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Hb-catalyzed eATRP on gold nanodendrites
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Abstract
Hemoglobin (Hb)-imprinted poly(ionic liquid)s (HIPILs) were prepared on the surface of Au electrode modified with gold
nanodendrites (Au/ND/HIPILs). HIPILs were synthesized with 1-vinyl-3-propyl imidazole sulfonate ionic liquids as functional
monomers via electrochemically mediated atom transfer radical polymerization (eATRP) catalyzed by Hb. The Au/ND/HIPILs
electrode was examined by cyclic voltammetry (CV), scanning electron microscope (SEM), and X-ray photoelectron spectros-
copy (XPS). The Au/ND/HIPILs electrode was also used as an electrochemical sensor to determine Hb by differential pulse
voltammetry (DPV). Under the optimal conditions, the detection range of Hb was from 1.0 × 10−14 to 1.0 × 10−4 mg/mL with a
limit of detection of 5.22 × 10−15 mg/mL (S/N = 3). Comparedwith other methods, the sensor based on poly(ionic liquid)s had the
broader linear range and lower detection limit.
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Introduction

Molecular imprinting technology, often described as a method
of making a molecular lock to match a molecular key, is a
technique for the creation of molecularly imprinted polymers
(MIPs) with tailor-made binding sites complementary to the
template molecules in shape, size, and functional group [1].
Due to the advantages of low cost, simple preparation process,
good repeatability, high stability, and easy storage [2, 3],MIPs
have broad application in the field of protein separation [4]
biosensing [5] and enrichment of protein [6].

The selection of functional monomer is important for the
preparation of MIPs, since it can strongly interact with the
template and form specific donor–receptor or antibody–
antigen complexes prior to polymerization [1]. At present,
methacrylic acid, acrylamide, and ethylene glycol
dimethacrylate have been used as “universal” functional
monomers. Many MIPs were prepared by one or two of these
three monomers. However, the limited number of functional

monomers used in molecular imprinting restricts the selectiv-
ity and the further applications of MIPs to some extent [1]. So
it is imperative to develop novel functional monomers to pre-
pare MIPs.

Ionic liquids (ILs) are non-volatile (vapor pressure close to
zero), with wide liquid range, high conductivity, wide electro-
chemical window, non-flammable, and ultra-high thermal sta-
bility [7]. These unique properties allow ILs to have many
applications in such as organic synthesis, catalytic reactions,
electrochemistry, biomaterials, and extraction separation [8].
ILs also became a promising candidate for functional mono-
mer in MIPs [9]. For example, Duan et al. [10] prepared MIPs
using lysozyme as template and ionic liquid (4-amino-5-
imidazolecarboxamide hydrochloride) as functional mono-
mer. The sensitive detection of lysozyme at 1.0 × 10−9~8.0 ×
10−8 mg/mL can be achieved. Zhu et al. [11] prepared MIPs
with ionic liquid (1-vinyl-3-butylimidazolium tetrafluorobo-
r a t e ) a s func t i ona l monome r f o r de t e c t i ng 6 -
benzylaminopurine. The linear detection range is
0.5~50.0 μmol/L, and the detection limit could be improve
to be 0.2 μmol/L (S/N = 3). Fan et al. [12] prepared a novel
MIP using the specific ionic liquid (i.e., [COOHevim]Br),
[COOHpvim]Br, [COOHavim]Br,or [COOHhvim]Br) as a
functional monomer for the selective separation of synephrine
from the extracts of Aurantii Fructus Immaturus in methanol–
water media. The obtained polymer showed a good selectivity
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and high adsorption capacity for synephrine. Other molecular-
imprinted poly(ionic liquid)s which were prepared by 1-ally-
3-methylimidazolium chloride ([AMIM]Cl), 1-allyl-3-
methyliumidazolium tetrafiuoroborate ([AMIM][BF6]), 1-(3-
trimethoxysily-propyl)-3-methylimmidazolium chloride
([TMSPMIM]Cl) , 1-vinyl-3-aminoformylmethyl-
imidazolium chloride ([VAFMIM]Cl), 1-vinyl-3methyl
imidazolium chloride ([VMIM]Cl) had also been reported to
recognize bovine serum albumin(BSA) and salicylic acid
[13–16].

