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Nanomateriallarin iistiin xassalorindan istifads etmaklo yeni elektrokimyavi sensorlarin
hazirlanmasi tadgiqat sahalorinds miihiim digqat calb edir. Kicikélcii, silindrik forma, sath-
hacm nisbati, yiiksak keciricilik vo yaxsi bio-uygunluq sababindan karbon nanoborular (KNB)
elektrokimyavi biosensorlarin hazirlanmast iigiin genis sakildo &yranilmis va istifado edil-
misdir. Tagdim olunan qisa icmal maqalo oksid nanohissaciklori ilo modifikasiya olunmus kar-
bon nanoboru asasl elektrokimyavi biosensorlarin hazirlanmasi va xassalori haqqindadir.

Acar sozlar: karbon nanoborulari, biosensor, metal oksid nanohissaciklori

1.Giris

Qliikoza biosensorlar1 (GBFC), qliikoza manbalorinin (masalon, nisasta,
selliiloza [1]) coxlugu vo glitkkozanin tam oksidlosmasindon sonra omalo golon
cox vyiiksok enerji (—2.87x10° kJ mol™") sobabinden perspektivli yeni nasil
enerji saxlama sistemlori [2-6] kimi ¢ox diqqgat calb etmisdir. Bununla yanast,
GBFC-lorin aktivliyi glilkoza oksidlogsma reaksiyasi (QOR) {i¢iin miihiim hesab
olunan katalizatorlardan ¢ox asilidir [2]. Umumiyyatlo, GBFC-lards iki ndv ka-
talizator istifado olunur: bioloji vo geyri-bioloji [7]. Bioloji katalizatorlar qlii-
koza molekullarmin anod oksidlosmasi tigiin xiisusi fermentlordir. Lakin zaif
stabillik [8], zoif immobilizasiya tisullar1 [7], i1s mihitino hassasliq vo uzun-
miiddatli isloma hassasligi sababindon fermentlorin GBFC-lara totbiqi mohdud-
lagdirilir [9]. Bu problemlor fermentativ GBFC-larin inkisafi iigiin aradan gal-
dirtlmalidir [1]. Qeyri-bioloji katalizatorlara misal olaraq qliikozanin oksidlog-
moasi liglin miistosna katalitik xiisusiyyatlora malik qiymatli metallar1 (Pd [10]
va Au [8,11,12]) vo metal oksidlarini (Co3O4 [13] vo CuO [14]) gdstormok olar
[15]. Son zamanlar kobalt oksid (Co3O4) ucuz, yaxsi elektrokimyovi vo ka-
talitik xiisusiyyatlorine gora geyri-bioloji katalizator kimi diqqget ¢okir [16-19].
Verilmis bir isdo, GBFC-lords gliikoza oksidlogmasi tiglin miikommal katalitik
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xuisusiyyatlora malik olan Co3O;4 i¢i bos nanodekahedralari tosvir edilmis [13],
qlikkoza fermentlori li¢iin uygun bir alternativ olaraq Co3Q; istifads edilmasinin
miimkiinliiyti gostorilmisdir. Lakin Co30s4-lin elektrik keciriciliyi zoifdir vo
imumiyyatlo, Co3O4-un katalitik aktivliyini arasdirarkon kegirici karbon asash
maddolor istifado olunur. Katalitik aktivliyi artirmaq tiglin metal/metal oksid vo
karbon kompozitlorinin sintezi todqiqat¢ilarin genis maragina sobab olmusdur.
Karbon asasli nanomateriallar arasinda yiiksok elektrik keciriciliyi, genis soth
sahosi, yiiksok mexaniki dayaniqliliq vo struktur elastikliyine malik olan kar-
bon nanoborulart (KNB) kompozit katalizatorlar li¢iin perspektivli altliglardir
[20-22]. Har bir komponentin inkisaf etmis xiisusiyyatlorini 6ziinds birlogdiron
metal oksid/KNB nanokompozitlori kataliz, sensor vo enerji yigimi kimi
saholordo genis totbiq tapmisdir. Cox divarli KNB-larda bas veran reaksiyalar
onlarin daxili grafit divarlarint mohv eds bilmir vo belslikls, yaxs1 keciriciliya
malik olmasini tomin edir [23].

