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Abstract ZnO nanobundles were fabricated by Sol–Gel

route. The as-prepared ZnO nanobundles were character-

ized by XRD, FE-SEM, TEM and PL. ZnO nanobundles

structure are composed of many nanorods of about 80 nm in

diameter and 0.6 lm in length. It showed weaker UV

emission and stronger green emission. A glucose biosensor

was constructed using these ZnO nanobundles as supporting

materials for glucose oxidase (GOX) loading by chitosan-

assisted cross-linking technique. The biosensor exhibits a

high affinity, high sensitivity, and fast response for glucose

detection. These results demonstrate that zinc oxide nano-

structures have potential applications in biosensors.
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1 Introduction

The study of one-dimensional semiconductor nanostructures

has attracted much attention in recent years because of their

fundament scientific interest as well as potential applications

in nanoscale electronic and optoelectronic devices [1]. ZnO,

a wide-bandgap semiconductor (Eg = 3.37 eV at 300 k)

with a large exciton binding energy (60 meV), is a versatile

multifunctional material. The interest in the preparation of

one-dimensional (1D) ZnO nanostructures continued in the

past few years because of their potential uses as active

components in the fabrication of UV nanolasers [2], field

emission devices [3], dye-sensitized solar cells [4], photo-

detectors [5], and electroluminescent devices [6]. The syn-

thesis of one-dimensional (1D) nano ZnO semiconductor

materials ranging from needles [7], rods [8], belts [9], tubes

[10], and so on has attracted considerable research interest

because of their great potential for fundamental studies of the

roles of dimensionality and size in their physical properties

as well as for applications of building blocks and intercon-

nects in electronic and photonic devices [11].

On the other hand, ZnO is a biocompatible material with

a high isoelectric point (IEP) of about 9.5, which make it

suitable for absorption of proteins with low IEPs, as the

protein immobilization is primarily driven by electro-

static interaction [12]. Moreover, ZnO nanostructures have

unique advantages including the high specific surface area,

nontoxicity, chemical stability, electrochemical activity,

and high electron communication features. Hence, they are

promising for biosensor applications.

In this article, we fabricate ZnO nanobundles by

Sol–Gel route. The as-prepared ZnO nanobundles were

characterized by XRD, FE-SEM, TEM and PL. ZnO

nanobundles structure are composed of many packed

nanorods of about 80 nm in diameter and 0.6 lm in length.

It showed weaker UV emission and stronger green emis-

sion. A glucose biosensor was constructed using these ZnO

nanobundles as supporting materials for glucose oxidase

(GOX) loading by chitosan-assisted cross-linking tech-

nique. The biosensor exhibits a high affinity, high sensi-

tivity, and fast response for glucose detection. These results
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demonstrate that zinc oxide nanostructures have potential

applications in biosensors.

2 Experimental

All the chemicals used in this study were of analytical

grade and used without farther purification. Four chemicals

were needed and they were analytically pure Zinc acetate

(Zn (CH3COO)2�2H2O), citric acid (C6H8O7�H2O), pure

distilled water (H2O) and absolute ethanol (CH3CH2OH).

In a typical procedure, a solution of citric acid (0.128 M) in

ethanol was added to Zn (CH3COO) 2 solutions (3.2 M) in

distilled water. After the addition was finished, the solution

(PH value was equal to 6.1) was stirred at 355 K for 9 h to

get the precursor. The precursor was calcined in a muffle

furnace for 2 h at 683 K. Finally, the sample was obtained

after cooling down at room temperature in air.

The morphologies of products were investigated by

scanning electron microscopy (FE-SEM, HITACHI S-4800)

and transmission electron microscopy (TEM JEM-2010).

The X-ray diffraction (XRD) patterns were measured by

Rigaku D/max—rA with Cu ka radiation. Photolumines-

cence (PL) measurements were performed at room temper-

ature by using a He–Cd laser (325 nm) as the excitation

source.

