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Abstract: The photocatalytic degradation of an aqueous 

solution of Vitamin B12  drug  has studied under different 

conditions in the presence of ZnO nanoparticles suspension. The 

effect of various parameters such as mass of ZnO, Vitamin B12  

drug  concentration and study Removal of a real sample 

(mixture of pharmaceuticals compounds) by using ZnO. Results 

showed that, the photo catalytic degradation process was high at 

the beginningT andT thenT decreasedT withT time.T TheT explainedT 

theT photoT catalyticT degradationT efficiency,T whichT wasT 

increasedT byT increasingT catalystT loadingT fromT 0.05T toT 0.2T g.T 

TheT degradationT efficiencyT decreasedT withT theT increaseT inT 

catalystT loading.T ResultsT alsoT showedT thatT theT rateT ofT photoT 

catalyticT degradationT wasT increasedT withT decreasingT VitaminT 

B12T drugT concentration. 

KeywordsT :T Photocatalytic,T Pharmaceutical,T VitaminT B12T 

drug,T ZnOT nanoparticles. 

I. INTRODUCTION 

PharmaceuticalsT areT frequentlyT detectedT inT treatedT 

wastewaterT arisingT fromT sewageT treatmentT plants,T fromT 

whichT theyT areT notT completelyT removed[1,T 2].T Moreover,T 

recentT studiesT haveT reportedT theT presenceT ofT tracesT orT 

ultra-tracesT (ngT L−1)T ofT PharmaceuticalsT inT drinkingT 

waterT [3,T 4].T ManyT ofT theseT compoundsT areT alsoT 

suspectedT toT haveT adverseT impactT onT humansT andT wildT 

lifeT [5,T 6]T .HugeT typesT ofT drugT usesT ledT toT polluteT theT 

surfaceT waterT andT groundwater.,T thereT areT differentT 

methodsT usedT forT waterT treatmentT inT ourT previousT 

work[7-10].T AdvancedT oxideT processesT (AOP)T methodT 

canT beT usedT toT wastewaterT treatment[11].T ItT hasT beenT 

abilityT toT convertT theT pollutantsT intoT theT harmlessT 

materials.T hydroxylT radicalsT (˙OH),T thisT reactiveT radicalT 

capableT ofT mineralizingT organicT pollutants[12]ZnOT isT anT 

importantT materialT forT variousT environmentalT andT 

technicalT applications,T e.g.,T photocatalysis,T dye-sensitizedT 

solarT cells,T photovoltaicT andT self-cleaningT 

materials.[13-15]T ItT existsT commonlyT inT natureT inT threeT 

phases:T anatase,T brookiteT andT rutile.T UnderT ambientT 

conditionsT microcrystallineT rutileT isT thermodynamicallyT 

stableT relativeT toT microcrystallineanataseT andT brookite.T 

However,T theT phaseT transitionsT betweenT theT threeT phasesT 

areT dependentT onT manyT factorsT suchT asT particleT size,T pH,T 

surfaceT energy,T andT solutionT chemistry.[16,T 17]T ForT 
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instance,T ifT theT particleT sizesT ofT theT threeT phasesT areT 

equal,T anataseT isT theT mostT thermodynamicallyT stableT 

phaseT forT crystalT sizesT belowT ca.T 11T nm,T brookiteT isT mostT 

stableT forT crystalT sizesT betweenT ca.T 11T andT 35T nm,T andT 

rutileT isT mostT stableT forT crystalT sizesT exceedingT 35T 

nm[18]. 

II. EXPERIMENTALT PART 

A. Materials 

CommercialT ZnOnanoparticlesT powderT wereT purchasedT 

fromT (sigma-Aldrich,T Germany)T ,T (T Methylcobalamin)T 

VitaminT B12T drugT wasT supportedT byT HilaT CompanyT ofT 

samaraT factoryT drug/T Iraq.T AllT chemicalsT usedT inT thisT 

studyT wereT analyticalT gradeT andT usedT directlyT withoutT 

furtherT purification.T VitaminT B12T chemicalT 

formula:C63H88CoN14O14P,T MW:T 1355.388T g•mol−1,T 

λmax530T nm]T TheT chemicalT structuresT areT shownT inT 

(Fig.T 1). 