2.C0304/KNB asash biosensorlar. K. Jiao vo omokdaslar1 tok morhalali
hidrotermiki metodla Co3O4/ ¢oxlayli karbon nanoborular (Co3;04/CKNB) asa-
sinda ti¢Olctlilii nanoquruluslar sintez etmislor vo bu nanokompozit golovi mii-
hitdo qliikozanin oksidlogsmosi ii¢lin yiiksok elektrokatalitik aktivlik niimayis
etdirmisdir. Bu nanokompozitin elektrokatalitik mexanizmi rentgen fotoelek-
tron spektroskopiya va tsiklik voltammetriya ilo todqiq edilmisdir. Tsiklik volt-
ammetriya 6lgmolori 0.1 M KOH elektrolitindo 0—0.7 V intervalinda hoyata ke-
cirilmisdir vo is¢i elektrod kimi modifikasiya olunmus siiso karbon elektrod
istifado olunmusdur. Rentgen difraksiya vo Skanedici elektron mikroskopiya
naticaloring osason nanokompozitds Co3;O4 hissociklorinin dlgiilori (3—6 nm)
tomiz Co30;4 hissaciklorine (8.5-10 nm) nozoran kigikdir vo bu, nanoboru isti-
rakinda Co304-lin nukleasiya slirotinin yiiksok olmasi1 ilo olaqodardir.
Co304/CKNB kompozitinin coroyan sixligi tomiz Co304-0 nozoron yiiksokdir
va bu 2 sobablo izah olunmusdur: 1) Co;04/CKNB kompoziti tomiz Co304-9
nazoran daha yaxsi kegiriciliya malikdir; 2) Nanokompozitdo Co3O4 hissacik-
lorinin ki¢ikolgiilii olmasi elektrolitlo daha yiliksok kontakt sahoyo sabab olur.
Nanokompozitlo modifikasiya olunmus elektrod 5.8 mM-dok gliikkozaya cavab
verir vo bu, qan nlimunslorindo (3-8 mM) gliikozanin toyini tigiin istifado
oluna bilor. Qeydetmo limiti 2 pM-dir [24]. I. Liagat vo omokdaslar1 torofindon
Co0304 nanokublar hidrotermiki tisulla tok layli karbon nanoborularin (TKNB)
sp® qofas karbonlara daxil edilmis ve damecr @isulu ils siiso karbon elektrodun
sothing olavo olunmusdur. Bu nanokompozit osasinda hazirlanmis biosensor 1-
don 5 mM-dok 96.92 pnA mM ' sm™' hossasliq niimayis etdirorok yiiksok
elektrokatalitik aktivliyo malik olmusdur vo geydetmo limiti 0.25 pM-dir.
Bundan slave bu biosensor dopamin, askorbin tursusu, NaCl, sidik covhori vo
sidik tursusu ilo miiqayisodo qliikkoza iiclin daha yiiksok secicilik (7-14 dofo)
gostormisdir [25]. X. Lin vo omokdaslar1 solvotermiki metodla Co3;04-CKNB
nanokompozitini sintez etmislor vo is¢i elektrod kimi bu nanokompozitlo mo-
difikasiya olunmus siiso karbon elektroddan (SKE) istifade etmakls glitkozanin
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elektrokatalitik aktivliyini todqiq etmislor. Isigburaxan elektron mikroskopiya
naticalorino osason orta diametri toqribon 15 nm olan kubabonzar Co3;04 nano-
hissaciklori CKNB otrafinda borabor paylanmisdir. Sensor gliikkozanin geyd
edilmosi tgiin yiliksok hossasliga malik olmusdur. Bunun sabobi Co304-
CKNB/SKE-un genis soth sahasino malik olmasi, ¢ox sayda elektroaktiv mad-
doni effektiv sokildo dostoklomasi vo bununla da proton vo elektron Otiiriil-
moasini ohomiyyatli doracads artirmasidir. Bundan slave bu natico Co304 vo
CKNB-nin sinergetik katalitik tosirlori ilo olagoli ola bilor [26]. S. Wang vo
omakdaslar1 torafindon karbon nanoborulari {izerinds in situ dekorasiya olun-
mus 3D ierarxik i¢ibos, mosamali Co3;04 nanododekahedralar asasli geyri-fer-
mentativ katalizator karbon nanoborular iizorinds in situ yetisdirilmis metal-
lizvi ¢ar¢ivo 67-nin suzuzlasdirilmasi ilo miivoffoqiyystlo sintez olunmusdur.
Bu nanokompozit glitkozanin sensoru kimi yiiksok hossasliq (22.21 mA mM '
sm ?), asagl geydetmo limiti (0.35 puM) va yiiksok davamliliq niimayis etdir-
misdir [27].

