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Abstract 

Synthesis, Characterizations of Molybdenum disulfide& Zinc oxide for Photo catalysis 

& bio sensing application is reported in this work. The material was synthesized using 

two step hydrothermal route from Sodium Molybdate, Sulfur, Hydrazine, Ammonia & 

Zinc Nitrate hexa-hydrate. In first step molybdenum disulfide is synthesized. The 

reaction temperature was 150oC. The time of reaction was 34 hrs. The resultant was then 

washed & dried to obtain MoS2 in form of shimmery black powder, In second step 

MoS2.ZnO is synthesized the reaction temperature was 80oC. The time of reaction was 6 

hrs. 

X-Ray studies confirmed the formation of crystalline MoS2.ZnO. The SEM of sample 

confirms the flower-like morphology of the sample. The TEM image reveals that sample 

is consist in of spherical particles, Nano flowers and rod like structures. The EDX results 

are also in good agreement with the stoichiometric values of the chemicals used. Finally 

study regarding the Bio sensing and photo catalytic applications has been conducted to 

check out the sensitivity and catalytic activity of molybdenum disulfide/Zinc Oxide 

Nano composite. For this purpose experiments for non-enzymatic detection of glucose 

has been performed through 3-electrode based system. First, CV curves for the different 

concentration of glucose in pH 7.0 PB solution are recorded and analyzed without using 

any enzyme. Results have shown a good relation between peak current and concentration 

of glucose in range of 50 µm and 5000 µm. So, effective sensitivity, large surface area 

and high electrical conductivity made Nanostructure of MoS2/ZnO a promising material 

for bio sensing. in second phase MoS2/ZnO electrode has been tested for degradation of 

organic dyes like MB, RHB , Sandoz Yellow etc. due to good optical properties of ZnO 

and band gap tuning using MoS2 the large range of light is harvested which increase the 

degradation rate of organic dyes as shown in degradation graphs.   
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Chapter 1 

Introduction 

NanotechnologycdealscwithcthecstudycofcNanostructures and Nanomaterials and their 

physical properties whichcusescthecdesigncfabricationctechnologyc[1, 21]. It describes 

the association betweencthecphysicalcpropertiescandcmaterialcdimensionscin Nano 

scale.  According tocthecUnitedcStatescdefinition, Nanoscale is the unit which measures 

the materials andcsystemscstructurescandccomponentscwhich play role in their unique 

and notably better physical, chemical, and biological properties, phenomena and 

processes defined as nanotechnology [3].cGenerally,cincmicrometercscale, materials 

show the same physical properties as that of bulk but in Nano scale materials show 

different physically properties than that of bulk.  Nanomaterial displays extraordinary 

properties for example, low melting pointcandcreducedclatticecconstantchascbeen 

reported  in the Nanometer crystals [4]. Surfacecatomscorcionschaschugecimpactcin the 

total numbers of atoms or ions while the surface energy count for thermal stability.  

Nanoscale range also plays important role in Crystal structures stability at different 

temperature ranges. Therefore,cFerroelectriccandcferromagneticcmaterialcmight miss 

out their electricity and magnetism when they are in Nanometer range.  When the 

characteristics feature of bulk semiconductor is lie in Nanometer range, they become 

insulator [4].  The bulk gold does not show any catalytic properties whilecthecAucNano-

crystalcexhibits remarkable low temperature catalyst effect.  Several dimensions are used 

to classify Nanomaterial’s, which are not restrict to the Nano scale (<100 nm) are Zero-

dimensional (0-D) one-dimensionali(1-D)itwo-dimensionali(2-D)iandithree-dimensional 

(3-D). Thoseimaterialsiwhichiexhibitiallitheidimensionsiinithe Nano scale (no 

dimensions, or 0-D) are called zero Nanoparticles quantum dots.  Nanowires are the 

most common representation of zero-dimensional Nanomaterial’s. One-dimension 

material includes Nanotubes, Nano rods and 16 dimensional material. 2-D materials 
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exhibit two dimensions in the other scale and present planar shapes including Nano 

films, Nano layers, Nano coatings. Whereas nanoscale is not used to measure the  Bulk 

Nanomaterial in any dimension.  These materials are thus characterized on the basis of 

three random `dimensions given above 100 nm.  These three dimensional Materials 

either have a Nano crystalline structure or show the features at the Nano scale.  

Concerning the Nano crystalline structure, multiple Nano size crystals are arranged in 

layers in bulk Nanomaterial’s in different orientations.  Those features present at the 

Nano Scale, shows the 3-D Nanomaterial which contains scattered Nanoparticles, roll of 

Nanowires and Nanotubes as well as several Nano layers [5].  When Nanomaterial’s and 

Nanostructures processed and fabricate , it’s important to control the huge surface 

energy, which is theioutcomeiofilargeisurfaceiareaioriextensiveisurfaceito volume ratio.  

The Nanomaterial’sishouldibeidesignediwithiuniform size distribution, crystallinity, 

microstructure, morphology, and chemical composition to get desired physical properties 

we have to prevent Nanostructures and Nanomaterial’s from agglomeration as a time 

evolves [4]. Glucose sensors used in diagnostics in clinical setup, in inspection of food 

and biotechnology which urge the need to develop the fast, sensitive and reliable glucose 

sensor. To date, Electrochemicalisensorsiproveditoibeiadvantageousidueito the high 

sensitivity, timeiefficiency,ibasiciinstrumentation,ieffortlessioperation, and cost-

effectiveness. For this reason, they are invariably  recognized as the most appropriate 

and constructive tool for glucose analysis [81,82]. Glucoseioxidasei(GOx)iand non-

enzymatic materialsimodifiedisensorsiuseditheielectrochemicalimethod which is 

extensively studied. GOx activity is more vulnerable to meteorological factors in 

contrast to non-enzymatic sensors [83]. It is the good substitute of enzymes which due to 

their high cost and demand of non-physiological electron mediators or oxygen becomes 

ineffective [84]. Non-enzymatic glucose sensors now the prime concern to many 

industries as it also possess the various metal Nanoparticles [85–86]. Industrial effluent 

commonly discharged into wastewater which not only affects the water quality but also 

disturb the life under water by hinder the sunlight infiltration into the water and 

significantly reduced the sea food chain. Besides many dyes reported as damaging and 

capable of introducing the carcinogenic properties [87, 88]. Now a days waste water 

contains the different heavy metals which cannot be treated through conventional 
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wastewater treatment methods  [89]. Modern methods include the  various chemical and 

physical processes, in which activated carbon are used on which the waste water 

components get adsorbed. Besides this, other processes such as coagulation through 

chemical agent, hypochlorite oxidation, ozone oxidation,  and electrochemical method, 

etc. also used toitreatitheiwastewaterieffluentsicontainingidyes. These methodsiareithe 

source which produce the secondary waste products. However, its cost and inefficiency 

made it less reliable [90]. In this technology era, innovative methods which are 

environment friendly as well as cost effective and efficient need to be investigate. In 

recent years, semiconductor materials are highly utilized due to their capability to 

oxidize the organic compounds through photocatalytic process which can be used as an 

substitute to conventionalimethodsiforitheiremovaliofiresistantiorganicipollutants from 

water. In thisiprocess,iwaterimoleculeiorihydroxyligroup interact with the valance band 

holes generated by UV photons and adsorbed on the catalyst surface and give rise 

hydroxyl radical (•OH), orielectroniinitheiconductioniband. When these hydroxyl radical 

interact with adsorbed oxygenimolecule,iitiformsitheioxygeniradical •O2 − and 

hydroperoxyl radical •OOH radicals. The in situ formation of these radicals made them 

highly reactive and unselective oxidants [91–92]. ZnO and TiO2 are the upmost 

semiconductors whichihaveibeeniusediasiphotocatalystidueitoitheirihigh photocatalytic 

activity, non-toxicinature,iiinexpensive,iandiexcellentichemicaliandimechanical stability. 

When ZnO and TiO has been compared, TiO2 is commonly used as the most active 

photo catalyst. However as both ZnO  and TiO hasitheisameibandigapienergyiaround 3.2 

eV ,ZnO can also be used in place of  TiO2 as it works effectively in both acidic and 

basic environment with the high degradation capability of organic components. These 

properties led to many researchers to investigate the ZnO properties which could help in 

many photocatalytic reactions. [93–94] 

 

1.1 Molybdenum Disulfide (MoS2) 

Molybdenumdisulfide belongsitoitheifamilyiofilayereditransitionimetal dichalcogenides. 

It occursiasiaimineralicalledi“molybdenite” and this inorganic compound exhibits shiny 
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silver black color in visible range. It usually appears as graphite and it is not highly 

reactive molybdenum disulfide contains an interlayer structure in which molybdenum 

layer is embedded between upper and lower layer of Sulfur. Vander Walls Forces 

loosely bound the layers of Mo and Sulfur to one another in Molybdenum disulfide. 

These Vander walls Forces are responsible for easy cleavage of S-MO-S direction in 

(001). 

 

On the basis of XRD pattern, the following three type of ill-Crystallized MoS2 exist 

i. Amorphous  

ii. Single layered  

iii. Poorly Crystalline  

On the basis of 002 and 110 diffraction planes in their XRD patterns Chinealli et al. has 

differentiated between the amorphous MoS2 and poorly crystalline MoS2. These two type 

of MoS2 usually distinguished from Crystalline MoS2 in catalytic and electrochemical 

properties. It is also observed that these properties varies inversely when it comes to 

crystallinity of MoS2. 

 

Figure 0-1Crystal structure of MoS2 
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Figure 0-2Crystal structure of MoS2 

The thickness of as prepared monolayer of molybdenum disulfide is 6.5A while bilayer 

molybdenum disulfide thickness is calculated as 13A. The thickness of single layer 

MoS2 is almost the half of bilayer MoS2. Molybdenum disulfide isiaisemiconductoriof 

direct bandigapiwith 1.23-1.69 eV band gap energies. When dimensions are reduced 

from bulk structure to 2-Dimension monolayer structure, the indirect band gap of 

molybdenum disulfide bends to the direct band. The apparent qausi particle band gap for 

molybdenum disulfide is calculated to be 2.40 ± 0.05 eV forisingleilayer, 2.10 ± 0.05 eV 

for bilayer and 1.75± 0.05 eV foritri-layerimolybdenum di sulfide. Molybdenum 

disulfide exhibitsitheiunexpectedibandigapitune ability (as large as 0.85 ± 0.05 eV) is 

single layer molybdenum disulfide which depends upon grain boundary mis-orientation 

angle. 