Polymerization method is another important factor for the
preparation of MIPs. Atom transfer radical polymerization
(ATRP) allows the polymers with predetermined molecular
weight and narrow molecular weight distribution, as well as
desired composition [17] and has many applications in the
preparation of MIPs [18–20]. However, the conventional
ATRP has two main drawbacks: (1) low-cost transition metal
catalysts are sensitive to air and polymerization often requires
an anaerobic system; (2) the transition metal catalyst has cer-
tain toxicity to biomacromolecules such as proteins, and the
treatment process for removing the catalyst is complicated. In
response to above shortcomings, various improved ATRP
have emerged. For example, Magenau et al. [21] reported
electrochemically mediated ATRP (eATRP) in which low-
valent metal was obtained by electrochemical reduction of
the high-valent metal and decreased the catalyst in the poly-
mer to only several parts per million. Silva et al. [22] replaced
low-valent transition metal with Hb to conduct the ATRP
when the Fe (III) in Hbwas reduced to Fe (II) by using sodium
ascorbate as reducing agents. Our group combined the advan-
tages of the two methods to develop the Hb-catalyzed eATRP

and used it for the preparation of Hb MIPs [23, 24]. The Hb-
catalyzed eATRP needed neither transition metal catalyst nor
reducing agents, which eliminates all negative effects of
ATRP on the MIPs. However, up to now, only methacrylic
acid, acrylamide, and N-isopropyl acrylamide were success-
fully used to the preparation of MIPs by Hb-catalyzed eATRP.

The design and fabrication of nanoparticles have attracted
much interest, owing to their wide application in sensors,
nanoelectronic devices, solar cell, and biomedical analysis
[25, 26]. Gold nanoparticles, especially the nanodendrites
(ND) have drawn more attention due to its availability of large
surface, the stability in wide temperature ranges, size, and
shape dependent morphologies and good physiochemical
properties [27, 28].

Considering the advantages of Hb-catalyzed eATRP, ILs,
and Au/ND, Hb-imprinted poly(ILs) were prepared on the
surface of Au electrode modified with gold nanodendrites
(Au/ND/HIPILs). Hb-imprinted poly(ionic liquid)s (PILs)
was synthesized with 1-vinyl-3-propyl imidazole sulfone
monomers via Hb-catalyzed eATRP. Cyclic voltammetry
(CV), X-ray photoelectron spectroscopy (XPS), and scanning
electron microscopy (SEM) were used to characterize the Au/
ND/HIPILs electrode. Further research indicated that the Au/
NDs/HIPILs electrode could be used as an electrochemical
sensor to determine Hb by differential pulse voltammetry
(DPV).

Materials and methods

Chemicals

Pt electrode (Φ = 2 mm), GCE (Φ = 3 mm), and Au electrode
(Φ = 2 mm) were obtained from Chenhua Instruments Co.
(Shanghai, China). 1-vinyl-3-propyl-imidazole sulfonate ionic
liquids were supplied by Shanghai Cheng Jie Chemical Co.
Ltd. (Shanghai, China). N, N′-methylene bis-acrylamide
(MBA, cross-linker) was from Kemiou Chemical Co.
(Tianjin, China). Graphite electrode (GE) was obtained from
JiXing ShengAn Company (Beijing, China). Potassium ferri-
cyanide, potassium dihydrogen phosphate, disodium phos-
phate, and sodium acetate were got from Sinopharm
Chemical Reagent Co. Ltd. Toluidine blue, ammonium per-
sulfate, copper sulfate, and sodium dodecyl sulfate were pro-
vided by Tianjin Komiou Chemical Reagent Co. Ltd. Sulfuric
acid, chloroauric acid (HAuCl4·4H2O), and chloroplatinic ac-
id (HPtCl6·6H2O) were purchased from Beijing Chemical
Plant (Beijing, China). Bovine serum albumin (BSA, MW
66 kDa), human serum albumin (HSA, MW 69 kDa), and
Hb (MW 65 kDa) were supplied by Solarbio Inc. Bovine
blood sample was obtained from Wa fang dian farm in
Dalian City, China. A 0.01 mol·L−1 ABS buffer solution with
pH = 5 was prepared using glacial acetic acid and sodium

Fig. 1 CV characterization of different Au/ND modified electrodes in
PBS (pH 7.0) containing 5 mmol/L [Fe CN) 6]

3−/4− and 0.1 mol/L KCl
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acetate solids. The specifications for all chemicals were of
analytical grade. The water used in the experiment was ultra-
pure water (resistivity > 18 MΩ cm).