3.Fe;04/KNB asash biosensorlar. M.Kundu vo homkarlar1 qidada tez-
tez rast golinon formadehidi toyin etmok {iciin Fe;O4/KNB osasli elektro-
kimyovi biosensor hazirlamiglar. Yaxsi disperslosmis Fe;O4 nanohissaciklori
kimyoavi ¢okdiirmo metodu ilo sintez olunmus vo kristallik 6l¢ii 14 nm-o bo-
rabor olmugdur. Bu nanokompozit asasinda hazirlanmis biosensor formaldehid
dehidrogenaza fermentindan istifads edilorak 0.05-0.5 mg/L xatti geydetms in-
tervalinda formaldehidin qeyd edilmosi {igiin yiiksok hossasliq (527 pA mg/L™
sm™), asag1 qeydetmo limiti (0.05 mg/L) niimayis etdirmisdir [28]. W. Zhang
Fe;04/KNB nanokompozitini DNA hibridlogmosi {i¢iin elektrokimyavi bio-
sensor kimi totbiq etmisdir. Biosensorun stabilliyini todqiq etmok tigiin bu na-
nokompozitlo modifikasiya olunmus karbon pasta elektrod fosfat bufer moh-
lulunda (pH=7.0) 25°C temperaturda 24 saat miiddstindo saxlanilmigdir. Sonra
bu elektrod 1.0 mmol L' [Fe(CN)e]*"*-do test edilmis vo alinmus elektrokim-
yovi impedans spektroskopik (EIS) signal digor elektrodla miigayisoda, demok
olar ki, doyismoz qalmisdir. Bu elektrod 4°C-ds 7 giin saxlandiqdan sonra im-
pedans signalda 4.63% azalma miisahido edilmasi onun yaxsi stabilliyo malik
oldugunu gostorir [29]. S.Masoomi-Godarzi vo amokdaglar1 Fe;O4 nanohis-
saciklori ilo dekorasiya olunmus CKNB ilo modifikasiya olunmus siiso karbon
elektroddan istifado edorok geyri-fermentativ elektrokimyovi gliikkoza biosen-
soru hazirlamiglar. Modifikasiya olunmus elektrodun qliikkozanin oksidlogmasi
liciin elektrokatalitik aktivliyi pH=7.0-da 0.05M fosfat bufer mohlulunda tsiklik
voltammetriya vo amperometriya ilo qiymetlondirilmisdir. Elektrod sothi ilo
qlilkoza arasindaki birbasa elektron 6tiirmo omsali 0,35-dir. Hazirlanmis elek-
trod 0.5-7.0 mM intervalda yiiksok hossasliq (238.7 pA mM ' sm %) vo asag1
geydetmo limiti (15.0 pM) niimayis etdirmisdir [30]. S. Ramaprabhu vo omok-
daslar1 maqgnetik niivo-ortiik quruluslu Fe;O4-Si0O, nanohissaciklori ilo dekora-
siya olunmus CKNB nanokompozitindon istifado edorok amperometrik qlii-
koza biosensoru hazirlamiglar. Fe;O4 nanohissociklori biouygun SiO; ilo sads
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kimyovi reduksiya metodundan istifads edilorok bircins Ortiilmiisdiir. Ampe-
rometrik biosensor nafionda hall olunmus Fe;O04@SiO,/CKNB ilo modifika-
siya olunmus siiso karbon elektrodun sathina qliikkoza oksidazanin (QOD) ¢6k-
diirtilmasi ilo hazirlanmisdir. Nafionda hall olunmus CKNB-don formalasan to-
bogalor daha bircins vo stabildir. Sokil 1 elektrodun hazirlanmasinin sxematik
tosvirini gdstorir. Biosensorun yiiksok hossasliq (58.9 pA/mM sm®) vo ola
geydetms limitine (800nM) malik olmasi qida sonayesinds potensial tatbigini
miimkiin edir [31].
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Sak. 1. QOD/Fe;0,@Si0,/CKNB/SK elektrodun hazirlanmasinin sxematik tosviri [31].

