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Abstract

In a new approach based on a two-step procedur@recipitation method followed by
hydrothermal treatment in a microwave field, Znstitbhted FgO, nanoparticles (Zifre;«Oy)
were synthesized. Results of XRD, FT-IR and TEM lyms clearly demonstrate that

nanoparticles were single phase, crystallizinghia spinel structure type (S.G. Fd) with



crystallite size in the range of 2-20 nm, whichostly depends on Zn concentration. The
produced nanoparticles were used for fabricatiomodified carbon paste electrodes as a novel
system for electrochemical non-enzymatic glucodeati®n. It was found that the increase of
zinc concentration up to the value>f 0.56 (Znsde.440,) of as-prepared nanoparticles was
followed with an increase of a performance of thedified carbon paste electrode toward
glucose detection. Linear working range from 0.2 tmM was obtained with detection limit of
0.03 mM, and with fast response time (< 3 s). Psedasensor was successfully applied for the
determination of glucose level in real samples \g#lisfactory recovery. The synthesized zinc-
ferrite samples were also tested as potential igadgents in magnetic hyperthermia. The
heating ability (SAR value) increases withvalue, reaching maximum fot = 0.37. This is
correlated with changes of particle size and magreiaracteristics which strongly depend on

Zn concentration.

Keywords: MW hydrothermal synthesis; Structural characteiora Carbon electrodes; Glucose

sensor; Hyperthermia.

1. Introduction

Nanostructure metal oxides crystallizing in thenspistructure type have been investigated
intensively over the years and present a permametest due to their wide technological
applications such as magnetic and optical matefia8], semiconductors [4], pigments [5],
catalysts [6,7], or material for biomedical applioas [8]. Among them, spinel ferrites with
general formula MFe0, (M* = F&*, Mg?*, Zr?*, C&*, Mn**, Ni?*, etc.) are important class of
materials both in nano and bulk form. Besides jpraktpplications they attract scientists from

fundamental point of view and serve as model systemtheoretical investigations. By partial



substitution of iron by 3d or 4f elements in*{e0,, mixed ferrites are formed. Level of
substitution can significantly modify physicochealiproperties of parent compounds.

Magnetite nanoparticles are known as one of the owamon compounds used for biomedical
applications. They exhibit some promising propsertgich as biocompatibility [9] and low
toxicity [10] in human body, possibility to transfeo superparamagnetic form by decreasing
their particle size, and ease of synthesis progedssurface treatment [11]. Currently, magnetite
(F&s04) and maghemitey{Fe03) are the only two U.S. food and drug administrat{&DA)
approved magnetic materials that can be used inrahgras iron deficiency therapeutics and as

MRI contrasting agents [12].

On the other side, nano Znkxr is found to be one of the most interesting spmatems
because of its unique properties, photochemicabilgta good visible-light response and
favourable magnetism [13]. It has a mixed spinelcitire (ZA*15 F€'s)rd[Fe**os Zn**s]on0%s
with cations Zn and Fe occupying both crystallogiesites, tetrahedral Td and octahedral Oh
in Fd3m space group, and spinel type of structure. Tdiedenotes inversion degree and can

have values from 1 for normal spinel and O for ised one [14].

A plenty of synthetic methods have been proposedofeparing ZnF€,, FeO, and mixed
ZnFesxO4 such as coprecipitation [15], sol-gel method [1€lgctrochemical synthesis [17],
reverse micelles [18], mechanical alloying [19]lvethermal method [20], chemical solution
deposition [21] and so on. In recent years, therowave-assisted hydrothermal synthesis has
been intensively developed due to rapid heatinghéri yield, faster kinetics, homogeneity of
prepared samples compared with the conventionalrottyekmal method [22,23], and
successfully applied in preparation of ferritesrsas FgO, [24], MgFeO, [25], CoFeO, [26],

NiFe,O,4 [27], etc. One of the goals of this study wasital fa quick, simple and cost-efficient
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method for synthesis of ZRes«O, nanoparticles in broad Zn concentration range.eHere

report the two-step method for the preparationsF2n,0, nanoparticles. The produced
nanoparticles were then used for fabrication of iffedl carbon paste electrodes which were
further investigated for non-enzymatic electrochehglucose detection. Also, the influence of

Zn/Fe ratio on performance of the electrodes weasstigated.