Apparatus

CV, eATRP, and DPV were carried out with a CHI660D elec-
trochemical workstation (Chen hua, Shanghai, China).

The CV used a gold or modified gold electrode as a work-
ing electrode, a saturated calomel electrode (SCE), and a plat-
inum wire as a reference electrode and a counter electrode,
respectively. The modified electrode was subjected to CV in
PBS solution containing 5 mmol L−1 [Fe (CN)6]

3−/4− +

0.1 mol L−1 KCl. CV was carried out in the potential range
between − 0.2 and 0.6 V, and at a scanning rate of 100 mV s−1.

Surface characterization of the modified electrode was ob-
tained by SEM (SU8010, Hitachi, Japan).

XPS was used to study the chemical composition of the
modified electrode by using a Thermo ESCALAB 250Xi
spectrometer with a monochromatic Al Ka radiation.

Preparation process of Au/ND/HIPILs

In order to improve the available surface area of the electrode,
gold ND was fabricated on the clean Au electrode surface by
electrodeposition, which was performed by chronoamperometry
at − 0.9 V (vs. SCE) in an aqueous electrolyte containing CuSO4

·5H2O (0.02 mol L−1) and HAuCl4·4H2O (0.8 mol L−1). The
electrodeposition process was maintained for 400 s at room

Fig. 4 The XPS spectra of Au/ND/PILs

Fig. 2 Synthesis scheme of Au/
ND/HIPILs

Fig. 3 The CV characterization of the stepwise modified electrodes (1,
bareAu; 2, Au/ND; 3, Au/ND/PILs; 4, Au/ND/HIPILs) in PBS (pH 7.0)
containing 5 mmol/L [Fe(CN)6]

3−/4− and 0.1 mol/L KCl. The scanning
rate of CV was 100 mV/s
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temperature. Then, the electrode modified with deposits was im-
mersed in HNO3 solution (3 mol L

−1) for 3 h to remove the Cu
layer, thus Au/ND electrode was obtained. According to the
literature [23, 29], the obtained electrode was only made of Au.
Three Au/ND electrodes were prepared and characterized by CV
at the same condition. As shown in Fig. 1, the CVof three Au/
ND electrodes were almost the same, which shown that the Au/
ND electrodes had good repeatability.

The preparation of Au/ND/HIPILs electrode was shown in
Fig. 2. According to the reported method previously [24], the
thiol initiator (4-mercaptophenyl 2-bromo-2-methylpropanoate,
4-HTP-Br) was immobilized on the surface of Au/ND electrode.
Then, the initiator-modified electrodewas inserted into a solution
which contained the PBS (0.1 mol L−1, pH 7.0) solution of
functional monomer (1-vinyl-3-propyl-imidazole sulfonate,
0.1 mol L−1), template molecule (Hb, 2 mg ml−1), and cross-
linker (MBA, 0.1 mol L−1). In order to electrochemically reduce
Hb, GCE/PTB/nPt was used as working electrode (cathode)
which was selected in our previous work [19]. The SCE was
used as the reference electrode, and the platinum wire was the
counter electrode. When a potential (Eapp) of − 0.51 V was ap-
plied to GCE/PTB/nPt electrode, polymerization was carried out
on the surface of Au/ND electrode.

Finally,Au/NDelectrodemodifiedwith PILswas immersed in
a mixed solution containing 10% (v/v) acetic acid and 10% (w/v)
SDS for 2 h to remove the Hb template. After being washed three
times with PBS solution, Au/ND electrode modified Hb-
imprinted PILs (Au/ND/HIPILs) was successfully prepared.

A non-imprinted PILs electrode (Au/ND/NIPILs) was used
as a compared electrode for Au/ND/HIPILs electrode. Au/
ND/NIPILs was prepared by the traditional free radical poly-
merization method in the absence of Hb. Ammonium persul-
fate (0.9 mol L−1) was used as initiator to polymerize 1-vinyl-
3-propyl imidazole sulfonate ionic liquids (0.1 mol L−1) and
cross-linker (MBA, 0.1 mol L−1) at room temperature for 5 h
on the surface of Au/ND.