4.ZnO/KNB asash biosensorlar. M.Tak vo omokdaslar1 ZnO vo CKNB-
don ibarat hibrid nanokompoziti indium qalay oksidlo (IQO) ortiilmiis siiso
iizorindo kimyovi tisulla ¢okdiirmoklo karbamid biosensoru kimi totbiq et-
mislor. Ureaza karbamidin qeyd edilmaesi ii¢lin xiisusi bir ferment olaraq isti-
fada edilmis vo hibrid nanokompozit matris osasli (ZnO-CKNB/IQO) elektro-
dun sathi tizerine fiziki olaraq immobilizasiya edilmigdir. Nanokompozit asasl
bioelektrod tokco ZnO-dan ibarot bioelektrodla miiqayisade daha yaxsi sen-
sorluq xiisusiyyotlora malik olmusdur. Bu bioelektrod ¢ox yiiksok hassasliq
(43.02 pA mM™ sm™) niimayis etdirorok 4 aydan sonra aktivliyinin 92%-ni
saxlamisdir [32]. Digor bir todqiqat isinds 1so [33] onlar homin nanokompozit
osaslt elektrokimyovi DNA biosensoru meningit xostoliyinin askarlanmasi
ticlin istifado etmislor. P.N.Manikandan vo omokdaslari torafindon ZnO, CKNB
(funksionallagsmis: f CKNB vo tomizlonmis: t CKNB) vo polivinilxloriddon
(PVX) ibarat {iglii kompozitlo modifikasiya olunmus siiso karbon elektrod
qlilkkoza sensoru kimi istifado olunmusdur. Bu iki kompozit i¢orisindo PVX-
ZnO-t CKNB pH=7.4 qiymatindo qliikoza iigiin yiiksok aktivlik gostormisdir
[34]. P.Supraja va kolleqalart ZnO nanoliflor daxil edilmis CKNB asasli bio-
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sensoru atrazinin elektrokimyoavi qeyd edilmosi ti¢lin istifads etmislor. Atrazin
(1-xlor-3-etilamin-5-izopropilamin-s-triazin, ATZ) mohsullarda yiiksok somo-
roliliyina gors triazin ailasinin on ¢ox istifade olunan pestisididir. CKNB-ZnO
nanoliflorinin yiiksok kegiricilik vo soth sahasing, qadagan olunmus zonanin
asag1 qiymoto malik olmasi sobobindon 10 zZM ' uM genis qeydetmo intervalin-
da sensor 21.61 (KQug ' mL™") sm™* hossasliga vo 5.368 zM qeydetmo limitino
malik olmusdur [35]. V.Vinoth vo is¢i qrupu kimyoavi ¢okdiirms iisulu ilo sin-
tez olunmus ZnO kvant noqtolor ilo CKNB-nin kompozitini geyri-fermentativ
gliikoza sensoru kimi istifado etmislor. Isigburaxan elektron mikroskop nati-
coloring asason sferiko-bonzor ZnO kvant ndqtalorin diametri toqribon 3-8 nm
intervalindadir (sokil 2). CKNB/ZnO nanokompozitinin elektrokimyovi xasso-
lori tomiz ZnO vo CKNB ilo miigayisodo ohomiyystli dorocods artmisdir.
Noticalor gostormisdir ki, bu nanokompozit osasinda hazirlanmis biosensor
9.36 uA uM™ hossashga malikdir. Qeydetmo limiti 0.208 pM miioyyon edilmis
vo cavab miiddati 3 san-don az olmusdur [36].

: -"1-"1-::“- . ‘@ Al 1’;.“."

Saok. 2. (A & B) CKNB/nO naokompzitinin TEM tssirle;ri [36].