1.1.1 Structure of MoS2 

All forms of molybdenum disulfide has a various layer structure in which planes of 

molybdenum are embedded between planes of sulfur oriented in (001) plane direction. 

Molybdenum ion and Sulfur ion are attached to each other by a Covalent Bond. These 

three strata form a monolayer of molybdenum disulfide.  Weak Vander Walls forces 

bind them together in bulk form. Naturally crystalline MoS2 exists in rhombohedral and 
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hexagonal symmetry and are represented by 2H- MoS2 and 3R- MoS2, where H and R 

representsihexagonaliandirhombohedralisymmetryirespectively.  Molybdenum acquire 

the centeriofitrigonaliprismaticicoordinationisphere in both hexagonal and rhombohedral 

structures and isicovalentlyibondeditoisicisulfideiions. The lattice constants of 

molybdenum disulfide areimeasureditoibeia=0.3161nm b= 0.3163 nm (3R) c= 1.2295 

nm. 

1.1.2 Methods of synthesis 

Numerous methods are reported for the synthesis of Nanomaterials, it has been realized 

that crystal allotropic structure is central importance while synthesizing low dimensional 

Nano materials. However, MoS2 can be synthesized at higher temperature (800-900) as 

mono or poly crystalline material or at low temperature through chemical route. Some of 

physical properties of said material can be controlled by following synthesis at low 

temperature. So far MoS2 Nano-particles have been synthesized by using the below 

mentioned methods 

1. Hydrothermal  

2. Solvothermal  

3. Inverse micelle method  

1.1.3 Solvothermal method 

This method is combination of solvo and thermal methods. Solvothermal is a procedure 

used for preparation of compounds and chemicals in which non-aqueous precursor are 

used. We can control the shape, size distribution and crystallinity of Nano structure by 

controlling the temperature of reaction, type of reaction, type of precursor and pressure 

etc. Solvothermal method serves as a low temperature approach for synthesis of 

molybdenum disulfide, Molybdenum trioxide and Sulfur are usually used as starting 

agents for synthesis of molybdenum disulfide in presence of reducing agent at a 

temperature around 300C. Molybdenum disulfide produced by this method usually have 

hollow sphere symmetry but in the excess presence of Sulfur contents resulting material 

obtains possess crystalline symmetry. 
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1.1.4 Inverse micelle method 

In this method micelles are dispersed in non-aqueousimediaiiniwhichiparticlesiare 

grown. The major precursor usually used are molybdenum halide and sulfiding agent. By 

controllingitheisizeiofimicelleioneican control the size of particles. The size of micelle is 

dependent uponiratioiofiemulsifieriandiwater. The ratio of emulsifier to water is usually 

altered to vary the size of micelle andiiniturnitoigetitheidesiredisizeiofiparticle. Particle 

size up to 2.5 nm can be achieved by inverse micelle method. However instability of 

molybdenum halide has limited the efficiency of this method in production of 

molybdenum disulfide. Never the less this method is considered best for the synthesis of 

other type of semiconducting Nano-particles. 

1.1.5 Hydrothermal Method 

In hydrothermal method particles are grown in an aqueous solvent at a temperature 

higher than room temperatureiwhileioneibarihighipressure. Nano crystalline materials 

under low temperature can be effectively grown through this method without further 

annealing. Precursor solution is maintained in autoclave at a temperature ranges between 

100-300 C over the periodiofitime.iMoS2isynthesizedifromithis method has shown 

increase catalytic activity duringihydrogenievolutionireaction. The reactions conditions 

like temperature, pressure, type of precursor and reaction time effects the size plus 

morphology of the final product. In this research hydrothermal method is used for 

synthesis with specific reaction condition to get control over final product. 

 

Figure 0-3Auto Clave 
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Some other methods: 

Some other methods we found in literature for the synthesis of MoS2 are as follows  

1. Sonolysis 

2. Plasma microwave  

3. Electrochemical / Chemical method 

4. Chemical Vapor deposition method  

5. Chemical Exfoliation  

 

1.2 Molybdenum Disulfide as a Biosensor 

2D MoS2 possesses some remarkable properties that are adventurous for its bio sensing 

application. Especially when grown with large lateral dimension, basal planes of 

Molybdenum disulfide have no dangling bonds than they can be efficiently incorporated 

into bio sensing structures due to their stability in liquid and oxygen containing gaseous 

media. The bio sensing performance of molybdenum di sulfide can be enhanced by 

creating substantial surface to volume ratio of the material. The suitable band gap 

increases the sensitivity of the material based on 2D Molybdenum disulfide than that of 

small or zero band gap graphene and graphene oxides. The whole thickness of MoS2 get 

affected upon interaction with the bio molecule. To promote the specific chemical 

reaction on the surface of molybdenum disulfide different functionalization methods can 

be utilized which enable the bio sensing capability. One can transform molybdenum 

disulfide from semi-conducting to fully conducting by adjusting the electronic energy 

states which this material eligible for many bio-sensing conditions.   
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Figure 0-4Schematic diagram of Biosensor 

1.3 Zinc oxide 

Zinc oxideiisiaidistinctiveimaterialiwhichiexhibitiseveral semiconducting piezoelectric 

and pyroielectriciproperties.iZincioxideihaveibeeniaipartiofimany enzymes, sun screens, 

pain and itch relieving Gels.iItiexhibitsitheiwideibandigapiwhichihelpsiits microcrystal 

to absorb light  in UVAiandiUVBispectraliregion.iZincioxideiareimost effective against 

microorganism andiworksionibiologicalifunctionsilargelyidepending on its morphology, 

particle size, exposureitime,iconcentration,iPHiandibiocompatibility. Zinc Oxide Nano-

structures are widely usediforitheimanufacturingiofisystematiciamperometricibio-sensor 

as they present the unnaturaliandiversatileipropertiesiincludingibioicompatibility, non-

toxicity, chemicaliandiphotochemicalistability,ihighispecificisurfaceiarea, optical 

transparency , electrochemicaliactivities,ihighielectronicommunicatingifeaturesiand so 

on. ZnOiNP’siareiexcellentidrugicarrierisystems. 

1.3.1 Zinc oxide structure:  

Wurtzite zinc oxide consistsiofiaihexagonalistructure,iwithitetrahedral centers O2- and 

Zn2+ ions,iwithicubicilatticeistructureiandiparameters a=0.3296 and c= 0.52065 nm 

(Figure 1). TheimechanicalipropertiesiofiwurtziteiZnOiincludeipiezoelectricity and pyro 

electricity. The polarization, owing to the positive charge of Zn-(0001) and negative 

charge of O-(0001) surfaces,iofizincioxide,ialongitheic-axis,iisianotheriimportant 

characteristic. Iniorderitoimaintainitheistabilityiofiwurtziteistructure, the polar surfaces 

and planes have surface reconstructions except in the case of zinc oxide, whereby, the 
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structures areiflatiandidevoidiofireconstructions. This exceptional behavior is an 

indication toitheisuperioristabilityiofiwurtzite ZnO+(0001) polar surfaces. Other 

important facetsiincludeinon-polariZnO {21¯10¯} and {0110¯}. 

 

 

Figure 0-5Crystal structure of Zinc oxide 

1.4 Properties of ZnO 

The ZnO structureicanibeiutilizediinitheiformiof chemical bulkioriaisemi-conductor 

depending on its application,iowingitoiitsioptical, electricaliandithermal properties. For 

instance, it can be used asianielectricaliconductoridueito its thermal stability at very high 

temperatures i.e. 1800 °C andiasiaisemi-conductoriin opto-electronics and transparent 

conducting films. It has alsoiprovenitoibeiusefuliinipigment applications and as an 

additive in rubber,iowingitoiitsihighirefractiveiindexi(1.95-2.10) and physical and 

chemical properties.iItiisiusediinidesulfurizationiprocessiin chemical plants due to the 

specific surface area of ZnO active grades. It is of utmost importance to study the 

various properties of ZnO structureiiniorderiforiselection of material can be carried out 

appropriately. 

1.4.1 Crystal structures 

The crystallized structures ofiZnOiincludeihexagonaliwurtzite, cubic zinc-blende and 

cubic rock-salt (NaCl-like) structures.iAmongstithese,itheiwurtzite ZnO structure is the 

most stable structureiinitermsiofithermodynamicallyiatiambient temperature and 

conditions. The cubicizinc-blendeistructureicanionlyibeistabilized when it has been 
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grown epitaxyionisubstrates. The cubic rock-saltistructureiisitheirarest form and can only 

be found in stable form at extreme pressures (2 GPa). 

1.4.2 Toxicology 

Generally,izincioxideiisiconsideredinon-toxiciandiisinotifound, through any authentic 

studies, to beianiirritant,icarcinogenic,igenotoxicioritoxicitoihuman reproductive system. 

On the otherihand,itheizincioxideipowder,iifiinhaledior ingested, can cause a syndrome 

called zinc fever orizinciague,icharacterizedibyichills,ifever,icoughiand chest tightness. 

EU hazardiclassificationsiicategorizeditheizincioxideiasiextremely toxic for the aquatic 

environment- N; R50-53,ialthoughiitiisiessentialiforihumans, animals as well as plants in 

trace amounts (10-15 mgiperidayiforihumanimetabolism). Thus, the preparation, 

packaging, transportationiandihandlingiofiZnOimustibeifollowedithrough with great care 

and precautions. Theipackagesimustibeilabelledi“UN3077-Classi9, Environmentally 

Hazardous Substance”. Studiesihaveiestablishedithatitheiecoitoxicity found in the 

Tetrahymena thermophila, aniaquaticimodeliprotozoan,iisicausediby solubilized Zn2+ 

ion. The toxicitiesiofizincioxideiionsiinibulk,inanoiandisolubleiformiare quite similar, 

exhibiting EC50 valuesiofiaroundi4-5imgiZn/L (5 ppm). Various applications of zinc 

oxide, in nano form,iincludeiuseiinisunscreeniproducts,isincei1990s, to neutralize the 

effects of UV rays.iTheicontemporaryistudiesihaveiconfirmeditheilowilevels of systemic 

toxicity caused byiZnOiparticlesiasitheyidoinotipenetrateitheiskinicells and hence, can 

be considered safe for human use. 