 
Figure:T 1T ChemicalT structureT ofT (T Methylcobalamin)T 

VitaminT B12T drug 

B. PreparationT standardT solutions 

FreshlyT preparedT aqueousT solutionT ofT theT pureT drugsT 

.vitaminT B12toT prepareT stockT solutionT (1000T mg/L).T byT 

dissolvingT 1gmT ofT vitaminT B12T drugT inT distilledT waterT 

theT solutionT wasT madeT upT toT 1000T mLT withT distilledT 

water.T ConcentrationsT ofT drugT wereT determinedT byT 

findingT outT theT absorbanceT atT theT characteristicT 

wavelengthT usingT aT doubleT beamT UV/VisT 

spectrophotometerT (UV–VisibleT spectrophotometer,T 

ShimadzuT 1650).T CalibrationT curvesT wereT plottedT 

betweenT absorbanceT andT concentrationT ofT theT drugT 

solution. 
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C. PhotocatalyticT experiments 

TheT photoT catalyticT activityT ofT theZnOT nanoparticlesT 

photoT catalystT wasT evaluatedT byT theT degradationT ofT 

vitaminT B12T drugT wastewater.T AllT experimentsT wereT 

carriedT outT inT aT photo-reactionT vessel,T withT 200T mlT ofT 

totalT capacity.T AT 125T WT high-pressureT mercuryT lampT 

withT theT strongestT emissionT atT 530T nmT wasT usedT asT lightT 

source.T TheT beakersT wereT putT underT theT ultravioletT lightT 

maintainingT theT distanceT betweenT theT lightT sourceT andT 

theT surfaceT ofT theT solutionT controlledT byT usingT 

UVA-meterT (Dr.T Honle/Germany).PriorT toT eachT test,T theT 

lampT wasT turnedT onT andT warmT upT forT aboutT 15T minT inT 

orderT toT getT aT constantT output.T BatchT testsT wereT 

performedT asT theT followingT procedure,T 0.2T gT ZnOphotoT 

catalystT wasT addedT intoT 200T mLT drugT solutions,T theT 

mixtureT wasT stirredT inT darkT forT 15T minT toT allowT theT 

physicalT adsorptionT ofT drugT moleculesT onT catalystT 

particlesT reachingT theT equilibrium.T  

Subsequently,T theT mixtureT wasT pouredT intoT theT photoT 

reactorT andT beganT theT photoT catalyticT degradationT tests.T 

TheT reactionT solutionT wasT mixedT byT anT airT diffuser,T 

whichT wasT placedT atT theT bottomT ofT theT reactorT toT 

uniformlyT disperseT airT intoT theT solutionT withT aT flowT rateT 

ofT 0.1T ml/min. 

SamplesT wereT collectedT atT regularT intervalsT andT wereT 

immediatelyT centrifugedT toT removeT particlesT forT analysis.T 

TheT concentrationT ofT drugT wasT determinedT byT measuringT 

theT absorptionT intensityT atT itsT maximumT absorbanceT 

wavelengthT ofT λT =T 530T nm,T byT usingT aT UV–VisT 

spectrophotometerT (1650T Shimadzu,T Japan)T withT aT 1T cmT 

pathT lengthT spectrometricT quartzT cell,T andT thenT 

calculatedT fromT calibrationT curve.T  

EffectT ofT variousT operationalT parametersT suchT asT amountT 

ofT catalystT (0.5–2.0T gT L-1),T andT concentrationT ofT drugT 

(10–50T mgL-1)T onT theT photoT degradationT efficiencyT wasT 

studied.T TheT percentageT removalT ofT photoT catalyticT 

degradationT ofT VitaminT B12T drugT andT apparentT firstT 

orderT rateT constantT wereT calculatedT usingT theT followingT 

relationships 

 

 

Where,T C0T andT CtT areT theT initialT andT photolyzedT 

concentrationT (mg/L),T respectively,T PDET (photoT catalyticT 

degradationT efficiency),T tT isT timeT ofT irradiationT (min.)T 

andT kT isT theT apparentT firstT orderT rateT constantT (min-1). 

