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Fig S1. FESEM images of MnFe-LDH synthesized from different Mn : Fe molar ratios of 

precursors.

Electronic Supplementary Material (ESI) for Journal of Materials Chemistry B.
This journal is © The Royal Society of Chemistry 2020

mailto:smchen78@ms15.hinet.net


S-2

BET analysis

Fig. S2. N2 adsorption and desorption isotherm (A-C) and pore size distribution profile (D-

F) of FMH 6 h, 12 h and 18 h.
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EDS analysis
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Fig. S3. (A-E) EDS elemental mapping of FMH, (B) Fe, (C) Mn, (D) O, and (E) Mix.
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Fig. S4. (A) Anodic peak current response of various amount of FMH modified electrodes in 

the presence of 200 µA DA in 0.05 M PBS (pH 7). (B) Oxidation peak current response of 

various concentration of FMH/GCE toward 0.3 mM CySH in 0.05 M PBS (pH 7) (n=3).

The influence of pH on the electrochemical oxidation of DA and CySH

The influence of pH on the electrochemical detection of DA at FMH modified GCE was 

carefully studied by CV in wide range of pH from 3.0 to 11.0 (0.05 M PBS) and also, we 

analyzing the relationship between the anodic peak potential and the peak current. In 

general, the anodic peak current responses of DA increased with increasing the pH from 3.0 

to 7.0 and reached maximum response current value at pH 7.0 (Fig. S5B). Further, increase 

in the pH from 7.0 to 11.0 resulted the gradual drop in the anodic peak current response as 

depicted in Fig. S5B. Moreover, their anodic peak potentials were shifted negatively as 

increasing the pH values (3.0-11.0), which is due to the deprotonation of the DA oxidation 

under the basic conditions. The linear plot of anodic peak potentials (Epa) versus various pH 

solutions was presented in Fig. S5C, with a correlation coefficient value is R2= 0.9972. The 

obtained slope value (52 mV) from the linear plot is close to the Nernstian theoretical value 

(59.1 mV/pH) at 25 °C, which confirms that the two protons/two electrons took part in the 

electrochemical oxidation reactions of DA, which is in agreement with previous reports.1 

Generally, the pKa value of DA is 8.72, which is basic, and explain it existence in a protonated 

form. According to the known formula pH=pKa + log ([A-]/[A]), the pH of the solution is 

typically lower or higher than two units of pKa. So, the pH must be greater than two units of 

pKa for weakly acidic compounds to ensure completeness ionization.  In the case of weakly 

basic compounds, the pH of the solution must be less than two units of pKa to ensure 

complete ionization which accounts the maximum response current at pH is 7.0, as most of 

the DA molecules exists in the ionized form at pH 7.0. 

In addition, CySH contains pH-sensitive groups such as–NH2, –COOH and –SH, 

therefore, the effect of pH solution on the electrocatalytic performance of FMH/GCE toward 

CySH oxidation was evaluated in the range from 5.0 to 9.0 in 0.05 M PBS by CV. As can be 

seen from Fig.S5E the anodic peak current is increased with the increasing of pH value from 

5.0 to 7.0, afterwards, leads to decrease when the pH exceeded 7.0. Concomitantly, the peak 
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potentials shifted towards negative side as increasing the pH value from 5.0 to 9.0, indicating 

that the deprotonation involved in the oxidation process. Furthermore, the relationship 

between the oxidation peak potential and the peak current displays good linearity with a 

correlation coefficient (R2=0.9907) (Fig.S5F). The maximum oxidation peak current is 

attained at neutral solution of pH 7, which is close to the physiological levels, and was chosen 

as the supporting electrolyte for subsequent experiments.
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Fig. S5. (A) The linear plot amongst Epa vs lnν. (B) CV responses of FMH/GCE toward 200 µM 

DA at a scan rate of 50 mV s-1 in various pH (0.05 M PBS) solutions (3, 5, 7, 9 and 11). (C) The 

calibration plot between the pH and anodic peak current (Ipa) (blue) and anodic peak 

potential (Epa) (green) of DA. (D) Calibration plot between Epa vs log ν toward CySH 

oxidation. (E) Effect of pH in the range from 5.0 to 9.0 (0.05 M PBS) vs oxidation peak current 

(Ipa) toward the electrooxidation of CySH. (F) Linear plot amongst oxidation peak potential 

(Epa) and various pH.