1.4.3 Morphology of zinc oxide particles 

It isiinterestingitoinoteithatizincioxidei(ZnO)ipossessidynamic morphology which can be 

tuned by inducingichangesithroughiitsisynthesisitechniques, in the pH or the 

concentration ofitheireactingimoleculesiandialsoibyichangesiin precursors. Among 

different shapes ofiZnO,isomeiareinodulari(0.1-5m),icircular (0.5-10m) manufactured by 

French and AmericaniprocessesiandispongeilikeiZnOimanufacturediby wet processes 

Nano rods [20,21],iNanoiplatesi[23,22],iNanosheetsi[24],iNanoboxesi[22],iirregularly-

shaped particlesi(ISPs)i[22],ipolyhedralidrumsi[22],ihexagonaliprisms, Nano mallets 

[22],iNanotripodsi[25],itetrapodsi[26],iNanowiresi[27],iNanobeltsi[27,28], Nano combs 

and Nanoisawsi[28],iNanospringsiandiNanospiralsiandiNanohelixesi[21,105], Nano 
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rings [21,28], Nanocagesi[99,28],iNanoneedlesi[10,29],iNanotubesi[10,21,30], Nano 

donuts [10], Nanopropellers [10], and Nanoflowers [31,30]. 

1.4.4 Bulk zinc oxide 

Mostly theibulkiZnOiisiproducedibyiAmericanioriFrenchiprocesses, their surface area (1 

and 10 m 2 g−1) variesidependingionitheiprocessiused.iDuringihigh manufacturing 

temperature, crystallineiparticlesiareiformed.iiBulkiZnOihavingilow surface area are not 

considerediactive.  

Other ‘wet-process’ ZnO: 

SomeiZnOiareiproducediusingiwetichemicaliprocesses like precipitation etc., their 

surface areairangesifromi10-30iandi50-60im2ig−1. Their surfaceiareaican be managed 

by changing theiconditionsiofimanufacturingiprocessisuch as changing the concentration 

of base method 

1.4.5 ZnO single crystals 

ZnO singleicrystalsi(nioripitype)iwidelyiusediin electronics are manufactured using 

hydrothermal (350-450 ◦C) growthiandi2500ibaripressureiconditionsior vapor phase 

transport growthi(1100–1400i◦C)iorieveniatilowimeltingitemperatures using pressurized 

melted salts [8,10,116]. Amongiallitheimanufacturingimethods, vapor phase method is 

relatively fast (7-8mm/day). Similarly,ilowimeltingitemperaturesialsoihave a high yield 

of ZnO at faster rates [112, 38–39]. Onicontrary,ihydrothermaliconditionsiare very slow 

butihaveiaiyieldiofigoodilargeicrystals [36, 37]. 

Compared toinitype,ipitypeicrystalsiareimanufactured rather hardly but as of recent 

polycrystalline filmsiareisuccessfullyiproduced 

1.4.6 Optical properties 

The applicationiofiZnOiinioptoelectroniciapplicationsiis reshaping the interest of 

researchersiiniZnOimoleculesi[4,i5,i7,i42]. It is postulated that ZnO based applications 

are cheaper and non-toxic,ithusicanibeieasilyiusediasibestialternativeifor old 

optoelectronicidevicesithatiwereibasedioniUVior blue ranges such as LEDs etc. 

Similarly, ZnOiexhibitisameibandigapienergyiofi3.37ieViat RT as that of GaN but a far 

greater exciton binding energy of 60 meV [42]. For improvising ZnO band gap energy, 
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several optionsicanibeiutilizedisuchiasibyialloyingiwithiMgO that can increase the band 

gap ofiZnOiinitheirangeiofi2.3-4.0ieVi[49,i39].iInitermsiofiemissioniproperties of ZnO, 

many factorsisuchiasimanufacturingimethods,isize,ishape,isurface coating ligands etc. 

largely influence it [49, 50, 41–43]. 

1.4.7 Electrical, thermal, and magnetic properties 

ZnOiisiinitheilistiofiextensivelyiresearchedisemiconductorsibut difficulties associated 

withip-typeisingleicrystaliZnOimanufacturingihaveicausediseriousiharmito applications 

of ZnO in a wide range 

1.5 Piezoelectricity, pyroelectricity and thermoelectricity  

FirstiuseiofiZnOiasiaipiezoelectricisemiconductorihavingilarge electromechanical 

coupling coefficientiwasidiscoverediini1960s.iAfterwardsiZnOiwasiused in surface 

acoustic waveidevicesiasiaithinisurfaceilayer,iresonators,iscanningiprobe microscopy for 

controlling tipimovementiandiiniairioriliquidisensorsi[50,i28,i42]..iThis was also mainly 

due to theitetrahedralicoordinationiiniZnOithat incorporates changes in shape of ZnO 

(non-centro symmetric), thusibeingipiezoiandipyro-electric.iMoreover, a n-type ZnO i.e. 

doped ZnOiincludingiAI-dopediZnOihaveiapplicationsiasithermoelectric compound 

It’siUnfortunateithatibesidesiallitheicharacteristicsiof ZnO, it is still limited of use when 

compare to otherithermoelectricisubstances.     
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Chapter 2 

2 Experimental procedure 

2.1 Synthesis of MoS2 

Currently different techniques have been used for synthesizing 2D MoS2 in bio sensing 

applications. Theseimethodsiincludeisonolysisi[51], Plasma microwave [52], 

Electrochemical/Chemical Method [51, 53],iChemicaliVaporiDepositioniMethodi[54], 

Chemical Exfoliation [55] etc. However,ionitheilargeiscaleiproduction, these methods 

are not appropriateiasitheyiproduceitheilowiyieldiandiMoS2iflakes on substrates. In our 

experiment productioniofiMoS2ibyimeansiofihydrothermalimethodihas been carried out. 

Hydrothermal methodihasibeeniusedibecauseiofifollowing reasons: 

• In hydrogenievolutionireactioniMoS2ihasishown higher catalytic activity when 

produced through this method. 

• The size andimorphologyiofifinaliproducticanibeiengineered easily through 

this method. 

2.2 Hydrothermal Method 

This method usuallyiinvolvesisimpleisteps.iInithisimethodireactantsiare maintained at 

low temperature and resultantimaterialialsoiindicatedipreciseisizeiandimorphology 

which in turn enhancesitheielectrochemicalipropertiesiofimaterial. MoS2 can be 

synthesized withimoreicontrollableistructureibyicontrollingicrystallizationicondition. 

Through hydrothermalimethodiitibecomeieasyitoicontrolicrystallizationiparameters. 

Crystallization ofiMoS2icanibeicontrolledibyicontrollingitemperatureiand pressure as 

both the parameteriisiinidirectirelationiwithicrystallinity. In our case we have used 

different parameter in differentiexperimentsiforisynthesisiofiMoS2. We are going to 

discuss the procedural steps for synthesis of two of them. 

The Stepwise synthesis procedure for MoS2 is given below: 

➢ 0.5 grams of sodiumimolybdateiandi0.175gmiofiSulfuriareiweighted precisely. 

These reactants are taken out in a stainless steel autoclave of capacity 100 ml. 
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➢ Then 0.6 ml ofihydrazineiisimeasurediwithihelpiofipipette. Hydrazine is dropped 

into previously measured reactants in autoclave. 

➢ Autoclaves areithenifillediwithiwateriandiclosed tightly. 

➢ Autoclaves are maintained at 1500C for about 34 hours. 

➢ After 34ihoursiautoclavesiwereitakenioutiandiallowed to cool at room 

temperature. 

➢ Resultant materialiisitakenioutiandicentrifugedirepeatedlyiwith water and ethanol 

for about 5 to 6 times. 

➢ Afteriwashingimaterialiisidriediat 600C for about 5 hours. 

➢ Finally, materialiisicrushediwithimortaliandipistoniand we obtain MoS2 in form 

of silvery black colored powder. 

 

Figure 2-1Synthesis of MoS2 

2.3 Synthesis of MoS2/ZnO 

The Stepwise synthesis procedure for MoS2/ZnO is given below: 

 

➢ 0.5 grams of molybdenum di sulfide is weighted.  

➢ 0.378 grams of zinc nitrate hexa-hydrate is added to the solution. 

➢ Autoclaves are then filled with solution and closed tightly. 

➢ Autoclaves are maintained at 800C for about 6 hours. 
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➢ After 6 hours autoclaves were taken out and allowed to cool at room temperature. 

➢ Resultant material is taken out and centrifuged repeatedly with water and ethanol for 

about 5 to 6 times. 

➢ After washing material is dried at 600C for about 5 hours. 

2.4 Biosensor 

A biological sensoriisianianalyticalideviceiwhichicontainiimmobilized biological 

component e.g. enzyme,iantibodyiorinucleiciacidietc.iTheseibiological components 

interact with analyteitoiproduceiphysical,ichemicaliorielectricalichange which is 

measurable. Anianalyteiisiusuallyiaicompoundilikeiglucose,iureaioridrugietc. [56]. Bio-

sensor involves theiconversioniofibiologicaliactionsiinimeasurableisignals for 

quantitative analysis. Bio-sensor has two components  

Biological componentsii.e.iiEnzymeior cell etc. 

Physical component i.e. amplifier etc. [57].Fig 2.2.1 depicts the elements of biosensors. 

Biosensor consist in of  

➢ bio receptor binding to analyte 

➢ interface whereispecificibiologicalievent takes place 

➢ Transducerisignaliwhichigeticonvertiinto electronic signal and amplified by 

detector circuit. 

➢ a computerisoftwareitoiconvertisignalsiinto meaningful parameters 

➢ a human operator 
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Figure 2-2Elements of Biosensor 

2.4.1 Principle of Biosensor 

The desired biological materialiisimadeiimmobilizedibyiphysical or membrane 

entrapment, covalentiorinon-covalentibonding.iAiboundianalyteicanibe prepared by 

binding analyte to biological material, which in turn produce measureable electronic 

signals (56,58). 

Principle of Biosensor: 

Electrochemical biosensorsiareidevicesiwhichiworkioniprincipleiofimeasurement of 

electronic current, ionic or conductance charge carried out by electrodes. 

Electrochemical biosensoricontainsithreeielectrodes,iaireferenceielectrode, a working 

electrode and a counterielectrode.iReferenceielectrodeiisiuseditoimaintainia stable 

potential by placingiitiatiaidistancei(58).iTheijobiofitransductionielement in biochemical 

reaction is performedibyiworkingielectrodei[59].iWhileiconnectionito electrolytic 

solution for productionioficurrentiisiprovidedibyicounterielectrode, Platinum, gold, 

carbon and siliconielectrodeiareimostlyiusedibecauseiofitheir stability and conductivity. 

