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Graphene oxide (GO) was chemically modified with a poly(propylene)imine Generation 3.0 dendrimer
(DAB-Am-16). The characterization, structure and properties of hybrid graphene oxide/DAB-Am-16
dendrimer was studied by Raman spectroscopy, Fourier-Transforming Infrared Spectroscopy (FT-IR), X-
Ray Photoelectron Spectroscopic (XPS), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and
Thermogravimetric analysis. After functionalized the hybrid material (GOD) can interact with copper and
subsequently with hexacyanoferrate (III) ions (GODHCu). The GODHCu incorporated into a graphite paste
electrode (20% w/w) was applied to an electrocatalytic detection of neurotransmitter L-dopamine using
differential pulse voltammetry. The analytical curve showed a linear response in the concentration range
from 1.0 � 10�7 to 1.0 � 10�5 mol L�1 with a corresponding equation Y(A) ¼ 1.706 � 10�5 þ 0.862 [L-
dopamine] and a correlation coefficient r2 ¼ 0.998. The detection limit was 6.36 � 10�7 mol L�1 with a
relative standard deviation of ±4% (n ¼ 3) and an amperometric sensitivity of 0.862 A/mol L�1.

© 2017 Elsevier Masson SAS. All rights reserved.
1. Introduction

The sheet of graphite oxide, now called graphene oxide (GO), is
the product of the chemical exfoliation of graphite and has been
known for more than a century [1,2]. This intriguing material has
attracted major interdisciplinary attention due to the wide range of
applications envisaged across several scientific and engineering
fields including physics, chemistry, biology, and medicine [3e7].
Compared to graphene, graphene oxide has hydroxyl and epoxide
groups in the basal plane and carboxyl groups on its exposed edges,
its molecular structure [8] also allows for additional supramolec-
ular interactions that can be exploited for various functional ap-
plications, including biosensing [9] and drug delivery [10].

The chemical functionalization of the GO is still a subject un-
explored and replication new methods to modify the GO are
required [11]. The new chemically modified graphene with specific
molecular architectures is highly desired in the field of sensors or to
change the electronic properties of graphene [12,13]. Among a va-
riety of functionalization methods for graphene based materials,
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the use of reagents containing nitrogen have attracted great
attention. Thus, the chemical functionalization, while preserving
the carbon backbone, is one of the main challenges for the prepa-
ration of new GO-based molecular architectures with a controlled
structure, since GO decomposes in water and permanent defects
are introduced in an uncontrolled manner by the cleavage of the
carbon framework [14].

GO was recently applied to prepare polymer nanocomposite
hydrogels with improved mechanical performance compared to
conventional hydrogels [15,16] and various self-assembly ap-
proaches were used to prepare physically crosslinked GO-polymer
nanocomposite hydrogels [17,18]. The driving forces to form these
hydrogels were physical interactions, including p�p interaction,
hydrogen bonding, electrostatic interaction and coordination [19].

The recent availability of water-soluble graphene oxides (GO)
obtained by the acid oxidation of the graphite powder allows gra-
phene functionalization through several reactions in solution
[19e21] to be used as a precursor in the production of nano-
composites with better mechanical, thermal and/or electrical
properties [22,23] and when modified chemically or electrochem-
ically, it can result in an excellent electrochemical sensor.

Dendrimers are a type of organic molecules which are highly
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branched and monodisperse [24]. Polyamidoamine (PAMAM)
dendrimers have been extensively studied in the biomedical field
because of their low cytotoxicity, controllable size and ease of
functionalization [25].

Awide variety of synthesized dendrimers and their applications
are described in many reviews, articles and patents [26e33] in all
fields of knowledge. The rigid spheroidal architecture of these
molecules leads to several properties such as: low viscosity, high
solubility andmiscibility, high reactivity in the terminal chains. The
combination of dendrimers and graphene oxide was introduced to
develop hybrid nanomaterials in different forms. PAMAM is the
most commonly used class dendrimer for chemical modification of
graphene oxide. The PAMAM-modified GO nanosheets and
GO�PAMAM composites, showing an excellent adsorption capac-
ity, theywere investigated for the removal of heavymetal ions from
wastewater [34,35]. Another potentially dendrimer for the chemi-
cal modification of graphene is the poly(propylene)imine Genera-
tion 3.0 (DAB-Am-16). The DAB-Am-16 also has the ability to
chelate many metals [36] in a controlled manner and plays an
important biological role because they are used with drugs and
others medical applications [31]. The chemical modification of
graphenewith dendrimers of the two classes above, as well as their
physical and chemical aspect, specifically for DAB-Am-16 are very
restricted and not much explored.