For the fabrication of a glucose sensor, the glassy carbon

(GC) electrodes was polished by 0.3 and 0.05 lm alumi-

num slurries and then was cleaned by dipping into 1:1(V/V)

aqueous solution of HNO3, deionized water and ethanol

with the assistance of ultrasonication prior to the experi-

ment. The as-prepared ZnO nanobundles were dispersed, in

ethanol by ultrasonication for 1 h to 5 9 10-3 M suspen-

sion. Firstly, 5 lL of ZnO nanobundles suspension was

dropped onto the surface of GC electrode and dried at room

temperature. Secondly, 5 lL of GOx solution with con-

centration of 1934 U (biologic active unit)/mL prepared in

0.01 M phosphate buffer solution (PH 7.4) was droped

onto the surface of GC electrode modified by ZnO nano-

bundles. Finally, 5 lL of 0.5wt% CHIT (Chitosan) solution

dissolved in acetic acid solution was dropped onto the

surface of GOx/ZnO nanobundles/GC electrode to avoid

the leakage of the enzyme. The device was drived at 277 K

overnight in a refrigerator, followed by washing step to

remove the unimmobilized GOx. The CHIT/GOx/ZnO

nanobundles/GC electrode was stored in PBS and kept at

277 K in a refrigerator when not in use.

3 Results and discussion

The X-ray diffraction pattern of the as-grown ZnO nano-

bundles is shown in Fig. 1. The diffraction peaks can be

indexed as the wurtzite structure in the standard data

(JCPDS, 36-1451). (ZnO belongs to the hexagonal space

group, P63mc (186); unit-cell parameters, averaged among

the cited PDF cards: a = 3.249 Å, c = 5.206 Å). No other

diffraction peaks were found.

To investigate the morphologies of the synthesized ZnO

nanostructures, the morphology of the products was

observed by FE-SEM. The typical FE-SEM images were

shown in Fig. 2. It can be clearly seen that ZnO nano-

bundles are composed of many packed nanorods of about

80 nm in diameter and 0.6 lm in length. Parts of the

nanorods tend to parallel-arrange tightly and show an

obvious trend to attach to each other. The diameters of

most nanorods are almost same throughout their length and

all exhibited smooth and clean surfaces with a slight

reduction in diameter at their tips. Due to its anisotropic

nature, ZnO prefers to grow along the c axis.

To further obtain the structural information of the ZnO

products, typical TEM are recorded as shown in Fig. 3.

Figure 3 reveals the TEM image of the whole ZnO nano-

bundles shape. The result shows that ZnO nanorods have

diameter in the range of 80 nm and length of 0.6 lm,

which is similar to that shown in Fig. 2. It also shows that

Fig. 1 XRD patterns of as-grown ZnO nanobundles

Fig. 2 FE-SEM images of the ZnO nanobundles
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the ends of the nanorods have relatively smaller diameters

compared with that of the middle parts. It is noteworthy

that the ZnO nanobundles structures are sufficiently stable,

which cannot be destroyed even after ultrasonication for a

long time.

Photoluminescence (PL) spectrum of ZnO nanobundles

at room temperature was measured and shown in Fig. 4.

Both the UV emission and the green emission can be

observed clearly. The UV emission is due to the near band-

edge free exciton transition from the localized level below

the conduction band to the valance band, namely, the

recombination of free excitons through an exciton–exciton

collision process. The peak around 512 nm is due to the

green emission that is commonly referred to as deep-level

and trapstate emission. The deep-level emission is mainly

related to point defects, such as Zn interstitials and oxygen

vacancies. Oxygen vacancies occur in three different

charge states: the neutral oxygen vacancy ðV0
OÞ, the singly

ionized oxygen vacancy ðV�OÞ, and the doubly ionized

oxygen vacancy ðV��O Þ and only ðV�OÞ can act as the

so-called luminescence centers [13]. The green emission is

much stronger than the UV emission and the UV emission

shift a little to 382 nm because of the small size of the ZnO

nanostructures [14].

The enzyme electrode was characterized by cyclic vol-

tammetry between the potentials of -0.2 and 0.8 V, as

shown in Fig. 5. 136.87 U/cm2 GOX per unit area of the

ZnO-immobilize d GC electrode. In enzymatic glucose

sensors, GOD is typically used as the biological enzyme to

form the electrochemical transducer. In the presence of

oxygen, GOD can catalyze the electro-oxidation of glu-

cose. The following equations show the path and indicate

the reaction mechanism for the determination of glucose:

Fig. 3 TEM image of as-grown ZnO nanobundles

Fig. 4 PL spectrum of ZnO nanobundles at room temperature

Fig. 5 a Cyclic voltammograms of the CHIT/GOx/ZnO nanobundles/

GC electrode. b Cyclic voltammograms of the CHIT/GOx//GC

electrode
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glucose + O2�!
GOD

gluconic acid + H2O2

As is shown in Fig. 5a, a pair of redox peaks with formal

potential at -0.084 and 0.574 versus reference electrode

can be obtained with CHIT/GOx/ZnO nanobundles

modified electrode which can be assigned to reversible

redox reaction of potassium ferricyanide. Curve in stirred

0.01 M (pH 7.4) phosphate buffer solution in the presence

of 1 mM potassium ferricyanide. In contrast, only a small

pair of redox peaks can be observed at the CHIT/GOx

modified electrode. The nice electrochemical response can

be obtained with the help of ZnO nanobundles, and the

enzyme can exhibit fine electrocatalytic activity.

Figure 6a is a typical amperometric response of the

glucose biosensor for successive of 0.05 M glucose in

0.01 M PBS buffer (pH 7.4) at an applied potential of

0.8 V under stirring. It can be seen from the plot that

the biosensor shows a rapid and sensitive response to the

change of glucose concentrations, indicating a good elec-

trocatalytic property of CHIT/GOx/ZnO nanobundles/GC

electrode. The corresponding calibration curve (Solid

Square) of the glucose biosensor is shown in Fig. 6b. The

linear range of the calibration curve is from 0.01 to

0.25 mM (correction coefficient R = 0.9948) and a limit of

detection (LOD) of 0.01 mM.

4 Conclusions

ZnO nanobundles were fabricated by Sol–Gel route. The

as-prepared ZnO nanobundles structure is composed of

many packed nanorods of about 80 nm in diameter and

0.6 lm in length. The as-prepared ZnO nanobundles

showed weaker UV emission and stronger green emission.

We have demonstrated a glucose biosensor based on our

grown ZnO nanobundles. The results showed that the ZnO

nanobundles formed an attractive matrix for GOx immo-

bilization, which exhibits a high affinity, high sensitivity,

and fast response for glucose detection.

Acknowledgments This work was partly supported from ‘‘973’’

National Key Basic Research Program of China (Grant No. 2006CB

604906). Postdoctoral fund of Zhe Jiang province (2009-bsh-003).

References

1. Xia Y, Yang P, Sun Y, Wu Y, Mayers B, Gates B, Yin Y, Kim F,

Yan H (2003) Adv Mater 15:353

2. Huang MH, Mao S, Feick H (2001) Science 292:1897

3. Wang WZ, Zeng BQ, Yang J, Poudel B, Huang JY, Naughton

MJ, Ren ZF (2006) Adv Mater 18:3275

4. Law M, Greene LE, Johnson JC, Saykally R, Yang P (2005) Nat

Mater 4:455

5. Law JBK, Thong JTL (2006) Appl Phys Lett 88:133114

6. Park WI, Yi GC (2004) Adv Mater 16:87

7. Ledwith D, Pillai SC, Watson GW, Kelly JM (2004) Chem

Commun 2294

8. Yang Z, Liu QH, Yang L (2007) Mater Res Bull 42:221

9. Pan ZW, Dai ZR, Wang ZL (2001) Science 291:1947

10. Vayssieres L, Keis K, Hagfeldt A, Lindquist SE (2001) Chem

Mater 13:4395–4398

11. Dai Y, Zhang Y, Wang ZL (2003) Solid State Commun 126:629–

632

12. Liu ZM, Liu YL, Yang HF, Yang Y, Shen GL, Yu RQ (2005)

Electroanalysis 17:1065

13. Kang HS, Kang JS, Kim JW, Lee SY (2004) J Appl Phys 95:1246

14. Wang XD, Ding Y, Summers CJ, Wang ZL (2004) J Phys Chem

B 108:8773–8777

Fig. 6 a Amperometric responses of CHIT/GOx/ZnO nanobundles/

GC electrodes with the successive addition of 50 mM glucose to the

0.01 M, pH 7.4 PBS buffer under stirring. b Linear calibration curve

of ZnO nanobundles/GOx biosensor (0.01–0.25 mM)

J Sol-Gel Sci Technol (2010) 54:282–285 285

123


	Synthesis of ZnO nanobundles via Sol--Gel route and application to glucose biosensor
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