Information aboutianalyteicanibeiobtainedibyichangingipotentialiand then measuring the 

resultant potential. ForithisipurposeiCyclicivoltammetryiisiaiwidelyiused technique 

which measure theiredoxipotentialiandielectrochemicalireactioniratei[57, 58]. The 

voltage is calculatedibetweenireferenceielectrodeiandiworkingielectrodeiwhile current is 

calculated between counterielectrodesiandiworkingielectrode. The obtained parameters 

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=3663003_sensors-08-01400f1.jpg
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are plotted as currentivs.ivoltageialsoiknowniasivoltammogram. Enzymes are also used 

in electrochemicalisensing.iMosticommonlyiusedioneiisiGOx.iGlucoseioxidaseicatalysis 

the  oxygen andiglucoseireactioniiniwhichigluconiciacidiandihydrogeniperoxide are 

formed which is detectedionimodifiedielectrode.iTheireactioniof this enzyme is given as 

follows 

O2 + Glucose  H2O2 + Gluconic Acid 

H2O2 + Donor             2H2O + Oxidized Donor 

2.5 Fabrication of Amperiometric Glucose Biosensor 

To fabricate the biosensor, prepared material is transferred to a 3mm diameter 

conventional glassy carbonielectrode.iAithinifilmiofi5µLinafionisolution is dropped onto 

electrode whichiattachesitheiMoS2itightlyionitheisurfaceiofiglassyicarbons electrodes. 

after the waterievaporates,i5µLiGOxisolutioniplacedionitheisurfaceiof film. The 

immobilizediGOxiwasiremovedithroughiextensiveiwashingiand modified electrode was 

kept in refrigerator at 4oC overnight  

 

Figure 2-3Fabrication of Electrode 

The basic assumption for meaningful XRD is homogenous, angular and spatial 

distribution of sample in all the directions before exposing the sample to x-rays source 

[61]. 
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2.6 Photo-catalysis 

Photo catalysis is the chemical reaction which occurs when the photons absorbed by 

solid material whichibehavediasiphotoicatalysti(Ohtani,i2011).iHowever, the definition 

of photo catalyticiprocessiisistillinoticleari(MillsiandiLeiHunte,i1997). It is important to 

note that photo catalystiremainsiunchangedichemicallyiduringiand after the photo 

catalyst reaction. Initheiliterature,itheitermi"photoicatalyst"iisiofteniused equivalent with 

term "catalyst". photocatalyticimaterialsibehavesidifferentiallyiinicatalysisireactioniand 

thermodynamic reaction.iItiisibecauseiphotocatalyticimaterialsibehavesias catalyst 

during the catalysis reaction.iTherefore,iphotoicatalysisi(DG>0)ioccursiin the energy 

storing reactions whileicatalysisiisirestricteditoithermodynamicallyipossibleireactions 

(DG) (Ohtani, 2010).iTheiphotoicatalyticiactivityidetermineitheireactionirate (absolute 

or relative) of the photocatalysis (Ohtani, 2011). 

 Five steps are well-known during photocatalysis (Herrmann, 1999): 

• shifting of pollutants to the photocatalyst’s surface 

• pollutants absorption on the surface 

• photonic activation and decomposition of adsorbed molecules 

• reaction product’s desorption 

• removal of reaction products from the photocatalyst’s surface 

Photocatalysis principaliexplainedibyitheiuniversallyiaccepteditheoryiveryiwell. It is 

explained in theitheoryithatiwheniailightienergyibandigapiisiequalitoiorilarger than the 

photocatalyticimaterialistrikeiwithitheiphotocatalyst, it generates the electron hole pairs 

which split into electrons (e) iniconductionibandiandiholesi(hþ)iinivalance band. The 

oxidation reductionireactionitakesiplaceionitheisurfaceiofitheiphotocatalyticimaterial 

following the generationiofieiandihiþ.iOfteniitiisihappenedithat the electron-hole 

recombine whichicanireduceitheichanceiofitheioxidationireductionireactions on the 

photocatalytic material. Electron-holeirecombinationideterminesitheireaction rate while 

the current findingsiinitheifieldidisproveitheielectroniholeirecombination during 

photocatalyticiprocessi(Ohtani,i2013). 
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Anotheriphenomenaiisiexplainediwhichihappens due to the presence of photocatalyst, 

UV-vis radiation andiozoneiisitheiphotocalyticiozonation. In this reaction, when the 

photoexcitation ofitheielectronsitakesiplaceionitheisurfaceiofitheiphotocatalyst, ozone 

molecules adsorbedionitheisurfaceiofiphotocatalystiwhichileadsito the formation of 

active oxygen radicals whichiwhenireactediwithiwaterimolecules,iformithe hydroxyl 

radicals (Huang and Li, 2011). Moreover,iitiisialsoireportedithatiiwheniozoneiabsorbs a 

wavelength shorterithani300inmi(Mehrjoueiietial.,i2015)iactiveioxidizingispecies are 

produced O3 þ hv / O þ O2. 

 

Figure 2-4Schematic of photocatalysis 

2.7 Literature review 

Amperometric glucoseibiosensoriare highly sensitive in which single ZnO Nano fiber 

(ZONF) is used Ahmad etiali(2010).iNanoifibersi(NFs)iofipoly (vinyl pyrrolidone)/zinc 

acetate composite areiuseditoisynthesizeibyielectroispinningitechnique. ZONFs have 

been successfully obtainediinitheirangeiofi350-195inmidiameter by elevate the 

temperature iniorderitoicalcinateitheiaboveiprecursorifibers. Concerning its function, 

through the physicaliadsorptionisingleiNFioniaigoldielectrode worked with glucose 

oxidase (GOx).iBiosensoridetectitheihighiandireproducibleisensitivityiof 70.2 μA cm-2 

mM-1iwithiniairesponseitimeiofilessithani4isiwhichialsoishowedia linear range from 

0.25 to 19 mM withiailowilimitiofidetectioni(LOD)iofi1iμM. These biosensors also 

possess the influentialianti-interferenceiabilityiandipromisingistability for long-term 

storage (more than 4 months). Alliofitheseicharacteristicsihighlyisupport that a biosensor 
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can be designed through individual ZONF and can be used for other biological 

applications. 

Xiong et al (2018) reportedithatitheiMoS2ilayer-structuredionlyisuitable for hydrogen 

evolution reaction (HER) and not for oxygen evolution reaction (OER). In order to 

obtain the bi-functionality ofiHERiandiOERiontoiMoS2i,iaicobalticovalent doping 

approach was used whichisurprisinglyiboostitheiHERiactivityias well as OER activity. 

The conditions useditoiachieveithisiactivityiareitheiHERiand OER onset potentials of 

−0.02 and 1.45 Vi(vsireversibleihydrogenielectrodei(RHE))iini1.0imiKOH. In particular, 

low HER and OERioveripotentialsiofi48,i132,i165imViandi260,i350,i390imV can pass 

on the highicurrentidensitiesiofi10,100,iandi200imAicm−2.iOtheritransitionimetals can 

be used toiachieveitheibi-functionalizationibyiusingicatalystiactivation approach. 

Ahmad et al (2009)iinvestigateditheisynthesisiofiamperometricibiosensor which is 

highly sensitive. These biosensors have been made by incorporated the Pt onto ZnO 

which formed a hybrid nano spheres. These Pt-ZnO Nano spheres (PtZONS) ranged 

50-200 nm diameters by depositing the electrons on a glassy carbon electrode 

(GCE). High resolution transmission electron microscopy (HRTEM) and energy 

dispersive X-ray spectroscopy (EDS) have been used to identify the Pt 

Nanoparticles in ZnO Nano spheres. The doped Pt Nanoparticles has the ability to 

oxidize the hydrogen peroxide through electro catalysis which considerably elevates 

the response current. The PtZONS/GCE shows the high sensitivity to hydrogen 

peroxide is 147.8 μA μM-1 cm-2. Cholesterol oxidase (ChOx) is used to 

functionalized the PtZONS/GCE through physical adsorption. The enzyme electrode 

is highly sensitive to cholesterol as it detects the sensitivity of 1886.4 mA M-1 cm-2 

in less than 5 s of response time and shows the linear range from 0.5 to 15 μM. 

Furthermore, biosensors good anti-interference ability and favorable stability 

suggest them to use over the longer period of time. All of these characteristics 

suggest the PtZONS highly sensitive to cholesterol but also use the low potential to 

drop the interference. 

Wang et al (2014) developed a series of MoS2 Nanostructures by using the one-step 

hydrothermal process in which he changed the surfactant as soft template and 
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temperature ofihydrothermalireaction.iHeiuseditheidifferentitechniques to investigate the 

three type of MoS2 Nanostructuresithree-dimensionali(3D)iwhich are hierarchical Nano 

spheres, one-dimensionali(1D)iNanoiribbonsiandilargeiaggregated Nanoparticles. 

Different techniquesiwhichiheiusediwereiX-rayidiffractioni(XRD), field emission 

scanning electronimicroscopyi(FESEM),ihighiresolutionitransmission electron 

microscopy (HRTEM),iandiBrunauer–Emmett–Tellerianalysis (BET). MoS2 

Nanostructures involvesitheimultipleicyclesiandiareicapableito carry the high initial 

discharge potential (higherithani1050.0imAihig1).iTheistructureiof the MoS2 Nano 

spheres revealed theisheet-likeisubunitsiwithitheihighestiparticular potential of 1355.1 

mA h g1, and 66.8%iwithitheimaintenanceieveniafteri50icycles. The hierarchical MoS2 

Nano spheres haveitheigoodilithiumistorageicharacteristics which can help in large 

electrolyte/ MoS2 contact area and stable 3D layered structure. 

