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A novel 3D nanoflower-like ZnO-graphene nxm:ln:n (3D Z40-GO) nanocomposites were

for the first fime by simple aqueous hydrothenmal method and sanochermical approsch. Then the
Auf@AuPt NPs were decorated oto 3D In0-GO nanocomposites o obtain 4 novel Av@AUPUID
ZuO-GO namwly brids. The obiained nanohybrids were charasterized by scansing clestron wicroscopy.
tansmission chectron microscopy, and X-my diffraction. The Aui@AuPVID Zn0-GO nanohybrids
were wied 1o fbricate electiochemical sensor for detection of daxorubicin hydrochloride. The
pioposed sensor showed excellont electrocatalytic activity toward _electrochemical _oxidation
doxorubicin hydrochloride. The electrochemical ocidation reaction of doxerubicin hydrochlornide on

electron trmsfer nunber (n) were 0.81 and 2, respectively. The sensor had a wide linear range from
1o 36945 yM, with the limit of detection was 0,013 WM. Furthenmore, the
electrocherical sensor can be applied successflly to selective determination of doxorubicin

ydrochloride i urine sample.

[ z oxide; doxorubicin

hydrochloride; electrochemical sensor

1 INTRODUCTION

Doorubicin hydrochloride was s important anticancer drug, which had been widely used for
the treatment of breast cancer, lymphoma and bladder cancer in clinical trestment [1]. However, the

Int. J. Efectrochem. Sci., 17 (2022) Atticle Number: 220144 a

‘morphologies of Au@ANPY3D Zn0-GO nanohybrids were fiuther studied by transmission electron
microscape (JEOL 2010, aperating at 200 KV). Crystalline properties of the prepared nano-materials
X'Pert’ poy ‘ompany).

2.6 Fiectrachemical measurements

Before the surface coating, the GC electrode (GCE, 3 mm in dismeter) was polished carefully
with 1.0, 0.3, and 0,05 yum abumies powder and rinsed with ultra-pure water, followed by sonication in
ethanol and ultm-pure water successively. For electrochemical experiments. 7 L. of prepared
nanocamposites were dropped on the surface of the GCE and dried in air. The fabricated sensor was
used as the working electrode for all electrochemical studies. The electiochemical experiments were
performed with & CHI 660E elcctrocheniical analyzer (CH Instruuncats, Chenlbwa Co., Shanghai,
Chana). A cony onal three-electr ode cell was used, mcluding a Ag/AgCl (saturated KC1) electrode
as reference electrode, a platinum wire as counter electrode, and modified GC as working electrode.
Electrochemical inpedance spectroscopy (EIS) was pesformed in 1.0 mM [Fe(CN)oJ'* contmining 0.1
M KCl as suppotting electrolyte within the frequency range of 0.1—10° Hz. The eyclic voltummetry
(CV) were carried out in pH=60 B-R buffer solution containing 30 pM doxorubicin hydrochloride.
The differential pulse voltammmetry (DPV) measunments were recorded in the rnge of 0.2-0.8 V with
the applied parameters as follows: amplinude was .05 V. pulse widih was 0,05 5

27, Awalysis of real samples
‘We used human uring as real samples 1o determine the doxorubicin hydrochloride content by

standard addition method. A certain amount of each real sample was diluted with pH=6.0 B-R bufler

solution, spiked with doxorubicin hydrocklorid and then tested to measure doxombicin hydrochlorid

by DPV.

3.RESULT AND DISCUSSION

2.1, Synhesis and characterization of prepared namomarerials

Flowerlike Za0  namocomposites were prepared under solvothermal  condition
Z0(NOGHO wis used as reactive material, CHNo was used as waiform precipitant which
provided hydroxide ions (OH'), and trisodium citrate deliydrate used as surface modification agent. In
this hydrothermal process, the prepanng of flower-like ZoO was endwred two-step nucleation growth
process. Firstly, CoHi:Na can provide OH- aceording to the squation (1) and (2), the ZnfNOs):+6H.0
provided 20" The Zn(O! be obtmined CabaNo. Because
exist of excess hydroxide fons in the solution, the freshly prepared Zn(OH); readily got converted into
[Z0(OH)I* (Equ (3). Then the ZnO crystal nuichens were formed by the dehydration reaction of
[Za(OHMJ* (Equ (4)).
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clinical applcarion of doxorubicin hydioshloride was limited becanie of same toxic side effects
including alopecia, 12, 3], Thus, it was necessary
o monitor the doxorubicin hydrochloride concentrations u patieut’s serum or urine (o avoid adverse
‘effects and ensure the effectiveness of the treatment and patieat safety [4, 5). Therefore, it was urgently
necessary to develop fast, simple, and selective methods for detection of doxorubicin hydrochloride.
Electrochemical detection technique had received a dramatic growth in recent years due to wide rnge
application and low cost [6, 7). As well-known, a great divenity of nanomaterials had been
demonstrated exhibiting wonderful properties and can enhance electrochemical performance of
proposed sensor