Glucose sensing devices have important applicatiordinical diagnostic and food industry.
Nowadays, most of commercial products are enzyngiticose sensors due to being fast and
reversible but they still suffer from lack of théalsility because nature of enzymes which
remains main problem with this type of sensors.[B8]recent years, much research is oriented
on non-enzymatic glucose sensors to overcome thigations such as stability and accuracy
[29,30]. Electrochemical glucose sensors such geeymetric and potentiometric are frequently
used techniques for continuous monitoring becatidevo cost, fast response time, selectivity,
and wider sensing range [31,32]. By means of adx@ifigbrication techniques, various micro-
and nano- structural materials such as noble m@alsPt, Pd) [33—35], composite alloy metals
(Ni-Cu, Pt-Au, Pt-Pb) [36-38], and various modifigtetal oxide nanoparticles (ZnO, ;582)
[39,40] have been recently employed in the preparaif electrodes for non-enzymatic glucose
sensing, by improving biosensor activity, bioconighty and chemical stability. Materials
containing Zn in their structure, such as ZnO aiifter@nt varieties of Zn materials, are
nowadays widely investigated for the applicationb@&sogical sensing devices, due to many
favourable properties. Wide direct band gap (883Y and large exaction binding energy
(60meV) as well as their piezoelectric and semicondgctproperties found significant
application in different research areas includitgcteochemical sensors and biosensors [41].

Due to high ability and favourable reaction withygen these materials are one of best



promising materials in the field of sensors [42fréin, we have developed a new glucose
flexible electrochemical sensor based on magneticoparticles of zinc-ferrite for a rapid,

simple and quantitative monitoring of glucose.

Magnetic hyperthermia (MH) is one of the most praimg techniques in the treatment of
malignant diseases. The most commonly used namndpartfor magnetic hyperthermia are
ferromagnetic or superparamagnetig@eand y-Fe,03. Recently, the biggest challenge is to
synthesize magnetic nanoparticles (MNPs) with higlating ability (expressed by specific
absorption rate, SAR). Hence, the attention is $eduon the synthesis of complex magnetic
oxides where it is possible to tailor the propertend increase of the SAR by modifying
physicochemical parameters of synthesis. It is wadiwn that the particle size and composition
are closely correlated with morphological and maigneroperties of MNPs, consequently, one
of the aims of this work was to investigate thduehce on heating ability by modifying Zn

concentration in Zgre;Oa.

The main goals of this work were preparation off5,0,4 nanoparticleand ZnFe;«O4/carbon
paste electrodes, fabrication and optimization leénsical composition of Z#e;O4/carbon
paste electrodes for enhanced reagentless deteofioglucose and investigation of Zn

concentration influence (£Re;xO,4) on heating efficiency in magnetic hyperthermia.

2. Material and methods

2.1.Chemicals

Iron(ll) sulphate heptahydrate (FeS@H0O, ACS reagent>99.0%), zinc chloride (Zn@|l p.a

>98%), ammonium hydroxide solution (¥&IH, ACS reagent, 28,0-30,0% RhlHasis), carbon

(glassy, spherical powder, 2-12 pm, 99,95%), cawd (GHsO;, 99%) and mineral oil (light)
5



were purchased from Sigma Aldrich. Iron(lll) chibei hexahydrate (Fe&£6H,0, ACS reagent,
> 99.0%) and sodium hydroxide (NaOH, reagent gra®&.0%) were were purchased from

Merck, Germany.