Results and discussion

Characterization of Au/ND/HIPILs

Figure 3 was the CV curves of different modified electrodes in
PBS solution containing 5 mmol L−1 [Fe (CN) 6]

3−/4− +
0.1 mol·L−1 KCl. As expected, the curve of the bare gold
electrode had a quasi-reversible characteristic peak around

Fig. 6 a The selection of
polymerization time. b The effect
of Hb concentration on the
sensitivity of the Au/ND/PIPILs

Fig. 5 SEM images of Au/ND (a), Au/ND/PILs (b), and Au/ND/HIPILs (c)
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0.2 V.When the bare gold electrode was modified by gold ND
(Au/ND), its peak current increased, which indicated that the
ND enlarged the surface of the electrode and had good elec-
tron transfer ability [23]. After the polymerization of ILs on
the surface of ND (Au/ND/PILs), the CV peak current of the
electrode was obviously reduced. The reason for this phenom-
enon may be that the poly(ILs) film acted as an inert electron
and mass transfer resistance layer, which hindered the diffu-
sion of probe ions to the electrode surface. After removingHb,
the peak current of the electrode (Au/ND/HIPILs) was signif-
icantly higher than that of without removing Hb. The reason
may be that when the template molecule was removed, the
imprinted holes appeared on the surface of the electrode,
which made the probe ions diffuse more easily to the electrode
surface, resulting in the peak current increasing [24, 30].

XPS was used to investigate the chemical composition of
Au/ND/PILs. In Fig. 4, the characteristic peaks of O1s, N1s,
C1s, S2p, Au4f, and Br3d were at 532.1, 401.67, 285.24,
169.82, 84.9, and 67 eV, respectively [31, 32]. There were three
small (unmarked) peaks (within the range of 200~500 eV)

which were characteristic peaks of Au4d3, Au4d5, and S2s.
Exposure of the active Br to the surface demonstrated the suc-
cessful implementation of ATRP. The inset of Fig. 4 showed the
fine XPS of Fe at 716.3 eV [33]. Since the Fe element was
derived fromHb, the XPS spectrum of the Fe element indicated
the presence of Hb in the poly(ILs).

Figure 5 was the SEM image of the modified electrode
surface [34]. It could be seen from the figure that the Au/ND
(Fig. 5a), Au/ND/PILs (Fig. 5b), and Au/ND/HIPILs (Fig. 5c)
electrode had similar dendritic structures. The surface of Au/
ND/PILs electrode was blurred compared with that of Au/ND
which was due to the formation of poly(ILs) on the gold ND,
while the surface of Au/ND/HIPILs exhibited porous structure
(Fig. 5c), which resulted from the presence of blotting holes in
the structure of the electrode surface.

Optimization of experimental parameters

The polymerization time was studied by CV. [Fe (CN)6]
3−/4−

was used as the probe of CV to indicate the electron transfer

Fig. 7 The DPV curves of Au/ND (a), Au/ND/PILs (b), and Au/ND/
HIPILs (c) in PBS (pH 7.0) containing 5 mmol/L [Fe CN)6]

3−/4− and
0.1 mol/L KCl: (1) before rebinding with Hb (10−4 mg/mL) solution (2)
after rebinding with Hb (10−4 mg/mL) solution

Fig. 8 a The DPV curves of Au/
ND/HIPILs in PBS (pH 7.0)
containing 5 mmol/L[Fe CN)6]

3

−/4− + 0.1 mol/L KCl after
rebinding with Hb
(concentrations of Hb from curve
1 to curve 12 were 0, 10−14,
10−13,10−12, 10−11,10−10, 10−9,
10−8, 10−7,10−6, 10−5, and
10−4 mg/mL). b The calibration
plot of Au/ND/HIPILs
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ability of Au/ND/poly(ILs). As could be seen in Fig. 6a, when
the time increased from 0.5 to 2.5 h, the peak current dropped
sharply. As the polymerization time was further increased, the
peak current changed very slowly. Based on the results, 2.5 h
was selected as the optimum polymerization time (as indicated
by the arrow).

The choice of Hb concentration was selected by measuring
the sensitivity of the Au/ND/HIPILs electrode (slope of the
working curve). Increasing the Hb concentration (from 0.5 to
2.0 mg/mL), the sensitivity of the Au/ND/HIPILs electrode
improved. However, a too high concentration of Hb (2.0 to
10.0 mg/mL) resulted in a decrease in the sensitivity of the
electrode. This was most likely due to the accumulation of too
much protein, which led to the formation of undesirable
imprinted caves and reduced the effectiveness of the Au/ND/
HIPILs electrode in capturing template proteins. From the
results of Fig. 6b, the concentration of Hb was optimal to be
2.0 mg/ml.

