotome-
try [9,10], preceded sometimes by column preconcentration.

However, most of the sensitive and selective methods available
are expensive to be used in routine analysis (ICP-MS and AAS). In
fact, chemical modification of the electrode surface not only can
lead to an increased electrocatalytic activity, but also better
analytical selectivity and sensitivity is often achieved.

Nanomaterials play interesting roles in various fields of
analytical chemistry [11–14]. In recent years, graphene has
received considerable attention due to its high surface area
(2600 m2g�1), high chemical stability, excellent conductivity and
strong mechanical strength. However, graphene sheets, unless well
separated from each other, tend to form irreversible agglomerates
or even restack to form graphite through van der Waals
interactions. Graphene-nanoparticle composites have become a
hot research topic in material science because the composite
process can be an effective strategy to enhance their electronic,
chemical, and electrochemical properties [15–17]. However, the
lack of an efficient approach to produce polydisperse and long-
term stable graphene sheets in different solvents has been a major
obstacle to their exploitation in most of the proposed applications.
Therefore, great efforts have been made to increase its solubility
through the functionalization of graphene such as sulfonated
graphene [18–20], using polymers or other molecules as function-
alization reagents [21–24]. Among these functionalization
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reagents, ionic liquids (ILs) have attracted much attention because
of their tunable structures and unique physicochemical properties
such as wide electrochemical windows, high ionic conductivity,
superior thermal stability, good solubility, and biocompatibility
[25,26]. Furthermore, the introduction of IL moieties into
functional graphene composites could not only increase their
solubility, but also improve their performance.

Gold nanomaterials have the unique properties such as
facilitating electron transfer between the species and electrode
[27–29]. Gold nanostructures are more diverse, such as flowers
[30] and rods [31]. Among them, there is an increasing interest for
the fabrication of gold dendrites (AuNDs) [32]. Gold nanoparticals
(AuNPs) is two-dimensional (2D) layer on the electrode surface.
Compared to 2D AuNPs structure, AuNDs, which has a hyper-
branched three-dimensional (3D) architecture, substantially
enlarges the surface area of the electrode available for electro-
chemical detections.

In present work, ionic liquid-reduced graphene oxide (IL-rGO)
was used as a support for electrochemical deposition of AuNDs. The
resulting IL-rGO/AuNDs/Nafion modified electrode showed excel-
lent electrochemical activities for iron ions. IL-rGO could provide
large specific surface area for AuNDs and make it form smaller
particles of the 3D structure, while AuNDs might facilitate electron
transfer between the iron ions and electrode. Nafion was utilized as
membrane matrix to improve the stability of electrode and
accelerate the ion-exchange. The IL-rGO/AuNDs/Nafion modified
electrode exhibited excellent selectivity, reproducibility and long-
term stability for the determination of Fe(III) with lower detection
limit and wider linear range. This novel sandwich structured IL-rGO/
AuNDs/Nafion modified electrode was also applied for the determi-
nation of total dissolved iron in real coastal waters.

2. Experimental

2.1. Reagents

Iron standard solution was purchased from Acros Organics. 1-
(3-aminopropyl)-3-methylimidazolium chloride (IL-NH2) was
supplied by Shanghai Cheng Jie Chemical Co. Ltd. Graphene was
supplied by Nanjing Jcnano Technology Co. Ltd. HAuCl4�4H2O were
purchased from Sinopharm Chemical Reagent Co. Ltd. Nafion (5%)
was purchased from Sigma Co. Ltd. All other chemicals were of
analytical reagents and used without further purification. All
experiments were conducted at room temperature, and the
solutions were used in the process without nitrogen atmosphere.

Deionized water (18.2 MV cm specific resistance) obtained with a
Pall Cascada laboratory water system was used throughout.

2.2. Apparatus

The morphology of the modified electrodes was characterized
by using scanning electron microscopy (SEM Hitachi S-4800 mi-
croscope, Japan). All electrochemical experiments were carried out
in a conventional three-electrode cell controlled by Electrochemi-
cal Work Station (CHI 660D, CH Instruments, Inc.). A modified
glassy carbon (GC) disk (3 mm in diameter) was used as the
working electrode, with Ag/AgCl and platinum foil serving as the
reference and counter electrodes, respectively. All potential values
given below refer to Ag/AgCl.

