The fabrication of electrochemical sensors for dopamine dgtectio ensitivity made research in this direction a continuum.
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Graphitic carbon dot/copper oxide nanocomposite
based electrochemical sensor for dopamine detection
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The present work presents the synthesis of graphitic carbon dot (CQDs) and copper SpGthOSCOpIC characterization
oxide (CuO) nanomaterials via the chemical oxidation and co-precipitation 0.6 — 291 nm

techniques, respectively. These materials and their composite (CQDs/CuQ) were )
characterized using the FT-IR, UV-vis, EDS, SEM, TEM and XRD prior to CQDs
modification with glassy carbon electrode. The electroanalysis of dopamine at the CuO NPs
GCE/CQDs/CuO modified electrode gave a limit of detection of 25.4 UM over a CQDs/Cuo
concentration linear range of 1-180 uM. The application of this sensor for DA

Table 1: LoD and LDR of nanocomposite modified electrode
AR Electrode LoD (uM) LDR (nLM)
skl GCE/CQDs/Cu0 25.4 10-180

Morphological characterization
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detection in the presence of ascorbic acid (AA) was also investigated. The sensor | £ Table 2: Real sample analysis data (n=3)
gave a wide AA-DA peak separation, suggesting no interference of the (AA) peak | =
with DA peak. The sensor also exhibited good reproducibility and recovery of the | 3 Amount added Amount Found Recovery
analyte from dopamine hydrochloride detection. ﬁ ‘ 7 2 x \ & (IlM) (l—lM) (%)
_ . . . D NG T el o : i 3 4
Keywords: Graphitic carbon dot, copper oxide, dopamine, glassy carbon electrode, g‘_‘ ek W o . . 50 46.524 93
square wave voltammetry 5 —— e e 1 AFD -902120178
‘ - 50 50.98 102
430 I J0 AN 50 45.098 90.2
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The synthesis and characterization of CQDs, CuO NPS and their composite was
achieved in this study. The UV spectrum (Fig. 1) , FT-IR spectrum (Fig. 2) XRD
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Dopamine is about the most studied neurotransmitter (NT). This could be .
attributed to its significance as a NT with the capacity to coordinate essential Fig. 1: UV spectra of (A) CQDs  (B) CuO