In this context, chemically modified graphene oxide with DAB-
Am-16 dendrimer (GOD) can serve as a chelator of different
metals, such as Cu2þ, as well as the matrix for the inclusion of
important organic and inorganic molecules of pharmacological
interest. In the present work, we synthesize GODHCu composite
through two steps: i) an electrostatic interaction of the hex-
acyanoferrate ion [Fe(CN)6]3- with protonated NH2 groups (eNH3

þ)
at the chain end of the dendrimer which is not covalent linkage in
the graphene oxide surface (GODH). ii) and a subsequent reaction
of GODH with copper ions (Cu2þ) (OGDHCu). As a direct applica-
tion, GODHCuwas tested in the electrocatalysis of neurotransmitter
L-dopamine using differential pulse voltammetry (DPV).

2. Experimental

2.1. Reagents and solutions

Graphene oxide powder (15e20 sheets, 4e10% edge-oxidized),
poly(propylene)imine hexadecaamine dendrimer (DAB-Am-16
(Generation 3.0)), N,N′-Dicyclohexylcarbodiimide (DCC), graphite
and L-Dopamine were purchased from Aldrich and all other re-
agents and solvents used in this work were analytical grade (Alpha
Aesar, Merck) and were used as received (without further purifi-
cation). All solutions were prepared using deionized water with
resistivity of not less than 18.2 MU cm. L-Dopamine solutions were
prepared immediately before use.

2.2. Functionalization of graphene oxide powder with
poly(propylene)imine hexadecaamine dendrimer (GOD)

GOD powder was functionalized according to the procedure
described in the literature [37], with some modifications described
as shown in the Scheme (Fig. 1). In a 250 mL round-bottom flask,
1.0 g of graphene oxide powder, 0.672 g of dendrimer and 0.100 g
of: N,N0-Dicyclohexylcarbodiimide (DCC) (as catalyst) were dis-
solved in 50 mL of ethanol, followed by ultrasonication for 10 min.
The mixture was then refluxed for 24 h. Once the reaction was
completed, the resulting solution was evaporated and the solid
product was vacuum filtered through a 0.22 mm polyvinylidene
difluoride (PVDF) membrane and washed exhaustively with
ethanol to remove unreacted dendrimer. The final product (GOD
powder) was dried in a vacuum oven (70 �C). The final product yield
was 1.171 g.

2.3. Preparation of chemically modified graphite paste electrodes

The graphite paste electrodes were prepared bymixing the GOD
(20 mg), graphite powder (80 mg) and nujol oil (25 mL). The elec-
trode body was fabricated from a glass tube of i.d. 3 mm and height
of 14 cm, containing graphite paste. A copper wire was inserted
through the opposite end to establish electrical contact. After the
mixture had been homogenized, the modified paste was carefully
placed at the tip of the tube avoid possible air gaps, which often
enhances electrode resistance. The external surface of the electrode
was smoothed on soft paper [38].

2.4. Characterization measurements

The Raman spectroscopic measurements were carried out using
a HORIBA JOBIN YVON HR800UV Raman spectrometer with He-Ne
laser and an Argon ion laser was used for 633 nm excitation. X-ray
photoelectron spectroscopy (XPS) measurements were performed
in a UNI-SPECS UHV surface analysis system using Al Ka radiation
(hn ¼ 1486.6 eV) and a pass energy of 10 eV for high-resolution
spectra. The Casa XPS software was used for the determination of
the surface composition and for the deconvolution of the C 1s; O 1s;
N 1s spectra using a Shirley baseline and Voigt profiles. The
vibrational spectra of the materials were obtained by a Nicolet
5DXB FT-IR spectrometer (Nicolet Instruments, Madison, WI). The
pastilles for analysis were prepared using 150mg of KBr (previously
dried) and 1.5 mg (1.0% (m/m)) of each sample. A minimum of 64
“scans”with a resolution of ±4 cm�1 in a band of 4000 to 400 cm�1