Molybdenum disulphideiparticlesiandicomplexicomposites have been investigated for a 

long period ofitimeiforitheisynthesisiandiapplication of Nanostructure Bazaka et al 

(2019). Molybdenum hasitheitransitionipropertiesiwhileisulfur has the high chemical 

activity. To achieve theimolybdenumidisulphideiNanoparticles, nucleation, growth, and 

shaping is involved in theiprocess.iApartifromitheiunderstandingiof biological and 

catalytic activity, someiquestionsiremainiuncleariandineed to be addressed. Recent 

progress regarding theinucleationiandigrowthiofivariousimolybdenum disulphide give 

rise the idea to useitheiiNanostructuresiforitheivisualizationiof important fabrication 

methods spectrum whichicanibeifromitheisimplestisolution-based techniques to the most 

advanced chemicalivapouridepositioniandiplasma-enhancedichemical vapour deposition 

techniques. Nanostructuresihaveibeeniwidelyiusediinimedicine, for the anti-cancer 

therapy,idrugideliveryiandimedicaliimaging. At present, its most challenging to maintain 

the balance between theiparticleistructureiandichemicaliactivity during synthesis, since 

molybdenum disulphide Nano-structuresihaveibeeniusediiniadvanced biomedical 

applications. 

Li et al (2014)iinvestigateditheidifferentikindiofiMoS2iNanostructures which can be 

synthesized by usingitheisulfuricontainingireagentsisuchiasicarbon disulphide CS2, 

Anhydrous SodiumisulphideiNa2S,iThioacetamideiCH3CSNH2, Ammonium 

thiocyanate CSN2H4, and Potassium thiocyanate KSCN. Designed solution chemical 
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reactions of Na2MoO4ialsoiusediforitheisynthesisiof nanostructures e.g  hollow-cage 

fullerene-like particles, fibrousifloccus,iandisphericaliNanoivesicles. Experimental data 

shows the possible redoxireactioniroutesiwhichirevealeditheiMg2+iions in synthesized 

MoS2 nanostructures possesses the preferable reversibly intercalation/deintercalation 

cycles than in bulk MoS2isamples.iDifferentitechniquesihaveibeen used to characterized 

solution product ofiMoS2ianditheirisamplesiwhichirequiredihigh temperature for 

annealing by X-ray powder diffraction (XRD), transmission electron microscopy (TEM), 

X-ray photoelectron spectroscopy (XPS), and resonance Raman spectra. 

Luxa et al (2016)ialsoiinvestigateditheiMoS2iandiWS2isynthesis through thermal 

reduction of tetrathiotungstate/tetrathiomolybdateand graphite oxide on a conductive 

graphene support.iDuringitheisynthesisi,iaibyproductiMagnliiisiformediwhich greatly 

influenced the catalytic propertiesitowardsihydrogenievolutioniwhereas  the catalytic 

activity towards oxygen reductioniofitheseicompositeimaterialsiis not affected by this 

phenomenon. For theiindustrialipurposeithisiphenomenaiisiofigreatiimportance because 

of the high catalyticiactivityiHussainietiali(2016)iuseditheico-precipitationimethod to 

evaluate that FlowerishapedihierarchicaliZincioxideiNanostructuresihave been 

hydrothermally functionalizediwithi8inmiAuiNPsiandi15inmiAg Nanoparticles and also 

investigated the photocatalytic and electrochemical activity of these structures. Moreover 

several studiesiconducteditoidemonstrateitheistrongiinteraction between noble metal 

Nanoparticles (NPs) and Zinc oxide Nano flowers. XPS research theory confirms this 

interaction. The near band edge transition causes UV emission in PL spectra  results in 

reduced PL intensities of Au–ZnO and Ag–ZnO composites which enhance the 

photocatalytic activity that happens as a result of increase defects. Moreover, Au NPs 

shows the higher catalytic activity and stability. ZnO surface also contain the Au NPs 

which is reported as the source of enhance photocatalytic activity when compared to Ag–

ZnO and pure ZnO. Ag–ZnO-modified glassy carbon electrode also known for good 

amperometric response to hydrogen peroxide (H2O2), with linear range from 1 to 20 lM 

and detection limit of 2.5 lM (S/N = 3). And also its sensor shows the high detectability 

y as compared to pure ZnO and Au–ZnO-based sensors. Above mentioned results 

revealed the different ways to use the efficient non-enzymatic biosensor and 

environmental friendly remediators. 
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Li et al (2013) useditheinovelidual-petalsiNanostructurediWS2@ MoS2 heterojunction to 

explore the photo catalystiwhichihelpiinitheiphotoidegradationiof methylene blue. 

Synthesis process ofiNanoipetalsi(NPs)istructurediWS2iincludesithe pretreatment of ball 

milling whichibehaveiasitheibaseioniwhichitheiMoS2isub-NPs develop. dual-petals 

Nanostructured WS2@iMoS2idisplayitheiuniqueistructuralifeaturesiwhich present the 

numerous activeisitesiwhichiultimatelyiincreaseitheiphotocatalyticiactivity and surpass 

the pristine MoS2/WS2. WS2@ MoS2 composite is extensively studied its structural, 

electronical, and opticalipropertiesiwhichirevealeditheidifferenceiinibandigapiof WS2@ 

MoS2 composite andipristineiWS2iandiMoS2.iItiisiappearedithatiWS2@ MoS2 composite 

band gap wasinarroweriwithiwell-definedistaggeritype-II band alignment resulted in the 

introduction of theiphotoiexcitedielectroniintoiconductioniband minimum (CBM) of 

MoS2 from the CBM of WS2.iThisiwilliblockitheicombiningiofitheiphoto generated 

pairs and extend the carriersilifetimeiandihelpiiniproperiinterface charge distribution. 

These results will help to understanditheicompositeiimprovediphotocatalysis and will 

open the many applications for the future use. 

Jhang et al (2017) developeditheiultrathinitwoidimensionali(2D) MoS2/WS2 Nanosheets 

having the hierarchicalistructureibyiusingitheifacileione-pot hydrothermal reaction. 

Several methods were applieditoiinspectitheithicknessiofiultrathiniNano flakes. Three 

techniques wereiusedinamediScanningielectronimicroscope (SEM), transmission 

electron microscope (TEM)iandiphotoluminescencei(PL)iwhichirevealed the nanoflakes 

thickness of 2–10 nm.iNanoflakesiheterostructureihelpsito separate the electro–hole 

pairs. Vertical structure ofiNanoflakesiincreaseitheisurfaceiarea as it exhibits the 

unsymmetrical structure. MoS2/WS2 hybrid present improved photo and electrochemical 

behavior than the pure MoS2 or WS2. In electro catalytic hydrogen evolution reaction , it 

can be used as photocathode. 

Zafar et al (2016) worked onitheiOpticaliemissioniefficiencyiwhich is the most 

significant characteristic of the two-dimensional layered transition metal dichalcogenides 

(TMDs) and canichangeitheioptoelectroniciperformance. In order to achieve the 

optoelectronic-grade quality , it’sinecessaryitoioptimizeithe growth parameters through 

the chemical vapor deposition (CVD). Thisistudyiusesithe systematic photoluminescence 

(PL) spectroscopic approach toievaluateithe intrinsic optical and crystalline quality of 
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CVD grown MoS2 (CVD MoS2). Forithisipurpose,iintensityiratio is measured in air and 

vacuum. By growing theiMoS2iatidifferentitemperaturesihelps to detect the structural 

defects. For often lowitemperatureimeasurementsihelps in the detection of structural 

defects. This will help initheidevelopmentiofioptoelectronicidevices through the 

alteration in growth parameters. 

Naaz et al (2019) useditheioneipotisynthesisitechniqueito investigate the Silver 

Nanoparticles embeddediinigrapheneioxidei(Ag-GO)iNanoicomposite which is further 

analyzed by using the differentitechniquesie.g.iFESEM, TEM, EDX, XPS and Raman 

spectroscopy. The Nanoicompositeishowsitheiseveraliadvantageousiactivities including 

the upgraded photoicatalyticiandiantibacterialiactivitiesibut also better biocompatibility. 

It is also resistant to bacterialigrowth.iTheicompositeialsoishowsitheinontoxic behavior. 

Moreover, Ag-GO Nanoicompositeialsoidegradeditheitoxiciorganic dyes rapidly which 

is five times higher thanitheialoneiGO.iEnhancedibiocompatibility, photo catalytic 

degradation activity made it good for the commercial use  
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Chapter 3 

3 Characterization techniques 

3.1 Characterizations 

Characterization techniquesiareiusedito explore theidifferentiaspects of Nanomaterials 

including its morphology, surfaceiproperties,icomposition, purity and stability and also 

study their advantagesiandidisadvantagesi[62].iThese techniques are basically divided 

into two major categories:iTheitechniquesiwhichiareiusedito study the structural and 

elemental composition andithoseiwhichiareiuseditoiexplore different optical and 

electrochemical properties.iAccordingitoitheiregulatoryiguidelines, these techniques for 

characterization ofiNanomaterialsiareifundamentalitoiensureithe safety of Nanomaterials 

[59]. The characterizationsiwhichiareiusediforivarious analyses of Nanomaterials are 

given below 

• Characterization of Structural and Elemental composition analysis: 

o Energy DispersiveiX-rayiSpectroscopy (EDX) 

o X-ray Diffraction (XRD) 

• Characterization of Optical Properties analysis: 

o FourieriTransformiInfrarediSpectroscopy 

o RamaniSpectroscopy 

o UV-VISiSpectroscopy 

• Characterization for Studying Morphology: 

o ScanningiElectroniMicroscopyi(SEM) 

The above-mentioned characterizations are discussed below separately. 

3.2 X-RayiDiffraction 

X-Ray Diffraction techniqueiwasiuseditoiexamineithe structural properties of material 

which tell us about theiphaseiidentificationiofimaterials. It works on the principal which 
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describes theiX-Raysicompatibleirangeiinicrystaliwhichiis distance between atoms. 

When the X-Ray hitsitheicrystal,ix-raysidiffractediandidisplayithe different lengths with 

different sharp points.iTheiinteractionibetweenix-raysiandicrystalline material is 

explained with Braggs Law [59]. 

According to bragsilaw,iwhenitheiseriesiofiplanes of crystal fall on X-rays, it reflects. 

After reflection, whenitheiangleiofiincidentiisiequalito angle of reflection during that 

period reinforcementiofiwavesireachesiatiitsihighest points. Waves from successive 

layers reinforce whenitheiripathidifferencesiintegralimultipleiof “λ”. If we examine the 

crystallographic structureimaintaineditheidistanceibetweenithe planes equal to “d” and 

X-rays of wavelengthi“λ”itoibeiincidentiuponithem,ithen according to Bragg’s Law: 

λ=2dsinϴ……….3.1.1 

Where “ϴ” representeditheiangleibetweenicrystaliplanesiincident beam. For constructive 

interference the equation becomes: 

nλ=2dhklsinϴ………….3.1.2 

Where h, k, l areimilleriindices.iConstructiveiinterferenceishows sharp peaks which will 

determine phase of crystals. [63]. 