2.2.Synthesis of nanoparticles

All reagents were of analytical grade and were wseckceived without further purification. The
synthesis of nanoparticles has been based on europs work [43]. Here, the procedure was
successfully applied to the preparation of Zn-fesriwith different amounts of Zn. The
nanoparticles represented with formula unitF#8,0O, were prepared by two-step procedure,
coprecipitation method at room temperature follovagdhydrothermal treatment in microwave
field at 100°C. Briefly, the iron and zinc saltsree@added to round bottom flask under a blanket
of nitrogen and vigorous mechanical stirring. Tlamaparticles were precipitated with NBH

for 1 hour dropwise, and transferred to the micnevaieactor. The power of microwave
irradiation was set between 0-1000 W, with a linezating of mixture from room temperature to
100°C for 10 min. Vessels were quickly cooled inaanflow, and obtained black product was
collected by external magnet and washed with demiized water several times. Finally, the
nanoparticles were dispersed in water. The syrebdsamples were dried overnight at 60°C for

further characterization.

2.3.Preparation of modified electrodes

The unmodified carbon paste electrode was prepereal standard way, by mixing carbon
powder and oil in an 80:20 ratios, followed withnimmgenizing by handle mixing. For the

electrode a Teflon tube with inner diameter of 3 mmas used. Modified electrodes were



prepared by adding 5 wt % of synthesizedFR&s.O,4 to the carbon powder and following the

procedure for preparing the unmodified electrode.

2.4. Experimental techniques

The Zn and Fe contents in theE&.0, samples were determined using the inductively lsalp
plasma atomic emission spectroscopy (ICP-AES) pad on a Thermo Scientific iCAP 6500
Duo ICP system. The structure/microstructure ofsamples was checked/determined using X-
ray diffraction data. The data were collected vatsmartLaBl X-ray diffractometer (Rigaku),
using Cu ku radiation { = 0.1542 nm). The experimental conditions werstep size of 0.05
and with exposition of 3 s per step in theranging from 1%to 70 with divergent slit of 0.5
mm, operated at 40 kV and 30 mA. The morphology taeddistribution of the particles were
also investigated, with help of transmission el@ttmicroscope (TEM) JEM-2100 operated at
200 kV. Presence of organic molecules at the sairfaéfcthe particles (capping agent) were
checked by Fourier transform-infrared spectrosd®fiyIR) in the region from 400 cfnto 4000
cm’ using a Nicolet iS50 FT-IR, Thermo Fisher Sciéaispectrophotometer equipped by Smart
iTR attenuated total reflectance (ATR) samplingessory, by fixing the samples on diamond
plate. The background spectra were measured @aa ahd dry diamond crystal.
Electrochemical measurements were performed using efectrochemical system CH
Instruments. The cell (5 ml) consisted of a thrieeteode system, carbon paste electrode or
modified electrode as working electrode, an Ag/A¢&turated KCI) reference electrode and a
Pt wire counter electrode. All potentials obtainedthis study were reported vs. Ag/AgCI
reference electrode at ambient temperature. pHesalere measured with pH meter model

Jenco Instruments Model No. 6071 (Taiwan), usiocgrabined glass electrode.



2.5. M agnetic measurements

Magnetic properties were studied by means of Qumaridesign MPMS XL SQUID (Hax= 70
kOe) and Quantum Design VersaLab VSMp{H= 30 kOe). Different kinds of magnetic
measurements were carried out. Magnetizattomagnetic field curves were measured at 300 K
between -30 kOe and 30 kOe. The saturation magutietiz(Ms) was estimated by using the

equation 1:
M = M, (1 — % — %) for H tending tow, (1)

Magnetization vs. temperature were measured betivéeand 300 K. The samples were cooled
from ambient temperature to 5 K without field (ZF&)d after that the samples were cooled

from room to 5K in small magnetic field (H = 100 )JEC) with measure of magnetization.