Electrochemical response of different electrodes

The electrochemical response of Au/ND, Au/ND/PILs, and
Au/ND/HIPILs were compared by DPV and shown in
Fig. 7. As can be seen, the Au/ND electrode had almost the
same DPV curve when it was before (Fig. 7a, curve 1) or after

(Fig. 7a, curve 2) rebinding with Hb (10−4 mg/mL), which
showed that the Au/ND electrode had no electrochemical re-
sponse toward Hb. The similar phenomenon was observed on
Au/ND/PILs (Fig. 7b). As for the Au/ND/HIPILs electrode,
the DPV peak current decreased greatly after it rebinding with
Hb (Fig. 7c, curve 2) compared with that of before rebinding
(Fig. 7c, curve 1), which showed that the Au/ND/HIPILs
electrode had good electrochemical response toward Hb.
This may be because the imprinted holes rebound with Hb,
blocking the diffusion of probe ions to the surface of the elec-
trode, resulting in a decrease in peak current [35].

Determination of Hb by DPV

The Au/ND/HIPILs electrode was used as an electrochemical
sensor to detect Hb by DPV. The electrolyte solution and the
three-electrode system were the same as the CV. The main
parameters were as follows: the potential range was −
0.2~0.6 V, the potential increment was 4 mV, the amplitude
is 50 mV, the first pulse width was 0.2 s, the sampling interval
was 0.0167 s, the pulse period was 0.5 s, the pulse width was
0.2 s, the polarization time was 2 s, and the sensitivity was 1 ×
10−4A/V. As could be seen from Fig. 8a, the DPV peak current
of the Au/ND/HIPILs electrode decreased with the increasing
of Hb concentrations, which was due to the increasing number

Fig. 9 The DPV curves of Au/
ND/HIPILs (a) and Au/HIPILs
(b) in PBS (pH 7.0) containing
5 mmol/L [Fe CN)6]

3−/4− and
0.1 mol/L KCl: (1) before
rebinding with Hb (2) after
rebinding with Hb (10−4 mg/mL)
solution

Table 1 Comparison of the linear range and the detection limit between the proposed and previous reported MIPs for Hb

Literature topic Detection method Linear range (mg/mL) Detection limit (mg/mL) References

Molecularly imprinted carbon paste electrode DPV 3.66 × 10−2~7.33 1.39 × 10−2 [36]

Ionic liquid MIPs/IL/GR/GCE DPV 1.0 × 10−10~1.0 × 10−3 3.09 × 10−11 [37]

Graphene oxidation from polydopamine DPV 1.0 × 10−9~1.0 × 10−1 2.00 × 10−10 [38]

Au/PIPs DPV 1.0 × 10−13~1.0 × 10−2 7.8 × 10−14 [24]

Au/ND/PIPs DPV 1.0 × 10−13~1.0 × 10−1 3.20 × 10−14 [23]

Au/ND/HIPILs DPV 1.0 × 10−14~1.0 × 10−4 5.22 × 10−15 This work

For comparison purposes, the data is uniformly converted
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of Hb bound with the imprinted holes, blocking the diffusion
of probe ions to the surface of the electrode, resulting in a
decrease in peak current. According to the relation of DPV
current difference (response signal, ΔI) with the Hb concen-
tration logarithm, the linear range of detecting Hb by Au/ND/
HIPILs was 1.0 × 10−14~1.0 × 10−4 mg/mL. As could be seen
from Fig. 8b, the linear regression equation was ΔI (μA) =
0.752 log C (mg/mL) + 13.812 with a coefficient of 0.995.
From the working curve, the detection limit was 5.22 ×
10−15 mg/mL (LOD, S/N = 3).