5.Natica. Togdim olunan qisa icmal moqalo oksid nanohissaciklori ilo
modifikasiya olunmus karbon nanoboru asaslt elektrokimyovi biosensorlarin
hazirlanmas1 vo xassalori haqqindadir. Elektrokimyavi biosensorlarda KNB-lor
iki mogsadls istifads oluna bilor: biomolekullar iiglin immobilizasiya dastoyi
rolunu oynayir vo elektrokimyavi transduksiya ligiin lazimi elektrik kecirici-
liyini tomin edir. Hodof molekulun tipindon asili olaraq sensor cihazin dizayni
ticiin forqli strategiyalar totbiq oluna bilor. Miixtalif forma vo quruluslu kecid
metal oksid nanohissaciklori miixtalif tisullardan istifade edilorak sintez edil-
migdir. Bu metal oksid nanohissociklori 6l¢ii, forma, stabillik vo daha bdyiik
soth sahosino gore yaxsi elektrik vo fotokatalitik xiisusiyyotlors malikdir. Mo-
qalads, homginin sensorlarin dayaniqliligi, hossasligi, geydetmo limiti vo se-
ciciliyl miizakirs olunmusdur.

62



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

ODOBIYYAT
Spets JP., Lampinen M.J., Kiros Y., Rantanen J., Anttila T. Direct glucose fuel cell with
the anion exchange membrane in the near-neutral-state electrolyte. (2012), Int. J. Electro-
chem. Sci., 7, 11696.
Chen Y., Prasad K.P., Wang X., Pang H., Yan R., Than A., Chan-Park M.B., Chen P. En-
zymeless multi-sugar fuel cells with high power output based on 3D graphene—Co;0,4 hy-
brid electrodes. (2013), Phys. Chem. Chem. Phys., 15, 9170-9176.
Mochlenbrock M.J., Minteer S.D. Extended lifetime biofuel cells. (2008) Chem. Soc. Rev.,
37, 1188-1196.
Cooney M.J., Svoboda V., Lau C., Martin G., Minteer S.D. Enzyme catalysed biofuel
cells. (2008), Energy Environ. Sci. 1, 320-337.
Liu Y., Higgins D.C., Wu J., Fowler M., Chen Z. Cubic spinel cobalt oxide/multi-walled
carbon nanotube composites as an efficient bifunctionalelectrocatalyst for oxygen reaction.
(2013), Electrochem. Commun., 34, 125-129.
Elouarzaki K., Le Goff A., Holzinger M., Thery J., Cosnier S. Electrocatalytic oxidation of
glucose by rhodium porphyrin-functionalized MWCNT electrodes: application to a fully
molecular catalyst-based glucose/O, fuel cell. (2012), J. Am. Chem. Soc.134, 14 078-14
085.
Zhao Y., Fan L., Gao D., Ren J., Hong B. High-power non-enzymatic glucose biofuel cells
based on three-dimensional platinum nanoclusters immobilized on multiwalled carbon
nanotubes. (2014), Electrochim. Acta, 145, 159-169.
Chu M., Zhang Y., Yang L., Tan Y., Deng W., Ma M., Su X., Xie Q., Yao S. A compart-
ment-less nonenzymatic glucose—air fuel cell with nitrogen-doped mesoporous carbons
and Au nanowires as catalysts. (2013) Energy Environ. Sci. 6, 3600-3604.
Ci S., Wen Z., Mao S., Hou Y., Cui S., He Z., Chen J. One-pot synthesis of high-
performance Co/graphene electrocatalysts for glucose fuel cells free of enzymes and pre-
cious metals. (2015) Chem. Commun., 51, 9354-9357.
Slaughter G., Kulkarni T. Fabrication of palladium nanowire array electrode for biofuel
cell application. (2016), Microelectron. Eng.149, 92-96.
Yang L., Zhang Y., Chu M., Deng W., Tan Y., Ma M., Su X., Xie Q., Yao S. Facile fabri-
cation of network film electrodes with ultrathin Au nanowires for nonenzymatic glucose
sensing and glucose/O, fuel cell. (2014), Biosens. Bioelectron.52, 105-110.
Lin Y., Ren J., Qu X. Nano-gold as artificial enzymes: hidden talents. (2014) Adv. Ma-
ter.26, 4200-4217.
Zhang E., Xie Y., Ci S., Jia J., Wen Z. Porous Co;0,4 hollow nanododecahedra for nonen-
zymatic glucose biosensor and biofuel cell. (2016), Biosens. Bioelectron. 81, 46-53.
Liu X.W,, Pan P., Zhang Z.M., Guo F., Yang Z.C., Wei J., Wei Z. Ordered self-assembly
of screen-printed flower-like CuO and CuO/MWCNTs modified graphite electrodes and
applications in non-enzymatic glucose sensor. (2016), J. Electroanal. Chem., 763, 37-44.
Gu J.,, Zhang Y.W., Tao F. Shape control of bimetallic nanocatalysts through well-
designed colloidal chemistry approaches. (2012), Chem. Soc. Rev. 41, 8050-8065.
Liang Y., Li Y., Wang H., Zhou J., Wang J., Regier T., Dai H. Co;0,4 nanocrystals on gra-
phene as a synergistic catalyst for oxygen reduction reaction. (2011), Nat. Mater.10, 780—
786.
Xie X., Li Y., Liu Z.Q., Haruta M., Shen W. Low-temperature oxidation of CO catalysed
by Co;0, nanorods. (2009), Nature, 458, 746-749.
Xie X., Shen W. Morphology control of cobalt oxide nanocrystals for promoting their
catalytic performance. (2010), Nanoscale, 1, 50-60.
LuH., Huang Y., Yan J., Fan W., Liu T. Nitrogen-doped graphene/carbon nanotube/Co;04
hybrids: one-step synthesis and superior electrocatalytic activity for the oxygen reduction
reaction. (2015), Rsc Adv., 5, 94615-94 622.