was used. The X-Ray diffraction characterization was carried out
using Rigaku Ultima IV diffractometer with Cu Ka radiation
(l¼ 1.5418 Å) and 2q range between 5� and 30�. Themicrostructure
was observed using a field-emission scanning electron microscope
(FE-SEM, JSM-6700 F, Japan). The thermal analyzes of the samples
were carried out using two equipment's e SDT 2960 from TA In-
struments and SDT Q600 from TA Instruments. The thermogravi-
metric curves were obtained using approximately 6 mg samples
placed in alumina crucibles and subjected to a controlled air tem-
perature program and nitrogen flow of 100 mL min�1, with a
heating rate of 10 �Cmin�1. The sample analyzes were performed at
the room temperature interval up to 1200 �C. Electrochemical
Measurements was preformatted using the PALM SENS 3 poten-
tiostat. The three electrode systems used in these studies consisted
of a modified working electrode (graphite paste electrode) an Ag/
AgCl(sat.) reference electrode, and a platinum wire as the auxiliary
electrode. The measurements were carried out at 25 �C.

3. Results and discussion

3.1. Raman spectroscopy

Raman spectroscopy is a very powerful tool and allows a rela-
tively easy and effective approach to investigate any structural
changes resulting from the chemical modification of graphene
oxide. However, this technique can provide an important insight
into the characterization, considering the fact that the conjugated
and double carbon-carbon bonds lead to high Raman intensities
[39].

The Raman spectrum of graphene oxide modified with den-
drimer (GOD) is shown in Fig. 2(A). The spectrum of GOD displays
three prominent bands at 1323 (D band), 1567 cm�1 (G band) and
2663 (2D band). In comparison of spectrum of GO (Fig. 2B) only the
D band shift to lower wavenumbers (2 cm�1) while the G band is



Fig. 1. Schematic illustration of the functionalization of GO.

Fig. 2. Raman spectra of: GO (A) and GOD (B).

Table 1
Raman Spectra band positions ID/IG (intensity ratio of D and G bands) values of the
GO and GOD.

Sample D band (cm�1) G band (cm�1) 2D band (cm�1) ID/IG

GO 1321 1567 2663 0.935
GOD 1323 1567 2653 0.931
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maintained in same position after functionalization. This
displacement was attributed to a structural disorder generated
during the surface modification process of graphene oxide. This
observation was also verified for surface modification of graphene
oxide with polyamidoamine (PAMAM) dendrimer nanocomposites
hydrogels [40]. The D and G bands were attributed to the local
defects (found at the edges of graphene sheets) and the sp2

graphitized structure due to the double degenerated zone center
E2g vibration mode, respectively [41,42].

The intensity ratio (ID/IG), known as the Tuinst-Koening (TK)
relation assigned to lower defects/disorders [43] increases from GO
(0.438) to GOD (0.442), implying an higher degree of lattice
disorder and defects in the latter. It is important to make it clear
here that graphene oxide has not been synthesized. It was acquired
from Sigma and it is in. This may explain the intermediate ID/IG
values between graphite and graphene.

The 2D band in GO attributed to the respective higher order
modes originating from a double resonance process can be affected
by a chemically induced defect [42]. After chemical modification,
the position of the 2D peaks shift to lower wavenumber (10 cm�1).
The Raman Spectra band positions ID/IG (intensity ratio of D and G
bands) values of the GO and GOD are listed in Table 1.

From these results, we conclude that a minimum structural
defects were, in a first stage, introduced by the attachment of
functional dendrimer groups.
3.2. X-Ray Photoelectron Spectroscopic (XPS)

In order to identify all the chemical constituents of GO and GOD,
as well as their oxidation states and to gain further insights into
surface chemical changes associated with the reaction shown in
Scheme (Fig. 1), we have also performed X-Ray Photoelectron
Spectroscopic (XPS). The XPS spectra for GO and GOD are shown in
Fig. 3(A) and (B) respectively. Table 2 lists the C, O and N atomic
percentage values of graphene oxide (GO) and graphene oxide
functionalized with dendrimer (GOD) samples obtained from high



Fig. 3. XPS of GO (A) and GOD (B): (I) Full range, (II) high resolution C 1s, (III) high resolution O 1s, (IV) high resolution N 1s.