Recently, Zine oxide (Zn0) had been thought to be a prominent multifunctional material for
clestrochemical sensor applications due 1o its good biocompatibility, nontoxicity, and high chemical
stabiliy. The vasiety of structures of Zu0 manomaterials had been reported. 1D nanorods, needles, and
wires, 20 nanoplate, naniosheet, and nanopellets, 3D flower, suowflakes, and coniferous wehin
However, pure Z00 usually showed mpid recombination of charge cariers which would limit its
application. Graphene oxidation nmosheets exhibitd unique performance, such s, excellent chemical
stability, high condu and high . and exciting new array of
ideas and applications. Based on the above considerations, many researchers had prepared the
nanocomposites of reduced graphene oxide with ZnO [8, 9]. Nevertheless, the report about 3D flower-
like ZnO-graphene oxidation was relatively few. Meantime, the application of novel Au@AuPt
bianetallic nanoparticle decorated fower-like ZuO-grapbene oxidation (AU@AWPVID Zu0-GO)
nanohybrids a5 high-performance electrocatalysts for constructing a doxorubicin hydrochloride
electrochemical sensor had rarely been explored

In this work, a novel 3D flower-like ZnO was prepared by a simple aqueous hydrothermal
method, and then 3D flower-like ZnO-GO nanocomposites were obtained for the first time Yhﬂmlh a
sonochemical approash. Then the Au@@ AuPt NPs Y
b  ovel ks, Ths cbisned ok was wsed o ot lecochenical s for
doxonubicin hydrochloride

2 EXPERIMENTAL
21, Choicals

Graphene axidation was obtained from Siangsu XFNANO Technology €o., Lid. Zine nitrate
hexahydrate [Zn(NO)z 6H:0), hexamethylenetetramine (CoHy:No), trisodim citrate  dibydrate
(HOC(COONYCH:COON): 2H:00), anhydious ethanol, phosphoric acid, glacial acetic acid, boric
acid were eu-m from Shanghai Chemical Reagent Co. L. (Shanghai, China). Tetrachloromuris
V) acid (HPICL), po
from Shanghai Eyhndu Chemical Technology Co, Ltd A certain amount of doxorubicin
hydrochloride was dissolved in Ultra-pure watex with ultrasonication for 30 wmin, and stored in the dark
14 C. The Britton-Robinson (B-R) buffer solutions (0.04 M in cach of acetic, plosphoris and boric

)
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At this siage, a large amount of ZuO crystal mcleus would be produced as the reaction
proceeds. The newly fonmed ZuO mucleus were constantly incorporated o the initial mcleus, and
then nanoclusters with certain orientations were formed [11, 12]. The trisodium citrate could reduce
surface energy of manoclusters and regulate micleation and growth of secondary structures. Then the
200 nanoclusters grew into a spherical structure and the side length of the Zu0 nanosheets increased
significantly as the reaction time increased [13]. Tt was noted that Zn0 manosheets crossed ech other
and resulting formed a porous network structure. The morphological of ZnO was characterized by
scanning ehectron microscopy (SEM) images. The reaction time was oplimized varied from | hto 4 b
in order to obtain better flower-like stmicture Zu0. The resulis were shown in Figure 1 A-H, the
obtained 700 revealed a spherical morphology with diameter ranging from 2 1o 3 jim when the
reaction time was 10 b And the part of the Zn0O surfaces bad not formed porots network structure.
When the reaction time was increased 10 2.0 b, the sheet-like Zu0 plates were getting thinner and
hinner, the crossover
formed onto the surface of ZnO' sructure. Figure 1D revealed the Zn0 consisted of mumerous
‘nanoflowers, most of anoflowers were integrated rather than just aggregated with each oflier. When
the reaction time was extended to 3 b the nanosheets that form the pores structure became rougen and
thicken. Finally, at the reaction time of 4 h the characteristic flower-like stmeture was disintegrating.
and the pores stmcture was fewer (Figure 1G and 1H). The results proved that the well defined 3D
fower-like 210 can be obtained when the reaction time was 2 b