3.2.1 Sample Preparation for XRD Analysis 

As the qualityiofitheicollectedidataiisitotallyidependentiupon the sample quality and to 

the standard of itsipreparationiandidepositioni[60].iTheisuccess of structural analysis is 

associated withitypeiofisampleiandioniexperimentaliconditions. A fine grinded powder 

serves as a sample foristructuralianalysis.iAicommonimortariand pistel can be used for 

this purpose as showniinitheifigurei2.4(a)ibelow.iBulk MoS2, ZnO and MoS2/ZnO was 

grinded with helpiofimortariandipistel.iThenigroundedipowder was deposited on sample 

holder which couldibeiofialuminum,iplasticior glass as shown. 
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Figure 3-1Agate mortar pestle, XRD sample preparation 

3.3 Scanning Electron Microscopy 

Electron microscopesiareiscientificiinstrumentsiin which samples are investigated at 

very fine scales. SEMiisiuseditoivisualizeithe surface of the object and provide 

information about morphologyiofitheimateriali[64].iIn SEM electrons are produced by 

tungsten wire wheniitiisiheatedibyicurrent.iHighielectrical field gradient is provided to 

accelerate theielectrons.iInsideihighivacuumicolumn,ielectronicilenses are used which 

helped these “primaryielectrons”itoiconcentratediandidivertedito give rise to a narrow 

scan beam whichithenibombardionitarget.iElectrostaticiandi magneticifields are 

applied to controlitheidirectioniofitravellingiof electron beam. Area of object can be 

covered by scanningisimultaneouslyiinitwo perpendicular directions. Secondary 

electrons are producedifromieachimarkiofispecimen. The angle and velocity of these 

electrons are iniconnectioniwithisurfaceistructureiof object. Detector collect he 

secondary electronsitoiformitheiimageiof specimen [65].Parts and arrangements of SEM 

can be observed from Figure 12. 
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Figure 3-2 SEM Elaboration 
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Parts of SEM and Their Working: 

 

Figure 3-3 Working of SEM 

Although SEM is a large expensive piece of equipment still hey remain popular among 

researchers due to high resolution and detail image, produced by them [66]. 

3.3.1 Sample Preparation for SEM 

Sample preparationiplaysiaivitaliroleiwhenidealing with obtaining information’s from 

scanning electron microscopy. Toiobtainitheiproperiinformationisample should be made 

conductive. Metalsineedinoipreparationsitoibeiconductive as they are already conductor 

but nonconductors needitoibeicoatediwithiconductingimaterials. This job is usually 

performed by sputter coater.iFirstisampleiisicleanediwithiethanol and placed in ultra-

sonic bath for abouti20itoi25iminutes.iThanismalliamount of sample was deposited on 

already cleaned silicon wafersiwithihelpiofipipetteiandidried. Before maintaining sample 

in vacuum environmenticompleteidrynessiisiveryinecessary as water molecules can 

produce obscurityiiniimagesiafteriinteractingiwith electron beam. Then in order to make 

MoS2 conductive forielectronibeams,isputtericoateriwasiused which is shown in Figure 

10 Process of sputteringiwasicontinuediforiabouti15isecitoidepositia layer of gold on 

samples. After maintainisampleiinicleanienvironmentifori24ihours, samples are mounted 



31 

 

on sample stubs,iusingiconductiveidoubleicoatedicarbonitapeias an adhesive for this 

purpose. Stubs and tapes can be viewed in Figure 11. 

 

Figure 3-4 Scanning Electron Microscope 

 

Figure 3-5 Stubs for SEM Sample 

3.4 Fourier Transform Infrared Spectroscopy 

FTIR spectrometersi(FourieriTransformiInfrarediSpectrometer) has numerous 

applications and are broadly used in  
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• Organicicomposite,i 

• Macromoleculariscience,i 

• Petrochemicaliengineering,i 

• Pharmaceuticaliindustryi 

• Foodianalysis. 

In the 19thicentury,iinfraredilightsiwereidiscoverediwhich gave the scientists a new 

platform toiutilizeitheiinfraredilightiinimultipleiwaysiforidifferentipurposes [67]. 

Infrared spectrum containsitheivibratingimoleculesiwhich when show to infrared 

radiation, they absorb theiradiationiofiparticulariwavelengths, results in the change of 

dipole moment ofimolecules.iTheirienergyilevelichanges from ground state to excited 

state [68]. Vibrationalienergyigapitellsitheifrequencyiof the absorption peak. Vibrational 

freedom ofitheimoleculeiwilligenerateitheinumber of absorption peaks which will tell 

the change inidipoleimomentiandipossibleienergyilevelsitransition. Infrared spectrum 

can be used to gainitheiinformationiaboutitheistructurei[69]. The unique aspect of 

infrared absorption isiitsicapabilityitoianalyzeitheisamplesiin all three states. Most 

common used region of infrarediabsorptionispectroscopyiliesi4000i~ 400 cm-1  because 

the organic compoundsiandiinorganiciionsiabsorptioniregionifalls in this range [70]. 

3.4.1 Working of FTIR 

A common FTIR spectrometer has the following components  

➢ aisourcei 

➢ interferometer 

➢ sampleicompartmenti 

➢ detectori 

➢ amplifieri 

➢ A/Diconvertoriandi 

➢ aicomputeri[71]  

The source producesitheiradiationiwhich transfers the sample through the interferometer 

and fall onto detector.iAfteritheidetector,idetectitheisample it generates the signal which 

is then amplified by theiamplifieriandiconvertedito digital signal through analog-to-
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digital converter, respectively.iAfterward,itheisignal is transferred to a computer in 

which Fourier transformiisicarriediout.iFigure 13 is a blockidiagramiof an FTIR 

spectrometer whichialsoireflectsitheiworking of FTIR Spectrometer. 

 

 

Figure 3-6 Working of FTIR 

3.5 Raman Spectrometry 

C. V Raman isitheiIndianiphysicistiwho developed the Raman spectroscopy which is 

used to detect the different typesiofimovementsiiniaisystemie.g vibrational, rotational, 

and other withilowifrequencyi[72].iMonochromaticilight in the visible either close to 

infrared, or iultravioletirangeigeneratesitheiinelasticidispersion, or Raman scattering. 

The collision ofilaserilightiwithitheimolecules, changes the photons energy level [73]. 

The change in energyileveliwillitelliaboutitheivibrational modes in the system.  

When the lightihitsitheimolecule, it disturbsitheielectronicloud releases the photon and 

excites the molecule from itsigroundistateitoihighienergy level. When it relaxes, it 

releases the photon and returnsitoiaidifferentistate. This process is called Raman effect 

[74][75]. The difference inienergyiwillidetermineitheiemittediphoton frequency. If the 

final vibrational state ofitheimoleculeihasitheihigher energy than the initial state, than the 

emitted photon willibeimoveitoilowerifrequency, which keeps the total energy of the 

http://en.wikipedia.org/wiki/Visible_spectrum
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Infrared
http://en.wikipedia.org/wiki/Ultraviolet
http://en.wikipedia.org/wiki/Raman_scattering
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system inibalancedistate.iThisiphenomenaiof shift in frequency is called stokes shift. If 

the final state has theilowerienergyithanitheiinitialistate, emitted photon will be moved to 

higher frequency. Thisiphenomenoniisicalledianti-stoke shift [76]. 

3.5.1 Working of Raman Spectrometer 

Conventionally,ilaseribeamiisiuseditoiilluminate the sample which is collected with a 

lens and sent through a monochromatic.iDueito the elastic Rayleigh scattering some 

wavelengths lie closeitoitheilaserilineiareifilteredioutiwhileithe rest of the collected light 

is dispersed onto aidetectori[77].iTheimainidisadvantageiof the Spontaneous Raman 

scattering is itsiweakiscatteredilight,iwhichiisidifficultitoiseparate the weak in-elastically 

scattered lightifromitheiintenseiRayleighiscatteredilaser light [78]. Following figure 14 

represents theiworkingiofiRamanispectrometerigraphically. 

 

 

 

Schematic of Raman Spectrometer 

3.6 Transmission Electron Microscopy (TEM) 

In material science,itransmissionielectronimicroscopeiis the necessary tool as it is 

used to study theistructureiofisemiconductors.iTheiworkingiprincipal of TEM used 

the high energy beamiofielectronsiwhichiareithenifocusedion very thin samples. 

The interactions betweenitheielectronsianditheiatomsiact as a source to observe 

features [79]. 

http://en.wikipedia.org/wiki/Lens_(optics)
http://en.wikipedia.org/wiki/Rayleigh_scattering
http://en.wikipedia.org/wiki/Raman_scattering
http://en.wikipedia.org/wiki/Raman_scattering
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Parts of TEM 

Parts of TEM re shown in Figure 15. 

 

Figure 3-7 Parts of TEM 

 

3.6.1 Working of TEM 

The TEM usesitheielectroniforiits operation which gives the high optimal 

resolution for TEM images because of the smaller wavelength of electrons and 

help to seeitheifinestidetailsiofitheiinternalistructurei[80]. 
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3.7 Cyclic Voltammetry 

Electric cyclic voltammetryiisiaitypeiof potentio-dynamic which measures the 

electrochemical reaction. Foritheimostitime,ivoltammetryiis used to study the redox 

properties of the materials.iInitheiexperiment,isolutionicontainsithe electro active species 

and the three electrodesiwhileitheielectroipotentialiremainsisame during the experiment. 

The potential of the workingielectrodeiriseilinearlyias the time passes. Electrolyte is 

added in the solutionitoicheckitheiconductivity.iAll of these components collectively 

will determine the range of potential. In CV experiment, potential and current is 

measured betweenitheithreeielectrodes.iPotential is regulated between reference 

electrode and working electrodeiwhileicurrentiisiregulatediamong counter electrode and 

working electrode. Whenitheipotentialiequalsito reduction potential of analyte, current 

will elevate. After that, potentialiofiworkingielectrodeiwill increase in opposite direction 

and generateitheicurrentiofireverseipolarity.i 

The measurement is taking between current and working electrode verses applied 

voltage of workingielectrodeitoigiveicyclicivoltamogramitrace. 