activities of the entire human system such as learning, behavior, emotion and nanoparticles (C) CQDs/CuO nanocomposite
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kf)n_OVefTentl 1.h Byb Imp_llca}l_ont, dth_e w;:balgnc; in thtla_kcolr)lcelz_tratlo’n Oc|>_f this o5 - - 4 6 N f 10 diffractogram (Fig. 4) and the morphological characterization with scanning electron
d:e?nmecr)n?;u eepi?esps;/e enséﬂ?fo'gﬁrgmén ;mgc:gc otﬁg?ss s, eSpeacl:rtrtl)rrl)sf(\)(;ltc?meltii/asi, 0os] M AN ANV e ) microscopy (SEM) (Fig. 3) confirmed the successful synthesis of these materials. The
' : : ’ B - : . ticle si f the CQDs (9.02 is similar to the < 10 ted f
chromatography 5, capillary electrophoresis ¢ and electroanalytical methods * 3 are 0.96 - /‘ \ /J Fig. 3: SEM micrograph of (A) CuO nanoparticles (B) CQDs anmﬁfnpag(;tcse 1s4l.ze'|9he %ogficsat(ion :fm)b:r:"ga; Owitr? thesenmm;igroigli fg;
?ﬁeaneaiﬁlciic tehc:nndl:q_l:lzs ttitsth 2‘%3@2%22'03;2?;? F?e d;rfgcusc:r:s‘?{. thtls ag?lﬁ]eé 0.94 485 (C) CQDs/CuO nanocomposite and (D) particle size electrochemical detection of dopamine and the electrochemical characterization in
: Ing, cost- Iveness, Ity tvity o 0924 distribution chart from the TEM microaraph of CODs [Fe(CN)g]3/+ redox probe shows that the CQDs/CuO modified GCE has a superior
electr_o chfemlcal SENsors informed the preference qf this electroana_lytlcal method S 0-90-: grap Q catalytic effect (Fig. 5). This same modified electrode offered the best electrocatalytic
by §C|ent|§ts relative to other analytical means which hardly combine all of these ,55 0.88 - 01 3.0+ effect on the oxidation of dopamine compared to other modified electrodes (Fig. 6).
attrlbutes_ . . . . € 0864 = The charge transfer resistance of this electrode (Rct) as obtained from the EIS spectra
The fabrication of electrochemical sensors for dopamine detection has been 2 084 1 CuONPs 254w —CQDs/Cu0 of the modified electrodes (Fig. confirms that the CQDs/CuO modified GCE possess
attempted with the use of various materlf_;lls._Me_taI_and metal oxide _nanopartlcles, S 1086 20, = ) | ¢ ®) —CQDs the lowest Rct (Fig. 7A). The equivalent circuit X represent that of the
enzymes, carbon nanotu_bes, gr_aphene, onic liquids, graphe_ne OX.'d.e’ polymers = 9527 3202 220 GCE/CQDs/CuO while other electrodes were modelled with Y (Fig. 7B). Figure 8 A
and some other materials with veryHrsngh electrocatalytic activity towards 832_ 864 1639 251 g 2 shows the changes in current response with scan rate changes. The peak current
Elomogecmehs have sgr\_/ed this IOU_iIOOS]E3 N The syr]ler?y bet\]:veendt_f}gse r?ategals 0.76_- — CQDsICu0 7 ol 2 £ < response increased with increase in scan rate following the linear relationship seen in
ave been harnessed In Composites Tor the manutacture of mo 1' Iers Tor bare S 688 —— CQDs £ = b Figure 8 B. This relationship suggest that the oxidation of dopamine at
c?n\llentlonﬁl el_ectlrodes which gre_ordr:pa?thguscliptlbls o foulmgd_. A.W'de rangt]ac 0.74 u CuONPs ) 15-\U o = " GCE/CQDs/CuO is a surface confined process. The cyclic voltammograms also show
of electrochemical sensors made in this fashion have been rewarding in terms o 0.72 4 478 S ™ that DA oxidation is a quasi-reversible process. The interference of ascorbic acid (AA)
Zens?]lwty anc:c SEIeCt'V'.t% for_ c:]opﬁmme in the presenctj:e of !E':en;erlng molgc_ul_es 0.70 T T T T T T 1 10+ with dopamine (DA) was investigated using the differential pulse voltammetry (DPV).
ut the quest tor materials with cheaper precursor and possibly better sensitivity 500 1000 1500 2000 2500 3000 3500 4000 0.5 Figure 9 A shows the resolution of the AA-DA peak. Figure 9 B shows that the AA
g1ade _resear_(in In this d_|(;ect|on a (t:_or:tlnucum(.) nge m& éheDdetermlnatlon '(t)f 1 * . . — signal did not interfere with DA with every increase in DA concentration (100-126 puM)
opamine with copper oxide nanoparticles (Cu ) and CQDs nanocomposite Wavenumber (cm ™) 3 4 A “ A " 2628 30 32 34 36 38 40 &2 M while AA concentration remain constant (1 mM). This sensor offered a detection limit
has be_:en attempteq._Thls was inspired by the low band gap and the att_endant h_|gh 2 Theta (degrec) 2 Theta (degree) (LoD) of 25.4 uM over a linear dynamic range (LDR) of 10-180 uM (Table 1). The
electrical conductivity of CuO NPs. The CuO NPs was prepared via chemical Fig. 2: FT-IR spectra of CuO nanoparticles, ] ] sensor was also applied for the detection of dopamine in dopamine hydrochloride
precipitation technique and incorporated into a composite with CQDs prepared i Fig. 4: XRD diffractogram of (A) CuO NPs and (B) injection with a percentage recovery of 95 % (n=3) and a percentage relative standard
from the carbonization of pencil graphite. The resultant composite was used for CQDs and CQD/CuO nanocomposite - : .
the modification of ala 2arbongelerc):trocie for the fabr'cat'onpof the sensor used CQDs and (C) CQDs/CuO deviation (% RSD) of 6.5 %. Table 2 shows the data obtained for this real sample
ificati glassy icati Sensor us . . . :
in this study. Electrochemical characterization of