Calorimetric measurements of SAR were performedri®ans of non-adiabatic experimental
setup DM100 Series built by nanoScale Biomagnetagmetic fluid hyperthermia measuring
system. Kinetic (heating) curves were recorded uadmagnetic field of 15.9 kA thand two
different frequencies (252 kHz and 577 kHz) for 12@n water colloidal dispersions of the
magnetic nanopatrticles. Nanoparticles have beeteddsy intercalation process with citric acid
(CsHsOy) in order to get more stable suspension. Coatmgguure was done by mixing NPs
and citric acid in concertation of 0.6 mmol CAdfj nanoparticles at room temperature in
ultrasonic bath for 30 min. After intercalation pess with citric acid, all samples were stable in
interval of few hours. The concentration of thelaidal dispersion was 3 mg thifor all the
samples. Temperature of the sample was monitoreapbgal fiber probe. Colloid temperature

was kept below 65°C to minimize evaporation andvemé colloid destabilization. The SAR



values have been estimated by a linear curvedittirthe first 30 s of the heating curves (initial

slope method). SAR is defined as the power dissipgter unit mass of iron (W/g).

3. Results and discussion

3.1. Structural and microstructural characterization

The Zn and Fe content in the #1404 samples was determined using ICP-OES technique. Th
obtained results were slightly different from thosargeted (Table 1 and Figure S1,
Supplementary material). It seems that for highealues X > 0.6) some unreacted quantity of

Zn salts remains in supernatant.

The diffraction patterns of the Zme; 04 (x =0, 0.10, 0.20, 0.37, 0.56, 0.66 and 0.85) aosveh

in Figure 1a. The reflections for all samples appeat approximately same positions as those
of pure magnetitex(= 0). This indicates that all reflections couldibdexed in the F3im (No.
227) space group of the cubic structure, suggestiaigthe samples have spinel structure (ICDD
PDF #22-1012). The samples’ mean crystallite sdetermined by Sherrer's equation [44],
decreases with the increase of zing é&émount, from 15.5 nm for E®, to 2.2 nm for
Zno g€ .150,. It is worth noting that addition of Zn salts iolgtion suppress particle/crystallite
size growth, Table 1. Final sample of the seriessdit have well-arranged crystal structure and

lattice parameter couldn’t be determined due tg beoad reflections.

The value of lattice parametea) (linearly increases Zn concentration, Table 1 Riglre 1b,
corresponding to the Vegard rule [45]. This is afcmation of replacement of iron by zinc in
magnetite. The trend could be explained by considehe size of iconic radii of the metal ions.

Zn** has bigger radius (0.74 A), whereas'Bad F&" are smaller (0.61 A and 0.49 A) which



may induce in increase of the lattice parameter4[4l6 Considering that Td sites are smaller
than the Oh ones, a higher occupancy of the Td &iyebigger metal cations will lead to the
dilatation of the structure and, subsequentlyntinarease of a lattice parameter. The shift of the
(311) reflection peak to lower angles due to cefilansion is shown in the inset of Figure 1b. It
is worth noting that.iu et al. also reported a similar effect nfon the length of the-axis and
the crystal size with the Zn contents below 0.4 ardicated that thak value might be an

acceptable limit of forming the ZRe; O, crystal [48].
>>>HereFigure 1<<<

Table 1. Chemical composition of the samples adngrdtoichiometric ratio of starting
compound (targeted) and determined by ICP-OESiceaftarametea, crystallite size <Rrp>

and patrticle size <> with polydispersitystem are shown.