The electro chemicalimeasurementsiareitakeniat room temperature by exercising the 

electro chemical workstation andiconfigureitheithreeielectrodes. The glassy carbon 

electrode was usediasiworkingielectrodeiandiplatinumias counter electrode. The PH 

meter wasiuseditoimeasureitheipHiofisolutioniinirealitime.i 



37 

 

 

Figure 3-8 Cyclic Voltammetry Setup 
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Chapter 4  

4 Results and discussion 

4.1 SEM 

Scanning electron microscopyi(SEM)iimagesialongiwith the energy-dispersive X-ray 

(EDS) for elemental analysisiwereiobtainedioniFEIiNovaiNanoSEM 450. MoS2 

Nanoparticles have beeniexhibitedibyiFigi1.iItiillustratesithatiMoS2 Nanoparticles have 

rod like nature as it hasibeenishowniinitheipictures.iEDXianalysis has also shown that 

Mo and Sulphide contentsihaveibeenipresentiinithisisample. While in Figure 2. ZnO 

Nanoparticles have been showniwhichiexhibitiarraysistructuresiat different resolutions 

and along with it EDX resultsihaveialsoibeenimatched.iLastlyiiniFig 3. the composite of 

ZnO/ MoS2 has been visualizediatidifferentiresolutions. It has been observed that ZnO 

particles have been successfullyicoatediontoitheiMoS2isurfacesiand later EDX studies 

also reveal theicompleteisynthesisiofiZnO/iMoS2icomposites. 
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Figure 4-1 SEM images and EDX analysis of MoS2 particles 
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Figure 4-2 SEM images and EDX analysis of MoS2ZnO 
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Figure 4-3 SEM images and EDX analysis of ZnO/MoS2 

4.2 X-Ray Diffraction 

The x-ray diffractioni(XRD)istudiesiwere accomplished by using CuKα radiations 

(λ=0.14056nm) to investigateipurityianditheicrystalistructure of MoS2, ZnO and 

MoS2/ZnO composite. TheipowderiX-rayipatterniof MoS2, ZnO and MoS2/ZnO 

composite has been showniinitheiFigurei1igivenibelowiwith reference to JCPDS card 

No. 65-0160 as MoS2 and JCPDSicardinumberi79-0205iasiZnO. XRD Pattern of all the 

samples which are showniiniFigureiconfirmsitheicrystalline nature of MoS2, ZnO and 

MoS2/ZnO composite. It has beeniobservedithatipeaksiof (100), (002), (101), (102), 

(110), (103), (112) are for ZnOiparticlesiwhileitheipeaksiofi(002), (004), (100), (110) 

assigned for MoS2 Nanoparticles. MoS2/ZnOicompositeiXRDishowed that peaks of both 

ZnO as well as MoS2iresidesiinitheicompositeiwhich clearly defines its formation. 

Additionally, the peaks intensityiofiZnOihasibeenienhancediwhichishows the sign of 

interaction between ZnOiandiMolybdenumidisulphide.iThe peak at 2Ɵ=32 ion 

composite is related to plane (100)iasiobservediforibothiingredientsiWhile the reflection 

peak at 58oin composite,iresemblesitoi(110)iplane. It is evident that the newly made 

composite has relativelyisharperipeakiati(002)iplaneiand this is an indication of 
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formation of relatively better crystalline MoS2 Nanoparticles. As a result, the hexagonal 

property as well as the crystallinity of the ingredients in the composite is retained. 

 

Figure 4-4 XRD of ZnO/ MoS2, ZnO and MoS2 

4.3 Raman Spectroscopy 

Crystal as well as StructuraliphasesiofiasipreparediZnOiNanoisheets,iMolybdenum  

Nano sheets and their hybrid ZnO/iMoS2iwasiexaminedibyiRamanispectroscopy as 

shown in fig---. The as preparedihybridishowedipeaksiati323,i435,i570iand 958 cm-

1. There is a buldge of MoS2iati958icm-1iinitheihybrid.iThe peak between 330-360 

cm-1 is associated to the molybdenumidisulfideivibrationalimode.iWhile on the other 

hand, the peak at 958icm-1iisiassigneditoitheiMoS2idefects,ipresenting the 

possibility of molybdenumioxysulfideiMoSxOyidueito the extremely energetic 

process in the presenceiofitheizincigranules. The latter can deliver itself oxygen 

source comprisingiimperfectionsidevelopingiinitheistructureiof the Nanostructured 

materials i.e. molybdenum disulfide. 

There is anomalous behavioriofiZnOiati874icm-1icouldibeithe result of impact created 

by MoS2 at their interface. WhileiiniZnO,itheipeakiati570icm-1ishows the existence of 

defects. On the other hand,itheipeaksiaroundi1126icm-1iand 330 cm-1 have been observed 
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due to the multiple phonon scattering process involvediinitheisynthesisiofithisikindiof 

hybrid.  

 

Figure 4-5 Raman Shift of MoS2, ZnO and MoS2/ZnO 

4.4 Band-gap calculation 

The ZnO sample absorptionispectrumicorrespondsithe strong band in the UV region and 

lighter band in the visibleiregion.iHowever,iMoS2/ZnOiCompositeishows absorption in 

both UV region andivisibleiregioniasitheicompositeiincludesitheiZnO.iFigures shows the 

bandgap evaluationiofiMoS2,iZnOiandiMoS2/ZnOicompositeivia Tauc plot. MoS2 shows 

a direct bandgap of 1.35eViandiZnOishowiaidirectibandgapiaround 3.23 eV while a 

direct bandgap of 2.207ieViisiobservediforiMoS2/ZnOicomposite.iThe widening of the 

MoS2 band gap in MoS2/ZnOicompositeihelpsiinitheiformationiof type-II (staggered) 

MoS2/ZnO heterostructure,ii.e.,itheiCBiofiexfoliatediMoS2iwas positioned above the CB 

of ZnO and the VBiofiZnOiwasipositionedibelowitheiVBiof MoS2. The positioning of 
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the bands was estimatedibasedionibandgapicalculatedifromiUV visible and theoretical 

work-functions [94]. Thisikindiofiarrangementiwillihelpiiniefficient charge carrier 

separation due toitheispatialidistributioniofibandsiwhichiseemsipromising. As the MoS2 

bandgap broaden, itialsoibringsitheiredoxipotentialiinitheibandgapiregioniof MoS2 in the 

composite whichiisitheimainielementiiniachievingitheisuperioriphoto catalytic 

performance [94] 

 

Figure 4-6 Band gap of MoS2 
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Figure 4-7 Band gap of ZnO 

 

Figure 4-8 Band gap of MoS2/ZnO composite 
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4.5 Electrochemical measurements 

Electrochemical workstationi(CHI660E,iChina)ihasibeeniused to perform the 

electrochemical experiments while the temperature is maintained at room temperature. 

Three electrodes wereiusediduringitheiexperiment.iAismalliamountiof ZnO, MoS2 and 

MoS2/ZnO were dispersediiniNafioniviaisonicationifor 30 minutes. The suspension was 

then immobilized on glassy carbon electrode (GCE) electrode via drop casting. The 

fabricated electrodes wereireferrediasiZnO/GCE,iMoS2/GCE and MoS2/ZnO/GCE and 

implied as the workingielectrodeiforicyclicivoltammetryiand amperometric 

measurements where Hg/Hg2Cl2 and Pt serves as the reference electrode and counter 

electrode respectively. TheivoltageiusediforiCyclicivoltammetry (CV) lies in the 

potential range +0.8 to -0.5 V atiscanirateiofi50imV/siandiamperometric response was 

carried out at -0.35 V in 0.1M PBS (7.0 pH) under the mild stirring. 

Electrochemical sensing of glucose 

4.6 Cyclic Voltammetry 

In order to analyze the sensingiabilityiofitheiZnO/GCE, MoS2/GCE and 

MoS2/ZnO/GCE, cyclic voltammogramsi(CVs)iandiamperometryiresponse was 

generated by the ZnO/GCE, MoS2/GCE and MoS2/ZnO/GCE and by measuring their 

electrochemical performance, it will tell the presence of glucose. CV curve obtained in 

the potential range of +0.8 to -0.5 V at a scan rate of 50 mVs-1  used to characterize the 

electrode.  

The normal CV scans ofitheiblankiGCE,iZnO/GCE,iMoS2/GCE and MoS2/ZnO/GCE 

are shown in Figure 27 TheiblankiGCEielectrodeishowed low current without any 

definite redox peak. InicaseiofiZnO/GCE,iaiwell-definedipairiof redox peaks at -0.3V 

and 0.25V was observed. Theseipeaksishowitheiincreaseiin the electrochemical activity 

of the electrode due to ZnOiNanostructure.iImmobilizingiMoS2 on GCE shows an 

oxidation peak at -0.35Vialongiwithitwoireductionipeaksiati-0.1Viandi0.1V. Moreover, 

an enhancementiinitheiredoxipeakicurrentivalue were also observed. On the other way 

round, a high elevation in the electrode peak current was noticed by 

incorporating/immobilizingiZnOiandiMoS2itogetherionitheisurfaceiof GCE. No obvious 
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change in theiredoxipeakipotentialsiwereiobservedifor MoS2/ZnO/GCE. Such a higher 

increase on the redox peakicurrenticanibeiallocateditoitheisynergisticieffects of both 

ZnO NPs and MoS2 as a sensing platform.  

 

Figure 4-9 CV curve of bare, MoS2 , ZnO and MoS2/ZnO electrode 

The MoS2/ZnO/GCEiwereifurtheriemployed for the detection of glucose by adding 

different glucose concentrationsioveriairangeiofi10µitoi500µM. A significant increase 

was observed initheiredoxipeakicurrentibyiincreasingiglucose concentration as shown in 

Figure 28.  
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Figure 4-10 CV curve of MoS2/ZnO electrode with glucose 

MoS2/ZnO/GCE wasialsoiinvestigatediforitheir potential scan rate effect on oxidation 

and reduction peaksicurrentigeneratedibyiMoS2/ZnO/GCE in the presence of glucose 

and shown in Figure 28. Asitheiscanirateiincreasesifromi10 mVs-1 to 90 mVs-1 , 

oxidation andireductionicurrentialsoiincrease for glucose. 