2.3. Synthesis of IL-rGO

IL-rGO was synthesized by an epoxide ring-opening reaction
between graphene oxide (GO) and the IL-NH2 according to the
previous report [22]. Firstly, IL-NH2 (10 mg) was added into 10 mL
of GO homogeneous dispersion in water (0.5 mg mL�1), Secondly,
KOH (10 mg) was added into the above turbid mixture and then the
mixture was subjected to ultrsonication for 30 min. Finally, the
homogeneous solution was vigorously stirred at 80 �C for 24 h. The
resulting IL-rGO was subsequently centrifuged, washed with
ethanol and water, dried under room temperature in the air,
and re-dispersed in ultrapure water (0.5 mg mL�1).

2.4. Preparation of the IL-rGO/AuNDs/Nafion modified electrode

Prior to use, the GCE was polished using aqueous alumina slurry
(0.3 and 0.05 mm), washed with deionized water thoroughly, and
then ultrasonicated for 1 min. The IL-rGO suspensions (10 mL) were
added on the surface of GCE and dried using an infrared lamp to get
the IL-rGO composite modified electrode(GCE/IL-rGO). The modi-
fied electrode was then immersed in a 1.0 mmol L�1 chlorauric acid
solution containing 0.2 mol L�1 of sodium sulfate to electrodeposit
gold with constant potential at �0.2 V for 60s. Lastly, 6 mL of 0.5%
Nafion solution was dropped on the GCE/IL-rGO/AuNDs and dried
at room temperature to form a uniformly coated electrode (GCE/IL-
rGO/AuNDs/Nafion). The obtained GCE/IL-rGO/AuNDs/Nafion was
washed carefully with deionized water and then dried at room
temperature. The schematic illustration of the stepwise self-
assembly procedure is shown in Scheme 1. In order to compare
with the electrochemical behavior for different electrodes, three

Scheme 1. The schematic illustration of the stepwise self-assembly procedure.

F. Li et al. / Electrochimica Acta 176 (2015) 548–554 549



modified electrodes, that is, GCE/Nafion, GCE/IL-rGO and
GCE/IL-rGO/AuNDs were fabricated using a similar method.

2.5. Analysis procedure

Unless otherwise stated, the experiments were performed in the
0.1 mol L�1 HCl electrolyte. CV and SWV methods were adopted. The
parameters used in CV are as follows: initial potential of �0.2 V, final
potential of 0.6 V and a scan rate of 100 mV s�1. The reduction
responses of Fe(III) to Fe(II) on the bare and modified electrode were

investigated by SWV, using the following parameters: initial
potential of 0.65 V, final potential of 0.2 V, an amplitude of 0.025 V,
potential incremental of 0.001 V, and an equilibrium time of 2s.

2.6. Real sample pretreatment

Sediments 1 and 2 were gained from the Bohai Sea (Shandong
province, China) at different locations. The sample treatment was
performed as follows: the sediments were centrifuged at 3000 rpm
for 15 min to separate the pore water. The pore water was then

Fig. 1. SEM micrograph of the GCE/AuNPs (a), GCE/IL-rGO/AuNDs (b and c), GCE/IL-rGO/AuNDs/Nafion (d) and TEM micrograph of GCE/IL-rGO/AuNDs (e and f).
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acidified with 3 mol L�1HNO3 to adjust the pH less than 2.0 and kept
at 4 �C until determination. Voltammetric measurements were
performed on unfiltered samples diluted ten times of sediment pore
waters with the 0.1 mol L�1 HCl supporting electrolyte immediately
prior to measurement. Coastal river water was collected from
Guangdang river (a local coastal river, which flows into the Bohai Sea,
Shandong province, China) and coastal sea water of Bohai Sea. All the
water samples were collected in acid-cleaned polyethylene bottles
after filtration (0.45 mm membrane filters) and kept at 4 �C until
determination. Voltammetric measurements were performed on
water samples diluted ten times with the 0.1 mol L�1HCl supporting
electrolyte immediately prior to measurement.