Chemical Chemica
<Dxrp> a <Drem> OTEM
composition composition
(nm) A (nm) (%)
(Targeted) (ICP-OES)

Fe0, Fe0, 15.5(3 8.368(7 19.¢ 26.1
ZNg 1F€5 0, ZNg 1d€2.904 13.6(5 8.382(1 17.¢ 26.t
Zng F€, 604 ZNg 2d€2 804 119(6 8398(8 15.2 26.€
ZNo 4F€5 604 ZNg 3765604 103(8 8447(6 12.¢ 24.t
Zng gF € 404 ZNg 587€5 4404 50(8: 8467(1 8.3 28.7
ZNg gF€, 50, ZNg 6€5 3404 4.7(9 8.469(5 8.C 29.2

ZnFe0, ZNg gF€5 1504 2.2(5 - 4.1 23.%
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An accurate description of particle size, sizeritiation and morphology were derived from a
statistical analysis of more than 500 particlesdach sample collected from different parts of
the grid, as observed in TEM experiments (FiguréA®)can be seen from TEM images, particle
with x from 0.0 to 0.56 behave as pseudo-spherical natidparwhich undergoes log-normal
size distribution. The average diameters of theoparticles €Dgy>) and polydispersityofen)

are listed in Table 1. It can be seen that theuswat average particle size is comparable with
crystallite size obtained from XRD which indicatet nanoparticles have high crystallinity and
that they are monocrystals and free of defectsst@Hynity decreases with substitution with
Zn**, and also particles change in shape from spheticabunded cubic morphology (Figure
S2). Additionally, it was found that the averageardeter of nanoparticles decreases with
increasingx from 0.0 to 0.56, and roughly remained constantierdbrx = 0.66 andx = 0.85.
Low crystallinity of the sample witkh = 0.85 is confirmed with TEM analysis also (Fig&2c).

>>>Here Figure 2<<<

FT-IR analysis (Figure S3) is useful technique itee gis more information about the inorganic
phase, Me-O (Me = Zn, Co, Mg) stretching modespufied ferrites falling in the fingerprint
region (1500 cri to 500 cnt). The metal-oxygen stretching vibrations of theahdl Oh sites
are moving towards lower values for increasing ziogtent, from 555 cthfor magnetite to 537
cm® ZnosdFe .40 Considering values previously reported in therditure for pure magnetite
(570 cm') and zinc ferrite (555 crf) [49], this trend can be interpreted as a gradubstitution

of F&* by the ZA" inside of a spinel structure. In Figure S3b obsdmvalues are decreasing,
going from magnetite to zinc ferrite with the extep of sample Zgsde 3404 That may be
attributed to cationic distribution because not Zdl ions lie on tetrahedral site but a mixed

cationic distribution may exists depending on Zri&#® or due to other factor.
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3.2. Magnetic characterization of ZnyFes;«O4 nanoparticles

To investigate magnetization properties of the isthichanoparticles, hysteresis loops M(H) were
recorded at room temperature (Figure 3a). The foualdies of the coercivity, remanent
magnetization and saturation magnetization usingd)Mdata are summarized in Table S2.
Saturation magnetization (Ms) of §& was found to be 77.29 emu/g with reaching maximum
value for Zn 1dFe.9004 at 91.38 emu/g. The increaseMs with respect to parent compoumnd=(

0) can be interpreted in terms of elimination of'fmoment cancelling at neighbouring A and B
sites, since Z41 incorporation at A sites locally cancels superexcie A—B. The reduction of
Ms for x > 0.37 could be due to A-B interaction and the egnent takeover of the B—B when
Zn** A site occupation is sufficiently high, leading &reduced moment per unit formula.
Another result shown in Figure 3a is that all ofgmetization curves go through the origin of
magnetization graph. This means that the synth@Rs show superparamagnetic behaviour at

room temperature because of not exhibiting hysigresercivity, and remanence.

Moreover, the temperature dependence of magnetizafi ZnFe; «O4 nanoparticles with a field

of H = 100 Oe under both field cooled (FC) and zietd cooled (ZFC) condition was also
investigated (Figure 3b). The ZFC curves for themgas withx = 0.56 andx = 0.66 show a
weak broad maximum centred a~1119 K and E~103 K. Above the blocking temperature
(Tg) magnetization FC and ZFC curves reveal superpagagtic characteristics. ZFC curve of
Zno sF€.1504 indicates that the blocking temperature gs-37 K, while rest of the samples have
Tg above room temperature. The effect of inclusioh®ianmagnetic ions (as zinc) in spinel
ferrite nanocrystals on magnetic properties has loescussed [13]. These changes in magnetic

properties are probably due to an increase in thgnetic disorder induced by a decrease in the

12



magnetic interactions of the ions between the s$titds, which favours frustrations, i.e. changes

in the orientation of individual magnetic moments.