The linear fittingiofitheiredoxipeakicurrent w.r.t scan rate are presented in Figure 29 

which shows a linear dependenceiofitheioxidationiandireduction peak current over scan 

rate. This indicatesithatitheiglucoseiisioxidized at the surface of electrode by adsorption-

controlled process. 
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Figure 4-11 CV curves at different scan rates 

 

Figure 4-12 Anodic and cathodic linear fitting for sensitivity 

The normal amperometriciresponseiofitheiZnO/GCE, MoS2/GCE and MoS2/ZnO/GCE 

towards the successive additioniofiseveraliconcentrationsiof glucose at -0.35 V is 

presented in Figure 31. Iticanibeinoticedithatithe MoS2/ZnO/GCE showed a quick and 

sensitive response to the risingiconcentrationsiofiglucoseias compared to the ZnO/GCE 

and MoS2/GCE. The responseicurrentiofitheiMoS2/ZnO/GCEiis about 3 and 6 times 

higher than ZnO/GCE and MoS2/GCE respectively. In addition,  95% steady state 
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current was also attainedibyitheiMoS2/ZnO/GCEielectrodeiwithin less than 5 s. This 

demonstrate theiincreasedielectrocatalyticiactivityiand fast electron exchange behavior 

of the fabricatedielectrodeitowardsitheiglucose. 

 

Figure 4-13 Amperometric response of the ZnO/GCE, MoS2/GCE and MoS2/ZnO/GCE towards 

various concentrations of glucose 

Glucose detection hasishownithroughitheicorresponding calibration plot which is 

depicted in Figure 31.iTheiresponseicurrentiincreasesilinearly with increasing glucose 

concentration. TheiMoS2/ZnO/GCEielectrodeiprovidesia sensitivity of 45.121 µA mM-1 

with a wide linearirangei(10iµitoi2imM).iThe ZnO/GCE and MoS2/GCE present a 

sensitivity ofi20.929iµAimM-1iandi9.854iµAimM-1irespectively.i 
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Figure 4-14 Sensitivity of the ZnO/GCE, MoS2/GCE and MoS2/ZnO/GCE towards glucose 

In order to determineitheiLODi,ilowesticoncentrationiof the glucose was established 

which showed theelevationiinicurrentiaboveitheibaselineithat can be seen  reliable and 

clear.. Figure 33 showsitheiamperometriciresponseiofiMoS2/ZnO/GCE by adding lower 

concentrations of glucose.iTheielectrodeipossessiaicleariand noticeable enhancement in 

the  current generatedibyiaddingitheiglucoseiasilowiasi0.025µMiwhichiwas considered 

as the low detection limit (LOD) of the biosensor.  
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Figure 4-15 Detection limit of MoS2/ZnO/GCE based biosensor for glucose. 

Anti-interferences  

It is clear that the presence of someielectroactiveispeciesiin serum could affect the 

biosensor activity, thereforei,iiniorderitoiinvestigateithe anti-interference capability of 

the biosensor, electroactiveispeciesisuchiasiL-Cys,iurea,icholesteroliandiAAiiwas added 

. These species are repeatedlyimixediintoiaiconstantlyiagitatedi0.1iMPBisolution given 

the potential of -0.8iVipossessitheiscanirateiofi50imVis.iThe influence of L Cys, urea, 

cholesterol and AA onitheiglucoseidetectioniatitheimodifiedielectrodeiis shown in 

Figure 34. It is verifiedifromitheifigithatitheicholesterol,iureaiandiL-Cysishows a small 

increment in currentiaroundiabouti5%iwhichihaveinotianyinoticeableieffect on the 

biosensor. It is depictedifromiaboveiresultsithatitheiconstructedibiosensor possesses a 

satisfactoryianti-interferenceiability. 
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Figure 4-16 Effect of interfering species to the response of the MoS2/ZnO/GCE 

based biosensor 
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Figure 4-17 Stability of MoS2/ZnO/GCE based biosensor from day 1 to day 150. 

 

Figure 4-18 Amperometric response of MoS2/ZnO/GCE based biosensor in PB solution with 

increasing PH from 2 to 8 containing 100uM glucose. 

 



55 

 

4.7 Photocatalytic degradation of organic dyes  

MsO2/Zn Nanostructures also knowniforitheiriphotocatalyticiactivity and was assessed 

for three different organicidyes,imethyleneibluei(MB),irhodamineiBi(RhB),isandoz 

turquoise (ST) and sandoz yellow (SY). 

4.7.1 Photocatalytic degradation of Methylene Blue 

The MB samples wereiassessediandicollecteditheiUV-Visiabsorbanceispectra from the 

catalyst reactionimixtureiatiregulariintervaliofitime, which is shown in Fig 37. It is 

appeared that the UV-VisiabsorbanceimaximaiofiMBidecreaseiwith time when reaches 

to 620 and 675 nm and fadeiini22imin.iTheiabsenceioficatalystiduringithe irradiation did 

not affect the significant degradationiprocessiwhileiinitheipresenceiof MsO2/Zn the 

photocatalytic reactioniisiimprovesiandiMBidegradationicompletediin just 22 min. 

 

 

 

 

 

 

 

 

 

 

4.7.2 Photocatalytic degradation of Rhodamine B 

Fig. 38 shows the photocatalyticidegradationiofiRhBiwhich takes place in the presence 

of MsO2/Zn of the reactionimixture.iItiisievidentithatitheiMsO2/ZnOiNanostructures 

exhibit the quite highiphotocatalyticiactivityianditheiUV-Vis absorbance maxima of 

RhB at 560 nm fadeioffiwithitimeiandidisappeariin just 45 min. The photocatalytic 

Figure 4-19 Absorbance spectra of MB 
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reaction is absolutely rapidiasicompareditoitheiblankireactionias its degradation process 

of RhB reaches up to ~50% in just 24 min. 

 

Figure 4-20 Absorbance spectra of RhB 

 

4.7.3 Photocatalytic degradation of Sandoz Turquoise 

Fig. 39 shows the photo catalytic degradationiofisandoziturquoisei(ST)iin the presence 

of reaction mixture of MsO2/ZnO.iItiisiclearithatitheiMsO2/ZniNanostructures exhibit 

the quite high photocatalytic activityiandialsoishowediUV-Visiabsorbanceimaxima of 

ST at 620 and 690 nm declineiwithitimeiandidisappeariin just 24 min. The photocatalytic 

reaction shows the high activityiasicompareditoitheiblankireaction by completing the 

about ~90%iSTidegradationiinijusti24imin. 
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4.7.4 Photo-catalytic degradation of Sandoz yellow 

Fig. 4.7.5 shows the photo-catalytic degradation of Sandoz yellow (SY) in the presence 

of MsO2/Zn of the reaction mixture. it is clear that the photo catalytic activity of the 

MsO2/Zn Nanostructures is thoroughly fast and the UV-Vis absorbance maxima of ST at 

625 nm decline with time and fade off in just 16 min. The photo catalytic reaction is 

undoubtly fast when compared to the blank reaction, the degradation of ST reaches up to 

~95% in just 16 min (Fig. 3e). 

 

 

 

 

 

 

 

 

Figure 4-21 Absorbance spectra of sandoz turquoise 
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The photo catalytic degradation of organic dyes under UV illumination were conducted 

to evaluate the performances of prepared photo catalyst and it is illustrated in figure 41. 

MB dye solution had about 95% degradation efficiency after 18 min of irradiation, RHB 

dye solution had about 90% degradation efficiency is 22 min’s of irradiation, ST dye 

solution had about 88% degradation in 24 min’s while SY shows only 40% degradation 

efficiency in 25 min’s 

 

 

 

 

 

 

 

Figure 4-22 Absorbance spectra of sandoz yellow 

Figure 4-23 Degradation efficiencies of MB, ST ,RhB and SY 
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Table 1 The characteristics and performance of the produced hybrid nanostructure are compared 

to biosensors and photo catalysts previously described. 

Electrode Sensitivity 

(µ𝐀 𝐦𝑴−𝟏 𝒄𝒎−𝟐) 

Linear Range 

(mM) 

LOD (µM) Ref 

ZnO nanoparticle 38.133 1–10 N/A [96] 

Cu/CuO/ZnO 408 0.1–1 18 [95] 

ZnO 

nanowire/EµPAD 

8.24 0–15 5.95 × 10−2 [97] 

C@ZnO/GC 2.97 1–13.8 1 [98] 

Co3O4 nanofibers 36.3 0. 970uM – 

2.04mM 

0.97 [99] 

GOx/Pt-

DENs/PAni/CNT/Pt 

42 0.001–12 0.5 [100] 

GOx/PANI/PAN/Pt 67.1 0.002–12 2 [101] 

MoS2/ZnO  639.61 0.5um-5.5 0.025 Current 

work 

 

 

Catalyst Dye Efficiency 

(%) 

Irradiation 

source 

Time Ref 

MoS2/ZnO MB 92 UV light 21 Current 

work 

MoS2/ZnO RHB 50 UV light 24 Current 

work 

MoS2/ZnO Sandoz 

yellow 

95 UV light 18 Current 

work 

MoS2/ZnO Sandoz 

Turquoise 

90 UV light 23 Current 

work 

Au/Cu2O 

nanospheres 

mb 85 UV light 120 [102] 
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Cu@Cu2O 

nanocomposite 

MB 96.5 UV light 50 [103] 

Cu2O/ZnWO MB 90 UV light 90 [104] 

β-FeSe/g-C3N4 RHB 45 UV light 180 [105] 

g-C3N4 / SAPO-

5 

RHB 47.15 UV light 150 [106] 

R40-BiFeO3−X RHB 60 UV light 360 [107] 
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Conclusion 

In summary, a novel MoS2-ZnO catalyst was successfully synthesized and found to be 

bifunctional. It has been found that tailoring the band gap and creation of active sites 

plays a significant impact in increasing catalyst efficiency. A non-enzymatic 

electrochemical sensor, MoS2-ZnO/GCE-based glucose detection sensor has been 

discovered to be exceptionally sensitive. enhanced sensitivity of 639.12 μAµM−1 cm−2, 

Exceptional selectivity and long-term stability. In addition, the sensor also depicit the 

less sensitivity for the detection limit of 0.025 μM .It has a wide linear range, making it 

ideal for practical applications. In addition, the binary catalyst is found to be very 

efficient for the photodegradation of the toxic dyes. The binary catalyst's efficiency has 

enhanced Because of the change in band gap, Because of the change in band gap, 

creation of active sites and synergic effects of the MoS2 and ZnO.  Hence, these results 

demonstrate that bifunctional catalyst can be utilized for medical and environmental 

applications. 
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