After ultrasound reaction in GO suspension. the surface of 3D flower-like ZO were coated by
thin layers of GO filin, the results were show in Figure 24, The size of 3D 2u0-GO sanoflowers was
about 22 jm. It is worth noting that the ZnO still have a 3D flower-like afier ultrasound reaction in
Z00-GO. manoflowers, There was no obvious structural changes and collapses, indicating great
structural stability. The composite possessed a siable strusture due o the introduction of GO
nanosheets, which utilizes bend to mintain thermodynamic stability of nanolybrids. Remarkably, the
3D Z00-GO nanoflowers st possessed a number of pores among petals, which would offer more
specific surface area and help not ouly to load a large number of nanoparticles, but also o inerease (he
‘contact area between the electrode material and small molecules. It would benefit to acoeleate eleciron
transfer during the electrochemical reaction.
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acids) adjust o the desired pH with additions of 0.2 M sodiun hydroxide were wsed as a supparting
electrolyte

2.2, Synthesis of 3D flower-like Zn0 and Zn0-GO nanocoposiies

0.7437 g Zn(NO;)#6H,0 was dissolved in 250 mL ultra-pure water in a round-bottom flask.
0.14 g Ca Ny was dissolved in 100 mL ultra-pure water and then added iuto the above solution uader
magneiic ﬂlmu; 0 um & wisodim ctrte dehydrate was ssolved n 50 il ulra-pure water and
The obtained ions were kept at 95 °C
stirving for 2 b The resultant 3D flower-like Zu0 was collected by centrifugation and washed with
ultra-pure water and anlydrous ethanol three times. The obiained nanomaterials were marked as Zn0-
2

I onder 10 prepare 3D flower-like Z00-GO nanocoposites, 10.0 mg GO was dispersed in 10
L ultia-pure water. The mixture solutions was ultrasouicated for | b, Then as-prepared 30 mg 3D
700 was added into the GO suspension. The oblained solution was subjected o ultasound (200 W)
for 2 at 50 °C, leading to a light grey solution. The obtained solution was stored at 4 °C for later use.

2.3, Synthesis of Au nanosceds

Au nanoseeds were prepared according 10 a modified Frens® method [10). 130 mL 19302 mM
HAUCL solution and 48.8 ml. ultra-pure water were mixed i three-necked round botom fask. Then
the obtained solution was heated 10 a boil. Then 0368 mL 340 mM tisodium citrate solutious were
added. The obiained solutions were vigorous stimed and reflixed for 10 min. Finally, the obtained
wine red dispersion was stored at 4 °C after cooling.

2.4, Svnthests of AU@AUPT NPs and A@AUPL/SD ZnO-GO nanolybrids

T a typical method, 2 mL. of Au mnoseeds, 1.5 mL of HPICL (100 mM) and HASCLe
(aH:PICL: nHARCL = 2:1) were mixed in three-necked round bottom flask. The resultant solution was
Kept at 4 “C under vigorous stirring for $ min, followed by addition of 0.65 mL NaBH, (10.00 mM).
The mixture was stined for approxiitely 30 min. The resuling products were collected by
centrifugation and washed with ultra-pure water. Finally, the oblained AW@AUPtNPs were dispersed
in 30 L. ulwa-pare water, For the synbeses of Au@AuPU3D Zn0-GO nanobybrids, 30 ml.
Au@AuPt NPs and 10 mL. 3D flower-like Z00-GO were mixed, then the mixture solutions were
(200 W) for 3 b, Mutions were collected

25 Characterization of the synthesized nano-materials

The morphologies of the as-prepared 3D ZuO and 3D Zu0-GO manosomposites were observed
on a high resolution field emission scaming electron microscopy (SUSOL0, Hitachi). And the
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50 nm

Figure 1. SEM images of 3D Zn0-1 (A and B), 3D Z60-2 (C and D), 3D Zn0-3 (E and F), and 3D
Z00-4 (G and H), which were obtained with the reaction time of 1 h, 2 b, 3 h, and 4 b,
respectively.