Table 2
Atomic percentage of GO and GOD elements constituents.

Elements [Atomic %]a

GO GOD

Carbon (C 1s) 89.6 86.9
Oxygen (O 1s) 10.0 8.2
Nitrogen (N 1s) e 5.1

a High Resolution.
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resolution spectra. It was observed that the oxygen concentration is
similar for all the samples and the nitrogenwas detected only in the
GOD, around 400 eV, proving that the functionalization of graphene
oxide with dendrimer occurred successfully.

The carbon (C 1s) spectra for the GO and GOD, shown in Fig. 3(A)
(II) and (B) (III), respectively, have as their main component at
(284.6 eV) the aromatic carbon (C-C sp2) of the hexagonal planes of
graphene [44e46].
The intensity of this component as much as the peak intensity of
Plasmon p/p* (~291 eV) with the degree of aromatic of the sys-
tem. Due to the presence of nitrogen in GOD (Fig. 3)(B), the fraction
of the aromatic phase of carbon is lower (48% for GOD) compared to
unmodified graphene oxide. The component at 285.3 eV was
attributed the C-CH bonds of an aliphatic or sp3 structure, which
includes a small contribution of hydrocarbons from surface
contamination (ex situ measurements). For samples containing
nitrogen (GOD - Fig. 3(B) (IV)), there is a component related to CN
groups at 285.8 eV [47e49], also seen as themain component of the
nitrogen spectrum N 1s (400 eV) as illustrated in Fig. 3(B) (IV). In
the higher binding energy tail others groups were be identified
such as ether/alcohol (CO in 286.3 eV), carbonyl (C¼O) together
with NC¼O groups of the functionalization in 287.6 eV and Car-
boxylic groups (HO-C¼O) in 289.4 eV.

Fig. 3(B) (II) shows the modified graphene oxide (GOD), the
appearance and increase of the intensity of the components related
to nitrogen groups CN and CN¼O, respectively, and also an increase
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of ether/Alcohol (CO) [49e51] when compared to unmodified
graphene oxide (A) (II).

Fig. 3(A) and (B) illustrate oxygen spectra for GO (III) and GOD
(III), respectively. The spectra show four components correspond-
ing to the O¼C groups at 531.5 eV, O-C at 532.8 eV, O-C ¼ O at
534.0 eV and traces of water at ~535 eV [44e46]. For the GOD, an
increase of the intensity of the component in 531.5 eV is observed
due to the presence of O-C-N groups.

As expected, for the nitrogen spectrum of the GO (Fig. 3(A) (IV)),
it was not possible to find any component, due to the lack of ni-
trogen in the unmodified graphene oxide. As observed in Fig. 3(B)
(IV) a moiety of amine groups of the dendrimer at 399.3 eV was
converted into -N-C¼O groups due to functionalization of the car-
boxylic groups (HO-C¼O) of the graphene oxide. The central
component at 400.1 eV may be related to the N-C and HN-C of the
dendrimer groups [47e49].

3.3. Fourier transform infrared spectroscopy (FT-IR)

The Fourier Transform Infrared Spectroscopy (FT-IR) spectra of
GO and GO are shown in Fig. 4(A), indicating the successful den-
drimer modification process. In the FT-IR spectra of GO (Fig. 4 A), a
broad band at around 3713 to 3066 cm�1 was observed due to the
presence of hydroxyl groups (Free) on the basal plane of GO. The
peaks observed at 1630 and 1736 cm�1 were attributed to the
presence of C¼C and C¼O, respectively. Other bands were also
observed at 1383 and 1115 cm�1 and are related to the asymmetric
axial deformation of epoxide and alkoxides (CO) groups and the
band at 972 cm�1 related to stretching C¼C of the graphene oxide
structure [50].