III. RESULTT ANDT DESICCATION 

EffectT ofT massT dosage 

TheT influenceT ofT theT photoT catalystT concentrationT (0.5T -T 

2T gL-1)T onT theT photoT catalyticdegradationT ofT VitaminT 

B12T drugT wasT investigatedT atT anT initialT VitaminT B12T 

drugT concentrationT ofT 10ppm,T lightintensityT (1.4T 

mW/cm2,T flowT rateT ofT O2T (5T mL.T min-1)T andT bufferT 

concentrationT ofT thesuspensionT pHT 6.[19] 

InT theT regionT lessT thanT 2T gL-1,T whenT theT massT dosageT 

wereT increased,T theT rateT ofT degradationT wasT increasedT 

becauseT theT numberT ofT activeT sitesT increased.T InT theT 

regionT betweenT 0.5-2gL-1,T showsT anT approximatelyT 

plateauT curveT whichT indicatesT theT numbersT ofactiveT sitesT 

haveT anT equilibriumT betweenT theT numbersT ofT photonT 

inducedT thatT absorbedT byT theT catalystT andT aT particleT ofT 

drugT adsorbed[20-22].Fig.2T representsT theT percentT 

degradationT ofT VitaminT B12T drugT againstT theT differentT 

amountT ofT catalyst.T ThisT showsT thatT theT percentT 

degradationT ofT modifiedT catalystsT increaseT withT increaseT 

inT theT amountT ofT catalystT from0.5T -T 2T gL-1
T andT aboveT 

thisT limitT thereT isT notT muchT change.T [20-22].T ThisT 

indicatedT thatT theT activeT siteT providedT forT theT adsorptionT 

ofT substrateT onT theT catalystT surfaceT isT limitedT toT catalystT 

amountT ofT 1.5T gL-1
T andT afterT thatT lowT changeT inT theT 

degradation.T AtT higherT dosageT theT vacantT sitesT areT 

consumedT byT theT intermediateT productsT obtainedT duringT 

theT reactionsT whichT retardT furtherT degradationT ofT theT 

substrate.T HenceT theT percentT degradationT decreasedT orT 

retainedT withoutT aT noticeableT changeT [23-27].T 

 

 

Figure.2.TheT effectT massT ofT ZnOonT PhotocatalyticT 

degradationT ofT VitaminB12T drugExperimentalT 

Conditions:T initialT concentrationT 10ppm,T Temp.T 25T 
oC,T 

andT L.I.T 1.4T mW.cm-2. 

 

RemovalT ofT aT realT sampleT (mixtureT ofT 

pharmaceuticalsT compounds)T byT usingT ZnO 

T AT realT sampleT 200T mlT ofT pharmaceuticalT pollutantsT withT 

aT refryT concentrationT wereT usingT inT thisT study,T thenT 

addedT beakersT inT theT presenceT ofT 2T gL-1
T fromT ZnO,T afterT 

thatT theT mixtureT theT beakerT 

wasT putT underT theT ultravioletT 

lightT maintainingT theT 
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distanceT betweenT theT lightT sourceT andT theT surfaceT ofT theT 

solutionT controlledT byT usingT UVA-meterT (Dr.T 

Honle/Germany)forT 1T hr,T afterT thatT theT supernatantT wereT 

separatedT byT centrifugeT andT measuredT theT remainingT 

concentrationT byT usingT UV-VisibleT spectrophotometerT atT 

aT chosenT wavelengthT atT 530T nmT showT inT fig.3T andT foundT 

whenT timeT increaseT theT absorptionT decreaseT andT gaveT 

higherT percentageT removal[28]. 