In order to further investigate, the effect of gold
nanodendrites on the properties of sensor was compared be-
tween with or without nanodendrites. HIPILs were prepared
on the planar Au electrode (no gold nanodendrites) using the
same experimental condition. The detection results were com-
pared between Au/HIPILs and Au/ND/HIPILs when the con-
centration of Hb was 10−4 mg/mL and shown in Fig. 9. The
DPV current of Au/ND/HIPILs decreased after (Fig. 9a, curve
2) rebinding with Hb compared with that of before (Fig. 9a,
curve 1) rebinding. The DPV response (Ibefore − Iafter) was
about 14.49 μΑ. As for Au/HIPILs electrode (Fig. 9b), the
DPV response was smaller than that of Au/ND/HIPILs, which
showed that Au/ND/HIPILs electrode had better electrochem-
ical response toward Hb. The prepared Au/ND/HIPILs elec-
trodes were also compared with the performance of similar Hb
sensors listed in Table 1, it could be seen that the prepared Au/
ND/HIPILs electrode had lower detection limits. Especially,
when the same ND and polymerization method were used,
imprinted poly(ILs) had the better performance than that pre-
pared based on poly(acrylamide).

Repeatability, reproducibility, and stability

To determine the repeatability of the Hb-imprinted sensor,
10−4 mg/mLHb (in PBS) was analyzed five times by the same
sensor repeatedly at the same day. The relative standard devi-
ation (RSD) was 3.27%, indicating that the Au/ND/HIPILs
sensor had a good repeatability. Five identical Au/ND/
HIPILs sensor were prepared under the same conditions and
used them to detect 10−4 mg/mL Hb (in PBS) to determine the
reproducibility. The RSD was 3.26%, implying that the repro-
ducibility of the Au/ND/HIPILs sensors was good. Typically,
the prepared Au/ND/HIPILs sensor was stored at 4 °C in a
refrigerator. The sensor was used to detect 10−4 mg/mL Hb (in
PBS) one time every day. As shown in Fig. 10, after 5 con-
secutive days, the DPV response signal of the Au/ND/HIPILs
sensor decreased 5% and the RSD of the 5 detection was less
than 3%, which showed that the Au/ND/HIPILs sensor has
good stability [39].

Selectivity and application of Au/ND/HIPILs electrodes

The selectivity of Au/ND/HIPILs electrode was carried out
using lysozyme (LYZ) (MW 14.4 kDa), human serum albu-
min (HSA) (MW 69 kDa), and bovine serum albumin (BSA)
(MW 66 kDa) as experimental interferors; the results were
shown in Fig. 11. As could be seen, the response signal (ΔI)
of the Au/ND/HIPILs electrode towardHb is 9.733μA, which
is 5.51, 5.84, and 6.21 times of BSA, Lyz, and HSA, respec-
tively. The results showed that the Au/ND/HIPILs electrode
has better selectivity for the target protein (Hb), which may be
due to the fact that Hb could bind well to the specific
imprinted holes in the Au/ND/HIPILs electrode. The

Fig. 10 The stability curves of Au/ND/HIPILs sensor

Fig. 11 The selectivity of Au/ND/HIPILs sensor. The concentration of all
the protein was 10−5 mg/mL
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selectivity of the electrode was also evaluated by the imprint-
ing factor (K). The calculation equation is K =ΔI(HIPILs)/
ΔI(NIPILs) [37], where for protein. As shown in Fig. 11, the
K values of BSA, Lyz, HSA, and Hb were calculated to be
1.15, 1.09, 1.38, and 8.85, respectively. The maximum K val-
ue of Hb indicated that Au/ND/HIPILs electrode had good
selectivity for the target protein.

The actual samples were tested and analyzed by standard
addition method. Firstly, the bovine blood sample was proc-
essed according to the literatures [40] and analyzed by a blood
tester. Then, the actual sample was diluted and measured with
Au/ND/HIPILs electrode. The results were shown in Table 2,
as could be seen that the recovery obtained was from 96.5 to
104.2% and the resulting RSD was less than 4%, indicating
that the prepared Au/ND/HIPILs electrode could be used for
the detection and analysis of actual samples.

Conclusions

In this study, Hb was used both as catalyst and template to
prepare Hb-imprinted polymer on the surface of NDmodified
Au electrode with ionic liquid as functional monomer. The
optimum polymerization time was chosen to be 2.5 h and
the optimal Hb concentration of polymerization was 2.0 mg/
mL. The electrode modified with Hb-imprinted PILs (Au/ND/
HIPILs) could be used as a sensor. From the experiment, the
linear response range was 1.0 × 10−14~1.0 × 10−4 mg/mL, and
the detection limit was 5.22 × 10−15 mg/mL (S/N = 3).
Compared with other Hb sensors, Au/ND/HIPILs electrode
has lower detection limits by using ionic liquid as functional
monomer.
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