3. Results and discussion

3.1. Characterization of the IL-rGO/AuNDs/Nafion modified electrode

Fig. 1 shows the surface morphologies of GCE/AuNPs (Fig. 1a),
GCE/IL-rGO/AuNDs (Fig. 1b and Fig. 1c), GCE/IL-rGO/AuNDs/Nafion
(Fig. 1d) and TEM micrograph of GCE/IL-rGO/AuNDs (Fig. 1e and
Fig. 1f). In Fig. 1a, the AuNPs were rough and non-uniform and the
shape of them were spherical. Compared with Fig. 1a, Fig. 1b and
Fig. 1c show plenty of AuNDs appeared in the IL-rGO film, which
demonstrates a well ordered dendritic nanostructure. Fig. 1e and
Fig. 1f further indicate the successful attachment of the AuNPs on
the IL-rGO composite and the shape of Au is dendritic nanostruc-
ture. Considering the flakes structure of IL-rGO [22], the form of Au
has been changed obviously. This is probably attributed to the slow
crystal procedure in IL and the existence of rGO. IL-rGO has high
viscosity and the structure of it is stereo. Au will be electro-
deposited on IL-rGO and become dendrites on the surface of
electrode. Additionally, in order to further prove that the nano-
dendrites were gold, GCE/IL-rGO/AuNDs was characterized by EDX
(not shown). The EDX result showed that strong Au signals could be
detected. Nanodendrites are highly branched with a well-defined
3D and globular structure. The SEM and TEM photographs
illustrates that the IL-rGO is successfully modified on the surface
of the GCE and have a well-defined morphology with almost
uniform size and shape. Obviously, Fig. 1d shows that there is a
layer of mulch on the surface of AuNDs compared with Fig. 1b. The
SEM results indicate sandwich structured IL-rGO/AuNDs/Nafion
are successfully modified on the surface of the GCE.

The active surface areas of the modified electrodes were
estimated according to the slope of the Ip versus v1/2 plot for a
known concentration of K3Fe(CN)6, based on the Randles-Sevcik
equation:

Ip = 2.69 � 105n3/2AD1/2 v1/2 c0 (1)

Where Ip refers to the anodic peak current. n is the electron
transfer number. A is the surface area of the electrode. D is the
diffusion coefficient. c0 is the concentration of K3Fe(CN)6 and v is
the scan rate. For 1.0 mmol L�1 K3Fe(CN)6 in 0.10 mol L�1 KCl
electrolyte, n equals 1 and D is 7.6 � 10�6 cm s�1. The active surface
areas were calculated from the slope of the Ip vs. v1/2. Thus, the
surface areas of GCE/IL-rGO/AuNDs, GCE/IL-rGO and GCE are 0.11,
0.097 and 0.061 cm2, respectively. The results showed that the
presence of IL-rGO and AuNDs can cause the increase of the active
surface of the electrode obviously.

The typical CVs for GCE/IL-rGO/AuNDs/Nafion,
GCE/IL-rGO/AuNDs, GCE/IL-rGO and bare GCE were recorded
between -0.2 V and 0.6 V in 1 mmol L�1 Fe(CN)63�/4� and
0.1 mol L�1 KNO3 solution (Fig. 2). Quasi-reversible one-electron
redox behavior of Fe(CN)63�/4� was observed on the bare GCE
(Fig. 2a), with a peak separation (DEp) of 83 mV and peak current
(Ip) was 10.1 mA. After the electrode was modified with IL-rGO

(Fig. 2b), Ip was increased and DEp was decreased compared with
the bare GCE, indicating that IL-rGO has a catalytically active
surface and a very high aspect ratio. For the deposition of AuNDs on
the GCE/IL-rGO (Fig. 2c), Ip was increased and DEp was decreased
compared with that of the IL-rGO modified electrode, indicating
that AuNDs play a role in the increase of the electroactive surface
area. However, the Ip of the modified IL-rGO/AuNDs/Nafion
electrode (Fig. 2d) was decreased compared with that of the bare
GCE, due mainly to the blocking behavior of Nafion and it is
negatively charged and hinders the diffusion of Fe(CN)63�/4�

toward the electrode surface.