 

 

 

 

FigureT 3:T EffectT RemovalT ofT aT realT sampleT (mixtureT ofT 

pharmaceuticalsT compounds)T byT usingT ZnOT .T 

ExperimentalT Conditions:T massT amountT 2T g.L-1,initialT 

concentrationT 10ppm,T Temp.T 25T 
oC,T andT L.I.T 1.4T 

mW.cm-2. 

TheT EffectT ofT initialT VitaminT B12T drugT concentrationT 

onT photoT catalyticT degradationT processesT : 

 

TheT effectT ofT changeT initialT (T 10T –T 50T mg/LT )T onT 

PhotocatalyticT degradationT processT ofT VitaminT B12drugT 

wasT studiedT usingT 2gL
-1

T ,T theT lightT intensityT equalT to1.4T 

mW/cm2,T andT temperatureT equalT toT 298T KT .T TheT resultsT 

areT plottedT inT Fig.4T ItT hasT beenT observedT thatT theT rateT ofT 

PhotocatalyticT degradationT graduallyT decreasesT withT theT 

increasingT ofT initialT VitaminT B12T drugT concentration.T 

ThisT behaviorT couldT beT explained,T theT concentrationT 

10ppmT wasT theT optimumT concentrationT toT coverT theT 

largestT areaT ofT theT ZnOT particles,T thereforeT absorbedT 

maximumT excitingT photonsT toT generateT higherT 

concentrationT ofT theT activatedT ZnOT semiconductor.T 

AnotherT reasonT forT thisT behaviorT isT theT strongT absorptionT 

ofT lightT byT theT VitaminT B12T drugT theT sampleT whichT 

containT highT concentrationT thatT 10ppm,T VitaminT B12T 

drugT onT 2gT /L-1
T ofZnO.T TheT excessT ofT VitaminT B12T drugT 

preventT theT penetrationT ofT lightT throughT theT successiveT 

layersT ofT VitaminT B12T drugT onT theT ZnOT surfaceT isT weakT 

toT generateT theT requiredT excitedT stateT ofT theT VitaminT B12T 

drugT onT ZnO[29][12,T 30].T TheT concentrationT ofT VitaminT 

B12drugT 10ppmT givesT theT optimumT PhotocatalyticT 

degradationT efficiencyT whichT isT equalT toT 100T %.T TheT 

resultsT ofT theT changeT inT percentageT PhotocatalyticT 

degradationT efficiencyT (ET %)T withT concentrationT ofT 

VitaminT B12drugT plottedT inT Fig.5. 

 

 

 
FigureT 4:T PhotoT catalyticT degradationT ofT B12T drugT atT 

differentT initialT concentration.T ExperimentalT Conditions:T 

massT amountT 2T g.L-1,T Temp.T 25oC,T andT L.I.T 1.4T mW.cm-2. 

 
FigureT 5:T percentT removalT B12T drugT atT differentT initialT 

concentration.T ExperimentalT Conditions:T massT amountT 2T 

g.L-1,T Temp.T 25oC,T andT L.I.T 1.4T mW.cm-2. 
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IV. CONCLUSION 

TheT obtainedT resultsT showT thatT VitaminT B12T drugT canT 

beT easilyT degradedT byT aT ZnOassistedT processT inT aqueousT 

dispersionsT underT UVT irradiation.T TheT photoT degradationT 

ofT theT drugT followsT firstT orderT kineticsT andT parametersT 

likeT theT ZnOT concentration,T initialT drugT concentrationT 

affectT theT photoT degradationT effect.T TheT resultsT indicatedT 

thatT theT catalystT loading,T lightT intensityT andT theT initialT 

drugT concentrationT affectedT theT degradationT efficiencyT ofT 

ZnOT powdersT obviously.T WeT learnedT thatT theT photoT 

degradationT efficiencyT isT enhancedT withT theT increaseT ofT 

catalystT loadingT andT theT reverseT effectT isT obtainedT withT 

theT increaseT ofT initialT drugT concentrationT inT ourT 

experiments.T TheT photoT catalyticT decompositionT ofT 

VitaminT B12T drugT wasT mostT efficientT inT theT solutionT atT 

lowerT initialT concentration. 
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