For the functionalized graphene oxidewith dendrimer (GOD), as
shown in Fig. 4(B), a large absorption peak was observed in the
region of 3728 to 3058 cm�1 characteristic of the axial deformation
of the OH groups and to the stretching of the primary amine pre-
sent in the dendrimer. The absorptions in the region of 1512 and
1461 cm�1 can be attributed to the stretches CONH and CH2, which
are derived from the dendrimer [49].

The presence of primary amine groups in chain end of den-
drimer allows the interaction of GOD with metal ions through the
protonation of NH2 groups. In this context, aiming for future
application we tested the reactivity of GOD with cupric ions (Cu2þ)
Fig. 4. Spectrum in the infrared region of: (A) GO and (B) GOD.
in acid medium (pH ¼ 3.0, perchloric acid) and subsequent inter-
action with potassium hexacyanoferrate to generate a complex of
mixed valence (intervalence complex). Fig. 5(A) and (B) illustrate
infrared spectra for the potassium hexacyanoferrate (III) and for the
intervalence complex formed GODHCu, respectively. A band in the
region between 3680 and 3150 cm�1 attributed to the axial
deformation of the OH groups was observed in the potassium
hexacyanoferrate spectrum shown in Fig. 5(A), and a narrow and
medium band at 1620 cm�1 attributed to the H-O-H bond of water.
An important vibrations around 2035 cm�1, referring to the
stretching of the C≡N [50]. For the spectrum shown in Fig. 5(B),
characteristic absorption bands of precursor materials (GO and
GOD) were observed, as well as a significant vibration occurring
near 2100 cm�1, referring to C≡N vibrations [51].

The stretch displacement (~33 cm�1) for the higher frequency
region of the C≡N of GODHCu relative to the precursor HCF, con-
firms the formation of the intervalence complex where Cu2þ is
bound to the metal center via CN bridge (Fe3þ- (CN) -Cu 2þ) [52].
3.4. X-ray diffraction (XRD)

Fig. 6 represents the XRD pattern of GO (A) and GOD (B). For the
graphene oxide (A), the peaks were exactly observed at 2q¼ 26.27�

and 43.46�, already for the modified graphene oxide (GOD) (B), the
peaks occurred at 2q ¼ 26.51� and 43.75�. The peaks around at
2q ¼ 26� where attributed to the diffraction of the (002) plane.

After the modification of the graphene with the dendrimer, the
number of layers was estimated. For the calculation of the average
number of graphene layers (n) in the modified graphene oxide
graphite, was applied of DebyeeScherrer equations (1) and (2)
[53,54].

La ¼ ðk lÞ=ðbhkl cos qÞ (1)

n ¼ La=dhkl (2)

where La (stacking height), b (full width half maxima-FWHM), n
(number of graphene layers), d002 (interlayer spacing) were ob-
tained by using the data from XRD patterns.

The increase of layer numbers from about 30 to 40 after func-
tionalization was the result of the sonication process, stepwise
chemical procedure used in this present report. This fact was
Fig. 5. Spectrum in the infrared region of: (A) HCF e (B) GODHCu.



Fig. 6. XRD patterns of GO (A) and GOD (B).
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attributed to a high effect dispersion of previous GO. The applica-
tion of this functionalization method can increase the number of
graphene layers and consequently, the interplanar spacing in-
creases when the dendrimer linkage on the graphene oxide surface.
Table 3 list the XRD powder data obtained for two materials.

3.5. Scanning Electron Microscopy (SEM)

The SEM image of the GO and GOD shown in Fig. 7(A) and (B)
respectively. GO reveals aggregate and individual flakes randomly
with sheet-type morphology. After functionalization the
morphology of the synthesized GOD resembles a flake sheet
structure aggregate with the largest dimension as a consequence of
synthetic method employed. Similar textures obtained by GO and
GOD have been reported by other authors [43,55].

3.6. Thermogravimetric analysis (TGA)

TGA is a reliable tool to investigating the thermal stability of
various structural carbon forms. As observed in Fig. 8, both ther-
mograms were quite similar. In the thermogram presented by the
GO (Fig. 8(A)) it was verified that GO thermally decomposed in the
following three stages of mass loss. The first stage (4%) up to 100 �C
was associated with the thermal desorption of water molecules
physically adsorbed onto the hydrophilic GO surface. The second
stage 100e450 �C (14%) and third stage 450e650 �C (94%) are
related to the decomposition of more stable oxygen-containing
functional groups to CO and CO2 [34,56,57].