3.2. Electrochemical behavior of iron on the IL-rGO/AuNDs/Nafion
modified electrode

Fig. 3 shows the SWVs of GCE/Nafion (Fig. 3a), GCE/IL-rGO/AuNDs
(Fig. 3b) GCE/AuNPs/Nafion (Fig. 3c) and GCE/IL-rGO/AuNDs/Nafion
(Fig.3d) in0.1 mol L�1HCl solution containing 5 mmol L�1Fe(III). The
small reduction peak of Fe(III) was obtained at GCE/Nafion,
GCE/IL-rGO/AuNDs and GCE/AuNPs/Nafion. The peak potential of
iron is 0.43 V, 0.45 V and 0.43 V, the peak current of iron is 0.30 mA,
0.46 mA and 0.85 mA (Fig. 3a, Fig. 3b and Fig. 3c), respectively. While
the peak potential of iron at GCE/IL-rGO/AuNDs/Nafion is 0.43 V and
the peak current is 2.43mA (Fig. 3d). The peak current of iron at the
GCE/IL-rGO/AuNDs/Nafion showed up to the 7-fold, 4-fold and
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Fig. 2. CVs of bare GCE (a), GCE/IL-rGO (b), GCE/IL-rGO/AuNDs (c) and
GCE/IL-rGO/AuNDs/Nafion (d) in 1 mmol L�1 [Fe(CN)6]3�/4� and 0.1 mol L�1 KCl
solution in the potential range of -0.2 to 0.6 V. Scan rate: 50 mV s�1.
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Fig. 3. SWVs of GCE/Nafion (a), GCE/IL-rGO/AuNDs (b), GCE/AuNPs/Nafion (c) and
GCE/IL-rGO/AuNDs/Nafion (d) in 0.1 mol L�1 HCl containing 5 mmol L�1 iron. Scan
rate: 25 mV s�1.
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3-fold improvement than that at GCE/Nafion, GCE/IL-rGO/AuNDs
and GCE/AuNPs/Nafion. As a result of the catalysis of AuNDs, the
reductionpeakpotential of iron shiftedpositivelysuggestingthat the
AuNDs not only possess strong electrocatalytic activity toward the
redox reaction but also promoted the electron-transfer rate on the
surface of the electrode. IL not only works as reducing agent for GO
but also makes the crystal procedure of Au slowly due to its high
viscosity. IL-rGO has high electronic, chemical, electrochemical
properties, provides large specific surface area for AuNDs and makes
them smaller sizes and unique forms, which would benefit to the
electrochemical reduction of iron. Nafion is employed as a cation
exchange polymer in which IL-rGO and AuNDs can be tightly
attached to the electrode surface.

To obtain the kinetic parameters of Fe(III) at the sandwich
structured IL-rGO/AuNDs/Nafion modified GCE, the relationship
between scan rate and the peak current of iron was also investigated
by linear sweep voltammetry. Fig. 4 shows that the cathodic peak
current increased linearly with the increasing scan rate from 25 to
300 mV s�1. Thisresult indicatedthatthe electro-reductionreactions
of iron at the GCE/IL-rGO/AuNDs/Nafion are typical adsorption-
controlled processes. The determination mechanism of Fe(III) on
GCE/IL-rGO/AuNDs/Nafion is shown in Scheme 1.

3.3. Optimization for iron measurement on IL-rGO/AuNDs/Nafion
modified electrode

3.3.1. Effect of the amount of the IL-rGO
The amount of the IL-rGO composite at the electrode surface was

investigated at the volumes ranging from 6.0 to 14.0 mL (Fig. 5). The
cathodicpeakcurrent increasedgraduallyfrom6.0to10.0 mLvolume
of the composite. The maximum current was observed at avolume of
10.0mL. Then, the cathodic peak current decreased with increasing
volume from 10.0 to 14.0 mL because the redundant IL-rGO may
hinder the electron transfer between Fe(III) and the electrode. The
compositecouldnotcovertheelectrodesurface,andthemodifierwas
uneven at volumes less than 10.0mL. Thus, 10.0mL volume of the
composite was considered as the optimal film thickness.