>>> Here Figure 3<<<

The heating ability of the coated materials of 8,04 NPs in water suspension at
physiological pH was performed to study the differes of samples morphology and
crystallinity by evaluating the specific absorptite, i.e the absorbed power per mass unit of
the water suspension. The SAR values were estinfiaedthe initial slope of the kinetic curves,

dT/dt(0), using the equation 2:

_ p1 z
SAR (W/g) = Cnp + PNP X @ X (dt)max (2)

wherepyp denotes density of nanoparticles in the collpiddensity of the liquid in the colloid,

(%) maximum gradient of the temperature curve of tHeich while ¢; andcy, are specific
max

heat of the liquid and specific heat of the nantgas. Figure 4 shows the differences of SAR
calculated by “the slope method” (change of temjpeesover time for different frequencies: 252
kHz and 577 kHz) for prepared samples. The experah&inetic curves are shown in Figure
S4, while the SAR values are reported in TablePs2e magnetite NPs of 19.8 nm results a SAR
of ~52 W/g, while measured value increases withatmeunt of substitution of Eeby zZrf* and

the highest SAR is for zn+e 640, of 12.8 nm with value of ~106 W/g at 252 kHz (Jexble
S1), which is more than twice that of pure magaefithis demonstrates that both core sizes and
chemical composition have influence in heatingceghicy. The heating ability is negligible for
the samples witkx above 0.37. These results are in good arrangemiémttive analysis of the

magnetic properties as the heating power dependsagnetization of the material,sM
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>>> Here Figure 4<<<

Given the heterogeneity of conditions (field ami# and frequency) for calculating SAR in
different laboratories, and differences betweenenms (with different structure, chemical
composition, shape, size etc.), it is difficultfitod most appropriate examples in the literature to
compare our results. For example, 10-12 nm singteain ferrite nanoparticles coated with
dextran, had a SAR value of 210 W/g (field amplgud2 kA/m and frequency of 880 kHz) [50].
Our Zny s#e 64804 sample, with a similar particle size, presentsghtly higher SLP value (261
W/g) with the lower frequency (577 kHz) and fieldh@litude of 15.9 kA/m; however, the
measurement conditions are not exactly the samelagmical composition is different, but it is
worth noting that Zgs#e 64804 NPs can be used as promising candidate for thecagiph in

magnetic hyperthermia.

The intrinsic loss power (ILP) of the samples walswalated from the equation 3:

ILP (nHm?2 /kg) = % 3)

It ranges from 0.6 to 0.8 (in the case of samplgs w= 0, 0.1 and 0.2) up to 1.X € 0.37).
Lastly, it must be said that field amplitude; H 15.9 kA/m and frequency,= 252 kHz, were
chosen in such manner as their product undergoes tdfherance limit Hy X f=5-

10° Am~1s71) currently accepted in order to avoid any undessiée effects on human beings
for small region exposure [51]. Larger amplitudad &equencies can induce uncontrolled tissue
overheating due to generated eddy currents anghmzal stimulation of muscles. One more
measurement of SAR at higher frequericy, 577 kHz, was performed just to confirm heating
ability and to emphasize differences between kinetirves of different samples. Therefore,

different heating efficiency is coming from the fdience in particle size and magnetic

14



anisotropy, with optimum particle diameter at ab®8tnm and saturation magnetisation (Ms)

above 75 emu/g, induced by incorporation of zimsim spinel ferrite nanocrystals.