63



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Guo S., Dong S. Graphene nanosheet: synthesis, molecular engineering, thin film, hybrids,
and energy and analytical applications. (2011), Chem. Soc. Rev. 40, 2644.

Sgobba V., Guldi D.M. Carbon nanotubes—electronic/electrochemical properties and ap-
plication for nanoelectronics and photonics. (2009), Chem. Soc. Rev., 38, 165-184.

Eder D. Carbon nanotube—inorganic hybrids. (2010), Chem. Rev., 110, 1348-1385.

Liang Y. Oxygen reduction electrocatalyst based on strongly coupled cobalt oxide
nanocrystals and carbon nanotubes. (2012), J. Am. Chem. Soc.134, 15 84915 857.

Jiao K, Jiang Y, Kang Z, Peng R, Jiao S, Hu Z. Three-dimensional Co;04@MWNTs
nanocomposite with enhanced electrochemical performance for nonenzymatic glucose
biosensors and biofuel cells. (2017), R. Soc. open sci., 4: 170991.

Liaqgat I., Igbal N., Aslam M., Nasir M., Hayat A., Han D.X., Niu L., Nawaz M. H. Co;0,
nanocubes decorated single walled carbon nanotubes for efcient electrochemical non en-
zymatic glucose sensing. (2020), SN Applied Sciences 2:1756.

Lin X., Wang Y., Zou M., Lan T., Ni Y. Electrochemical non-enzymatic glucose sensors
based on nano-composite of Co3;04 and multiwalled carbon nanotube. (2019), Chinese
Chemical Letters, 30 1157-1160.

Wang S., Zhang X., Huang J., Chen J.. High-performance non-enzymatic catalysts based
on 3D hierarchical hollow porous Co;04 nanododecahedras in situ decorated on carbon
nanotubes for glucose detection and biofuel cell application. (2018), Analytical and Bio-
analytical Chemistry, 410(7): 2019-2029.

Kundu M., Bhardwaj H., Pandey M. K., Krishnan P., Kotnala R. K., Sumana G. Devel-
opment of electrochemical biosensor based on CNT—fe304 nanocomposite to determine
formaldehyde adulteration in orange juice. (2019), J. Food Sci Technol. 56(4):1829-1840.
Zhang W. Application of Fe;O4 nanoparticles functionalized carbon nanotubes for electro-
chemical sensing of DNA hybridization. (2016), Journal of Applied Electrochemistry,
46,559-566

Masoomi-Godarzi S., Khodadadi A. A., Vesali-Naseh M., Mortazavi Y. Highly Stable and

Selective Non-Enzymatic Glucose Biosensor Using Carbon Nanotubes Decorated by
Fe;0,4 Nanoparticles. (2014), Journal of The Electrochemical Society, 161 (1) B19-B25
Baby T. T., Ramaprabhu S. SiO, coated Fe;O4 magnetic nanoparticles dispersed multi-
walled carbon nanotubes based amperometric glucose biosensor. (2010), Talanta, 80
2016-2022.