Electrocatalysis at modified GC electrode

modified electrode

300 =—GCE/CuO
| GCE/CQDs
MATERIALS AND METHODS 1001 o] el
80 - Z 100 In this study, we reported a sensor based on CQDs and CuO NPs nanocomposite for
_ _ _ _ _ 60—- g o] dopamine detection. The sensor shows a promising application for accurate dopamine
All chemicals were supplied by Sigma Aldrich Chemicals, Pomona AH, Kempton . S detection considering its LOD and the relatively wide linear range it possesses. In
Park, 1619, South-Africa. All reagents were of analytical grade. HB pencils were ) 40 - /\ 100 1 addition, the good recovery obtained from the application of this sensor for dopamine
prhocured fro_m_srop rite, mega city mall, Mrgabatho, $<r)]uth-Af_rI|_ca. = 20 / S 200 ] detection in dopamine hydrochloride injection suggest that this sensor is suitable for
The UV-visible sp_ectroscopy was done ~ with Uviline 94.000 uv - ' f‘____..:__."ﬂ'_-ﬂ- 1 the detection of dopamine in pharmaceutical samples. The figures of merit of this
spectrophotometer (with wavelength range of 200-700 nm) supplied by S ! 0- / / s o4 52 00 o2 04 o6 o 10 sensor such as its low LoD, wide LDR and the good recovery obtained in DA
analytics, Germany. Scanning electron microscopy (SEM) was done with Quanta = | —_— ’ e e T o . . -
FEG 250 microscope supplied by ThermoFisher Scientific, USA. Prior sample = -20- P --f""'::-.\ —— Bare GCE Potential (V) hydrochloride injection are indications that the sensor can be commercialized for a
done before SEM analysis 0] — GCECHO GCE/CQDs, GCE/CuO and GCE/CQDs/CuO in 0.4 evel
The functional groups in the materials were analysed with Fourier-transform ] M DA in PBS (oH 7.0) at te of 25 MV s-1
infrared (FT-IR) spectrophotometer procured from Brucker Corporation, USA. -80 - === GCE/CQDs/Cu0O m In (p ' ) at a scan rate o mv:s
The FT-IR spectrophotometer (Opus Alpha-P) was applied within a wavelength . a0 ] +
range of 400-4000 nm. X-ray diffractograms were obtained with Rontgen '100'_ 20 @ LT " REferences
PW3040/60 X’Pert Pro diffractometer at 2° min-* scan rate and diffraction angle 120 —m———w4———Fr—"—7"F—"-""TF"—"""F—"—"7— g v N
of 10° - 90° 06 04 02 00 02 04 06 08 10 = ] o
All  electrochemical measurements were done using an Autolab Potential (V) S s - BareGCE LS. Ben A R Soc Open Sci. 2017. 4. 171199
potentiostat/galvanostat PGSAT-20 operating on Nova 1.3 software and an oten ' M 1 SCrrcabwcno - - BENAOUN, R 50C Lpen S, T . . .
electrochemical cell with a three electrode system. The reference, working and 3676 TZo 4o ao mo 160 130 1o 1d0 180 200 g a 5 Fiygml and (ﬁ] ?Adelrutnlje,é:)urtnal r?f B'osse_nsz(gis&li'Ogslg(grggé%& 2015, 06.
PUTAFIVEDN PRI ORI, WY I WYY BN DUV IPNIPRON e Ve ¥ o PN 7o S SIRDRON | - . - 7" (k€2) . . YU, Y. FPang an . lang, Int J. ectrocnem. SCi, y y - .
0 ed GCE, Fig. 5. Cyclic volatmmogram of bare GCE, B Salom Talant 1987, 34 810812
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