3.3. Application of Zn,Fe;O4/glassy carbon electrodesfor detection of glucose

Cyclic voltammetry was applied for determinationagtimum Zn level in ZgFe; O, towards
detection of glucose. Firstly, voltammograms weeeorded in different pH of supporting
electrolyte using Zgsde.440,4. It was found that highest response was obtairséigu0.1 M
NaOH as supporting electrolyte (data not showninil8r behaviour was noticed by other
authors using structurally similar nanomaterial®,$3]. Optimization of modifiers percentage
wasn’'t done and all modifiers were tested in peag® of 5 % based on literature data and our
previous experience [54,55]. Voltammograms in abseand presence of 0.01 M of glucose in
0.1 M NaOH using different modified electrodes presented in Figure 5. As can be concluded
from this study increase of Zn content inZ&..O4 up to value ofx = 0.56 is followed by an
increase of its possibilities toward glucose deévectThese phenomena can be attributed to
reduction of nanoparticles size and same trendn$irctned by previous measurements. Decrease
of modified electrode characteristics is in theeliwith the loss of crystallinity with further
increase of Zn in spinel structure. Based on thmeselts Zp sd~e.440, modified glassy carbon

paste electrode was selected as optimum for gludbetsetion.

>>> Here Figure 5<<<

Analytical characteristics of selected electrodeeniavestigated using amperometric detection
in previously found 0.1 M NaOH as supporting elelgtie at potential of 0.5 V (Figure 6).
Calibration curve was constructed by plotting okimla currents versus glucose concentrations

(Inset of Figure 6). It was found that proposed-eamymatic glucose biosensors show linear

15



working range from 0.1 up to 2 mM with Ilinear regg®n equation,

I (LA) = 0.046 c (mM) + 1.373, and linear regression coefficient of R = 0.994Imit of
detection (LOD) basedo3ercepfslope was calculated to be 0.03 mM. Developedassnmossess
comparable characteristics (limit of detection, raiag range and response time) as those
previously published in the literature. Charactarssof our method and some literature data are
listed in Table 2. Simplicity and low-cost of magmwith comparable or better results, as well as
easy manipulating steps and renewable electrodiacsurcan be advantages of proposed
modified carbon paste electrode. Five replicativeasurements of 0.5 mM of glucose using
developed method shows low RSD value of 3.4 % ctflgood precision for glucose detection

with negligible surface passivation.

Table 2. Comparison characteristics of developetthotkand some literature data

Detection
Linear range Response
Electrode Technique limit Reference
(mM) time (s)
(mM)

ZnO nanostructure Ccv 1-10 0.82 - [56]
ZnO nanopatrticles Amperometry 1-8.6 0.000043 <4 [57]

Pine-like Au Amperometry 0.02-0.24 0.00339 - [58]

nanostructure
RGO/Nickel/ZznO Amperometry 0.0005-1.11 0.00015 <3 [59]

heterostructures
ZNg 58-€.4404 Amperometry 0.1-2 0.03 <3 The current
study

16



Selectivity of developed method was tested usinguraly occurring compounds such as
ascorbic acid and uric acid, which can degradeiefficy of proposed sensor towards glucose
determination (Figure 6b). It is expected that phiggjical concentration of glucose in human is
about 4-7 mM and concentration of these interfedagpounds is much lower (around 0.05
mM or lower). The amperometric response of developedified electrode to sequential
injection of different concentration of glucose a@d5 mM of ascorbic and uric acids at
operating potential of 0.5 V clearly indicates ngigle influence of these interfering compounds
and leads to the conclusion that the developed adgbhovides considerably selective, sensitive

and precise quantification of glucose.