Fig. 8(B) shows the thermogram of the graphene oxide modified
with dendrimer (GOD), where three stages of mass loss were
observed. The first 30e100 �C (4%), being attributed to water
physically adsorbed by the material. The second stage occurred
from 100e230 �C (7%) and third 230e400 (9.2), which was
attributed oxygen-containing and decomposition of functional
groups and dendrimer chain, respectively. The third due the
Table 3
XRD powder data obtained for GO and GOD patterns materials.

Sample 2q (�) d002 (nm) La (nm) n

GO 26.27 0.3353 9.98 29.8
GOD 26.51 0.3356 13.30 39.6
complete oxidative decomposition (77.8%) of the graphitic sub-
strate over 400e650 �C. The final residue was 2% that is caused by
the pyrolysis of the carbon skeleton of GO [58].

3.7. Electroanalytical application of GODHCu

GOD has a large amount of NH2 chain end groups that can act as
active sites. In this way GOD was used as a matrix in the copper
complexation with potassium hexacyanoferrate following two
steps: GOD is protonated (pH 3.0) and electrostatically interact
with potassium hexacyanoferrate (GODH), followed by a reaction
with copper ions (GODHCu). At pH 3.0, more primary and tertiary
amine groups are protonated to provide more active sites binding
negative charged hexacyanoferrate (III) ions.

Differential pulse voltammetry (DPV) compared to cyclic vol-
tammetry provides a current of highly sensitivity and better
detection and, therefore, have been chosen for the detection of L-
dopamine. Therefore, as an application, GODHCu was tested for the
detection of L-dopamine using a differential pulse voltammetry
(DPV).

The DPV of the modified electrode containing GODHCu exhibi-
ted three anodic peaks (Fig. 9(C)) with potential 0.11 (I), 0.28 (II)
and 0.78 V (III) vs Ag/AgCl(sat.) (KCl 1.0 mol L�1; v ¼ 10 mV s�1;
amplitude 50 mV) attributed to Cu0/CuI, CuI/CuII e FeII(CN)6/
FeIII(CN)6 redox process respectively. For comparison, unmodified
graphite paste electrode in the absence of L-dopamine (A) didn't
show any redox process in the potential range between �0.2 and
1.1 V, however, in the presence of 5.0 � 10�3 mol L�1

L-dopamine
(B), it was possible to observe a single redox process of with
Eq' ¼ 0.39 V. An enhancement in the oxidation peak current in the
anodic process was observed with addition of 5.0 � 10�3 mol L�1

L-
dopamine (I) (D). Simultaneously with L-dopamine additions the
anodic current intensity of the process (III) decrease (D) and the
peak II moves to cathodic region.

Fig. 10 illustrates the analytical curve used to detect L-dopamine.
The analytical curve presented a linear response in the concentra-
tion range from 1.0 � 10�7 to 1.0 � 10�5 mol L�1 with a corre-
sponding equation Y (A)¼ 1.706� 10�5þ 0.862 [L-dopamine] and a
correlation coefficient r2 ¼ 0.998. The detection limit (3SD/slope)
was 6.36 � 10�7 mol L�1 with a relative standard deviation of ±4%
(n ¼ 3) and an amperometric sensitivity of 0.872 A/mol L�1.

A reasoned explanation for a linear decrease of peak III is still
being investigated, but the of decreased peak III was tentatively
attributed to a possible chemical formation of a complex from
dopaminequinone that deposits on the electrode surface, the lead
to a decrease of electroactivity of intervalence complex (Fe (III)
metal center), inhibiting the oxidation process of peak III. This was
easily confirmed, because when washing the electrode with
distilled water the oxidation of peak III returns as before. In this
way contrary to the works found in the literature to detection of L-
dopamine using M[Fe(CN)6] where M ¼ Ag, Cu, Zn, Ni, Th, La, Cu
[59e64] the electro-oxidation does not occur in the metal center of
FeIII, but with copper that is in the outer coordination sphere of
intervalence complex.