Stability, reproducibility and repeatability of the developed sensor

The stability, repeatability, and reproducibility are the important factor for the real 

time applicability of an electrochemical sensor. The operational stability of FMH modified 

electrode was studied via amperometric technique towards 200 µM DA and 0.1 mM CySH in 
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0.05 M PBS (pH 7). As can be seen from Fig. S6A&D, the amperometric response current 

exhibits the retention current up to 97.76% and 98.79% from its initial after running time of 

2000 s toward DA and CySH. To evaluate the storage stability of the sensor, the FMH/GCE 

was stored in room temperature over 25 days and the anodic peak current responses were 

monitored every five days toward 200 µM DA and 0.3 mM CySH in 0.05 M PBS (pH 7) were 

carried out by CV. As can be seen from inset of Fig. S6A and Fig. S6D, the sensor reveals only 

an accountable drop of 3.47 and 3.44 % from its initial current response on the 25th day, 

which indicates the excellent stability of the FMH modified electrode towards the detection 

of DA and CySH. This result implies that the FMH modified electrode had good operational 

and storage stability, which may ascribe to the unique morphology of nanocubes and greater 

number of active sites. Then the nanocubes were formed uniformly without any 

agglomeration, thus could ensures the good surface coverage of the electrode. Next, the 

repeatability of FMH modified electrode was investigated by observing 200 µM DA and 0.3 

mM CySH over an FMH/GCE for seven consecutive measurements then the calculated 

relative standard deviations (RSD) are about 1.12% and 1.36%, respectively, for 7 

measurements (Fig. S6B&E). Then to evaluate the reproducibility, there are five different 

FMH modified electrode were developed separately and analyzed toward 0.3 mM Cys and 

200 µM DA was shown in Fig. S6C&F. The relative standard deviation (RSD) are to be 2.95% 

and 2.58%, respectively, for the determination of CySH and DA. From these observations 

clearly proves that the proposed FMH based sensor own good reproducibility and 

repeatability. 
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Fig. S6. (A) Operational and storage stability (inset) of FMH modified electrode toward 200 

µM DA. (B) CV current response of FMH/GCE toward 200 µM DA for the seven consecutive 

measurements in 0.05 M PBS (pH 7) (n=3). (C) CV current response of five different 

NMH/GCE toward 200 µM DA in 0.05 M PBS (pH 7) (n=3). (D) Operational and storage 

stability (inset) of FMH modified electrode toward 0.3 mM CySH. (E) Reproducibility of the 

FMH modified electrode toward CySH oxidation. (F) Repeatability of the FMH modified 

electrode toward 0.3 mM CySH.
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Table. S1. Comparison of analytical parameters of FMH modified electrode with several 

reported DA sensors.

Electrode Technique Linear range 

(µM)

LOD (µM) Ref

Graphene/Diamond/GCE DPV 5–200 200 2

Graphene/Pt/GCE i-t 0.03–8.13 0.03 3

rGO/Co3O4/

GCE

i-t 0–30 0.277 4

Ag−Pt/pCNFs/

GCE

DPV 10–500 0.11 5

PABSA-rMoS2/CPE DPV 1–1000 0.22 6

CeO2/Au-GCE i-t 10–500 0.056 7

mMWCNT/SPE SWV 5–180 0.43 8

ERGO/GCE DPV 0.5–60 0.5 9

PANI/Au/

Nanoelectrode

DPV 0.3−200 0.1 10

CTAB/rGO/ZnS/GCE DPV 1–500 0.5 11

ACCG/Nafion/GCE i-t 0.1–50 0.1 12

CD-PNIPAM/GCE DPV 0.1-60 0.0334 13

Au/polyaniline/GCE i-t 3–115 0.8 14

N-doped graphene DPV 0.5–170 0.25 15

FMH/GCE i-t 0.02–700 0.0053 This work

rGO -reduced graphene oxide, pCNFs- Electrospun nanoporous carbon nanofibers, CNF-

carbon nano fiber, PABSA-rMoS2/CPE-poly (m-aminobenzenesulfonic acid)-reduced MoS2/ 

carbon paste electrode, mMWCNT/SPE – magnetic multiwalled carbon nanotube/screen 

printed electrode, PANI-polyaniline, CTAB- cetyl trimethylammonium bromide, PA6/PAH-

MWCNTs/ITO- polyamide 6/poly(allylamine hydrochloride-multiwalled carbon nano tubes 

nanofibers/indium tin oxide,  MCNF/PGE- Mesoporous carbon nanofiber-modified pyrolytic 

graphite electrode.



S-9

Table S2. Comparison of analytical parameters of CySH over the several reported assays. 

Electrode Technique Linear range 

(µM)

LOD (µM) Ref

SWCNT arrayed-Pt DPV 100 0.01 16

CNF-CPE i-t 0.15–63.8 0.1 17

OMC-GCE CA 18–2500 0.002 18

Cu/SPAuE i-t 1–1800 0.21 19

GO-Au NCs/GCE i-t 0.05–20 0.02 20

SnO2-MWCNTs/GCE i-t 0.1–554.5 0.03 21

CeO2-CuO/GCE CA 10–5000 0.016 22

MoS2-Gr/GCE DPV 0.01–1 0.02 23

Mg-Al-Ce LDH/GCE i-t 10–5400 4.2 24

FMH/GCE i-t 0.03–6666.7 0.0096 This work

CPE –carbon paste electrode; OMC-ordered mesoporous carbon; SPAuE-screen printed gold 

electrode; GO-Au NCs-graphene oxide gold nanoclusters; 
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