>>>Here Figure 6<<<
3.4.Practical application of developed procedurefor the deter mination of glucose in blood
samples

Applicability of proposed method was tested for tleermination of glucose level in artificial
model samples. Samples were prepared following pededure: 7 g of human serum albumin
was dissolved in 100 ml physiological solution @@.NaCl in 0.01 M phosphate buffer at pH
7.4. Then, 5 model samples were prepared by adddfoknown amount of glucose. Spiked
samples were in concentration of 2, 5, 7, 10 anthiBof glucose. The 1.0 mL of model sample
solution was transferred into a volumetric flaskl anade up to the final volume (10 mL) with
0.1 M NaOH. Results were calculated from the catibn curves with three repetitive
measurements and summarized in Table S2 (Supplargenaterial). A commercial glucometer
(Ascenia BRIO Blutzuckerkontrol System, Bayer Heedire) was used for the reference of

glucose determination in blood. The satisfactorynparable results, using our method and
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reference method, indicate that this biosensorbeasuccessfully applied for the determination

of glucose in human serum samples without matterfarences.

4. Conclusions

Spinel structured Z#e; O, nanoparticles have been prepared and tested foengot
applications in biosensors and magnetic hypertherrdinc content in Zire;xO4 strongly
influenced characteristics of material which arseesial for applications. Prepared xEg;.
xOs/carbon paste electrodes were used for the developof new reagentless glucose sensor.
The electrodes were tested toward glucose non-extrynaetection. It can be said that
synthesized Zfre; O, were exploited for the first time in connection kviamperometric
technique to elaborate the novel and advancedetdamical protocols for simple, low cost and
reagentless analytical determination of glucose. tBa other side, substituted zinc ferrite
nanoparticles have potential as heating agentsagnetic hyperthermia application. The Zn
content ofx = 0.56 (Zn sd-e.4404) were found as optimum for modification of carbeactrodes

application, while the highest SAR value was calted forx = 0.37(Zn 347 .6:0.).
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Figure captions:

Figure 1. (a) XRD patterns of 4fe;xO4 (X = 0, 0.10, 0.20, 0.37, 0.56, 0.66 and 0.85) okthin
by the Cuky source-equipped diffractometer; (b) lattice par@mas a function of the zinc

contentx. Inset of Figure 1b represents shift of the (3&tlection peak.

Figure 2. TEM micrography of ZRe;xO, nanoparticles and the particle size distribution

histograms wittx content of (a) O; (b) 0.10; (c) 0.20 and (d) 0.37.

Figure 3. Magnetic characterization of ;Es;,O4. (a) Room temperature hysteresis loops of
ZnFe3 O, nanoparticles with different Zn content. (b) Temgpere dependence of the zero-

field-cooled (ZFC) and the field-cooled (FC) magregion measured in a field of 100 Oe.

Figure 4. SAR values of samples with different Zmtent. SAR values of different samples
calculated by the slope method. The field amplitvdas 15.9 kA/m and two different

frequencies were applied: 252 and 577 kHz.

Figure 5. (a) Cyclic voltammograms in presence abdence of 0.01 M of glucose using
ZnFe; 04 (with x = 0, 0.10, 0.20, 0.37, 0.56, 0.66 and 0.85) medifglassy carbon paste
electrode in 0.1 M NaOH supporting electrolyte. Qyclic voltammograms in presence of 0.1 M
of glucose using Zyxde 440, modified glassy carbon paste electrode in 0.1 M Na&®

supporting electrolyte.

Figure 6. (a) Amperometric detection of glucosengsrZn sd=e 4404 modified glassy carbon

paste electrode. Inset figure represents correspgncalibration curve. (b) Amperometric
detection of glucose using gsfe 440, modified glassy carbon paste electrode in presehce
ascorbic acid and uric acid at concentration lef€.05 mM. Supporting electrolyte was 0.1 M
NaOH at working potential of 0.5 V.
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Highlights:

Preparation of ZnsFes«O, composite by co-precipitation method in combination with
hydrothermal treatment.

Effect of zinc content in ferrite structure was investigated and bifunctionality of the material
was shown.

Construction of non-enzymatic glucose biosensor based on substituted magnetite was done.
Promising sensitivity, satisfactory selectivity and simplicity of glucose detection were
achieved.

Prepared materials were tested as potential heating agents in magnetic hyperthermia