3.3.2. Effect of the deposition time of the AuNDs
The deposition time of the AuNDs at the GCE/IL-rGO surface

was investigated at the time ranging from 30s to 80s (Fig. 6). The
cathodic peak current gradually increased from 30s to 60s. The
maximum current was observed at the deposition time of 60s. But
the cathodic peak current decreased with increasing deposition
time from 60s to 80s because the size of AuNDs became bigger and

the specific surface area decreased. Thus, 60s of the deposition
time of AuNDs was considered as the optimal deposition time.

3.3.3. Effect of the amount of Nafion solution
The effect of the amount of Nafion at the GCE/IL-rGO/AuNDs

surface was investigated at the volumes ranging from 2.0 to 10.0 mL
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Fig. 4. Linear relationship of scan rate (from 25 mV s�1 to 300 mV s�1) versus
reduction current response of 10 mmol L�1 iron in 0.1 mol L�1 HCl.
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5 mmo L�1 iron in 0.1 mol L�1 HCl on GCE/IL-rGO/AuNDs/Nafion.
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of 5 mmol L�1 iron in 0.1 mol L�1 HCl on GCE/IL-rGO/AuNDs/Nafion.
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Fig. 7. Effect of the amount of Nafion solution on the reduction current response of
5 mmol L�1 iron in 0.1 mol L�1 HCl on GCE/IL-rGO/AuNDs/Nafion.

552 F. Li et al. / Electrochimica Acta 176 (2015) 548–554



(Fig. 7). The cathodic peak of iron current gradually increased from
2.0 to 6.0 mL of the Nafion solution. The maximum current was
observed at a volume of 6.0 mL. However, the cathodic peak current
decreased with increasing volume from 6.0 to 10.0 mL because the
redundant Nafion may hinder the electron transfer between Fe(III)
and the AuNDs. The Nafion could not cover the electrode surface, and
the modifier was uneven at volumes less than 6.0 mL. Thus, 6.0 mL of
the Nafion solution was considered as the optimal amount.

3.4. Calibration Curve

The calibration curve of the Fe(III) was derived from the SWVs
obtained at the GCE/IL-rGO/AuNDs/Nafion in 0.1 mol L�1 HCl under

the optimal conditions (Fig. 8). The peak current increased linearly
in the Fe(III) concentration ranging from 0.3 to 100 mmol L�1. The
equation for linear regression was expressed as follows:

Ip = �0.394c-0.204 (0.3-100 mmol L�1, R2 = 0.995) (2)

The sensitivity and detection limit of the GCE/IL-rGO/AuNDs/
Nafion for Fe(III) determination were 0.39 A mol�1 L and 35 nmol
L�1 (S/N=3), respectively. Additionally, comparisons about iron
determination by electrochemical and other analytical methods
were presented in Table 1. The electrochemical methods showed
relatively superior performances, such as simple procedure, cheap
instrument, low testing cost, relatively lower detection limit and a
good linear range without using chelating agents. Above all, the
GCE/IL-rGO/AuNDs/Nafion may be a good choice for iron
determination.

3.5. Reproducibility, repeatability and selectivity

The reproducibility of GCE/IL-rGO/AuNDs/Nafion was investi-
gated in 5 mmol L�1 Fe(III) by ten independently modified
electrodes prepared with the same method and the corresponding
relative standard deviation (RSD) was 5.5%, which indicated that
there was no significant difference among the analytical signals
between the prepared electrodes. The repeatability of the
developed method was also evaluated by detecting 5 mmol L�1

Fe(III) using the same electrode for 10 measurements with RSD was
3.9%. Hence, the GCE/IL-rGO/AuNDs/Nafion showed good repro-
ducibility and repeatability.