The electrocatalytic oxidation of L-dopamine occurs as follows:
Cuþ produced during anodic scan, oxidize the L-dopamine to
Dopaminequinone [65e67] when it is chemically reduced to Cu0,
which will again be electrochemically oxidized to Cuþ. This way the
electro oxidation occurs in peak I according to equations (3) and (4).

2Cu0%2Cuþ þ 2e� (3)

Dþ 2 Cuþ%Dqþ 2Hþ þ 2Cu0 (4)



Fig. 7. SEM images of: GO (A) and GOD (B).

Fig. 8. Thermogram of: GO (A) and GOD (B).

Fig. 9. Differential pulse voltammograms of: (A) unmodified graphite paste electrode
in the absence of L-dopamine, (B) unmodified graphite paste electrode in presence of
5.0 � 10�3 mol L�1

L-dopamine, (C) graphite paste electrode modified with GODHCu in
the absence of L-dopamine, (D) graphite paste modified with GODHCu in presence of
5.0 � 10�3 mol L�1

L-dopamine.

Fig. 10. Differential pulse voltammograms obtained for the modified graphite paste
electrode with GODHCu in the presence of different L-dopamine concentrations
(1.0 � 10�7 to 1.0 � 10�5 mol L�1) (Eap ¼ 0.11 V; KCl 1.0 mol L�1, pH 7.0; v ¼ 10 mV s�1;
amplitude (W) ¼ 50 mV; 20% (w/w)) (inserted: analytical curve).
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where D ¼ L-dopamine and Dq ¼ dopaminequinone.
GODHCu exhibits excellent electrocatalytic activity for the

oxidation of L-dopamine, with a reduction in over potential about
291 mV than the unmodified electrode. The performance of the
fabricated electrodewhen comparedwith any reported sensors, are
comparative [68e70] or better [71e73] than those of the other
sensors reported in the literature.

Table 4 presents a comparison of similar reports in the literature
for L-dopamine detection. These results show the analytical bene-
fits obtained by use of GODHCu, which showed some good elec-
troanalytical parameters when compared with previous reports.
4. Conclusions

The chemical modification of graphene oxide with DAB-Am-16
were successfully performed as confirmed by various spectro-
scopic measurements such as Raman, XPS, FT-IR, DRX. By XPS and
FT-IR we conclude that dendrimer was covalently bonding onto
graphene oxide via the amide formation between any peripheral
amine groups dendrimer and carboxyl groups in graphene oxide.
The thermal stability is maintained after chemical modification of
graphene oxide. As an application, after reaction of the hybrid
material with copper and hexacyanoferrate ions (GODHCu) was



Table 4
Comparison of this work previous reports of L-dopamine detection.

Electrode Material Linear Range
(mol L�1)

Limit Detection (mol L�1) Reference

PbO2 immobilized in Polyester/GPEa 2.6 � 10�4 to 1.2 � 10�3 2.50 � 10�5 [74]
GRP-SIALNB-MB/GPEa 5.0 � 10�6 to 5.0 � 10�4 1.49 � 10�6 [75]
CuHSA/GPEa 5.0 � 10�5 to 1.0 � 10�4 1.70 � 10�4 [59]
CuHSA/GPEa 1.0 � 10�4 to 8.0 � 10�4 5.27 � 10�5 [59]
GODHCu/GPEa 1.0 � 10�7 to 1.0 � 10�5 6.36 � 10�7 This work

a Graphite paste electrode.
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successfully tested in the electrocatalytic detection of L-dopamine
using a graphite paste electrode. The analytical curve showed a
linear response in the concentration range from 1.0 � 10�7 to
1.0 � 10�5 mol L�1 with a corresponding equation Y
(A) ¼ 1.706 � 10�5 þ 0.862 [L-dopamine] and a correlation coeffi-
cient r2 ¼ 0.998. The detection limit was 6.36� 10�7 mol L�1 with a
relative standard deviation of ±4% (n ¼ 3) and an amperometric
sensitivity of 0.862 A/mol L�1. This material (GOD) is a potential
candidate for the development of sensitive electrochemical sensors
and other catalytic applications that will be tested in the future.
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