Tak M., Gupta V., Tomar M. Zinc oxide—multiwalled carbon nanotubes hybrid nanocom-
posite based urea biosensor. (2013), J. Mater. Chem. B, 1, 6392 —6401.

Tak M., Gupta V., Tomar M. ZnO-CNT nanocomposite based electrochemical DNA bio-

sensor for Meningitis detection. RSC Adv., (2016), 6, 76214-76222.

Manikandan P. N., Imran H., Dharuman V. Direct glucose sensing and biocompatible
properties of zinc oxide- multiwalled carbon nanotube-poly(vinyl chloride) ternary com-
posite. (2016), Anal. Methods 8, 2691-2697.

Supraja P., Singh V., Krishna S. R., Singh S. G. Electrospun CNT embedded ZnO nanofi-
ber based biosensor for electrochemical detection of Atrazine: a step closure to single
molecule detection. (2020), Microsystems & Nanoengineering, 6, 3.

Vinoth V., Subramaniyam G., Anandan S., Vald’es H., Manidurai P. Non-enzymatic glu-
cose sensor and photocurrent performance of zinc oxide quantum dots supported multi-
walled carbon nanotubes. (2021), Materials Science and Engineering B, 265 115036.

64



SJEKTPOXUMHNYECKHUE BUOCEHCOPBI HA OCHOBE YIVIEPOAHBIX
HAHOTPYBOK, MOJU®UILIUPOBAHHBIX OKCUJIHBIMHU HAHOYACTUIIAMUA

CAx.MAMEJIABAPOBA, C.I'HYPUEBA, AM.PAXUMJIN
PE3IOME

Pa3paboTka HOBBIX JJIEKTPOXUMUYECKHX CEHCOPOB, HCTIOIB3YIOMIMX MPEBOCXOIHBIE
CBOWCTBA HAHOMATEPHAJIOB, MIPHUBICKACT 3HAUYNTEIFHOE BHUMAHHE B MCCIIETOBATEIBCKUX 00-
nmacTsax. M3-3a cBoero HeOONBIIOrO pa3Mmepa, IITHHIPHIECKONH (HOPMBI, OTHOIIEHHUS HMOBEPX-
HOCTH K 00BEMY, BBICOKOW MPOBOJMMOCTH M XOpOIIeH OHOCOBMECTHMOCTH, YTJICpOIHBIC Ha-
HOTpYOKH (YHT) mmpoko M3ydaluch M HCIOIB30BAIUCH IUTS MMPOU3BOJCTBA JICKTPOXUMHU-
YeCKHX OMOCEHCOPOB. DTa HEOOIBINAs CTAThs TOCBSAIICHA pa3pabOTKe U CBOHCTBAM DIICKTPO-
XUMHYECKHX OMOCCHCOPOB HA OCHOBE YTJIICPOIHBIX HAHOTPYOOK, MOTU(PHUIIUMPOBAHHBIX OKCHJI-
HBIMU HAHOYACTHIIAMH.

KuroueBble cjioBa: yriaepogHas HAHOTPYOKa, OMOCEHCOp, OKCHIHAS HaHOYACTHIIA

ELECTROCHEMICAL BIOSENSORS BASED ON CARBON NANOTUBES
MODIFIED WITH OXIDE NANOPARTICLES

S.JJMAMMADYAROVA, S.G.NURIYEVA, AM.RAHIMLI
SUMMARY
The development of new electrochemical sensors using the superior properties of
nanomaterials is attracting significant attention in research areas. Due to their small size,
cylindrical shape, surface-to-volume ratio, high conductivity, and good biocompatibility,
carbon nanotubes (CNT) have been widely studied and used in order to make electrochemical
biosensors. The presented brief review article is about the development and properties of

electrochemical biosensors based on carbon nanotubes modified with oxide nanoparticles.

Keywords: carbon nanotube, biosensor, oxide nanoparticle
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