The oxygen present in the solution was helpful to the detection
because it can relatively accelerate the redox of Fe(III)/Fe(II).
Moreover, the selectivity of the GCE/IL-rGO/AuNDs/Nafion for the
iron determination was investigated by adding various foreign
species into 0.1 mol L�1 HCl containing 5 mmol L�1 Fe(III). The 500-
fold Na+, K+, 300-fold Ca2+, 100-fold Mn2+, Cd2+, 50-fold Zn2+, Mg2+,
Al3+, 10-fold Cr3+, 5-fold Cu2+, Pb2+ did not affect the determination

Fig. 8. The calibration curve for iron determination. Left: SWVs of the GCE/IL-rGO/
AuNDs/Nafion at different iron concentrations (from 0.3 mmol L�1 to 100 mmol L�1)
in 0.1 mol L�1 HCl. Scan rate: 25 mV s�1.

Table 1
Comparison of the electrochemical methods and other analytical methods for iron determination.

Methods Electrode/agents Linear range (nmol L�1) Detecting limit (nmol L�1) Sensitivity(A mol�1 L) References

ICP-MS nitrilotriacetic acid chelating resin 0.04-10 0.02-0.07 Not mentioned [3]
CSV mercury coated, gold, micro-wire electrode Not mentioned 0.1 Not mentioned [5]
DPVa rGO/MB/AuNPsb composite modified

electrode
300-100,000 15 0.034 [33]

DLLMEc/UV-vis 5-Br-PADAPd and ascorbic acid 90-7000 27 Not mentioned [10]
CSV CMGCEe 357-5,357 178 Not mentioned [34]
SWV EPPGf electrode Not mentioned 2000 0.06 [35]
SWV GCE/IL-rGO/AuNDs/

Nafion
300-100,000 35 0.39 Present work

a Differential pulse voltammetry.
b Reduced grapheme oxide/Methylene Blue/gold nanoparticles.
c Dispersive liquid–liquid microextraction.
d 2-(5-bromo-2-pyridylazo)-5-(diethyl amino) phenol.
e Chitosan modified glassy carbon electrode.
f Edge plane pyrolytic graphite.

Table 2
Comparison of this method and ICP-MS for determination of total dissolved iron in real sediment pore waters and coastal waters (n=3).

Samples Iron added (mmol L�1) Detected by GCE/IL-rGO/AuNDs/
Nafion

Detected by ICP-MS (mg g�1) Recovery(%)

mg g�1

sediment pore water 1 0 27.6 � 0.36 28.0 � 0.20 –

sediment pore water 2 0 19.7 � 0.24 20.0 � 0.14 –

mmol L�1

Coastal river water 10.0 10.3 � 0.21 – 103.2
Coastal sea watera 5.0 4.9 � 0.30 – 97.1

a The salinity is 14.8m.
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of iron (<5 % of response current change). These results indicated
excellent selectivity of the proposed electrode.

3.6. Practical application of IL-rGO/AuNDs/Nafion modified electrode

To evaluate the practical application of the established
electrode, the GCE/IL-rGO/AuNDs/Nafion was used for the total
dissolved iron determination in coastal water samples. The
concentration of iron was estimated by standard addition method.
The calculated result of sediment pore water samples were in
agreement with the value detected by ICP-MS and the comparison
results were displayed in Table 2. Obviously, the results were
consistent with ICP-MS detection, indicating that the fabricated
electrode may function as a new and functional electrochemical
sensor for the total dissolved iron determination in waters from
coastal zone area.

4. Conclusions

In summary, a novel and effective sandwich structured
IL-rGO/AuNDs/Nafion modified electrode was fabricated for
sensitive determination of Fe(III). Compared to the GCE/Nafion
and GCE/IL-rGO/AuNDs, the obtained IL-rGO/AuNDs/Nafion modi-
fied GCE enhances significantly the reduction signal of Fe(III) with
a detection limit of 35 nmol L�1. Moreover, the modified electrode
showed excellent reproducibility, repeatability and selectivity for
determination of total dissolved iron in coastal water samples. The
fabricated electrode may function as a novel electrochemical
sensor for determination of iron and is a promising platform for
accurate electroanalysis of trace iron.
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