
Materialscientistsandengineersareengagedindevelopingavarietyofrecipesforproducingfunctionalmaterials,

comprisedofparticleswithuniformmorphologicalfeatures. Thereisaneedtodevelopconditionsforthesynthesis

ofanumberofinorganicandceramicsystemsinpureandincore-shellconfigurationscomprisingofmonodispersed

particles.Theyareofgreatrelevanceandimmensetechnologicalimportance.Forexample,zincoxide(ZnO)particles

ofreasonableuniformityemployedtofabricateplanarchemicalsensorsforthedetectionofethanol,ammonia,and

automobileexhaustgaseshaveshownthatthesensitivityandresponse/recoverytimeofthesesensorswerebetter

thanthosemadewithcommercialZnOpowder. Oneof theobjectivesof thiscollaborativeinvestigationwasto

understandtheroleofstartingprecursors,experimentalconditionsandshape-modifyingadditivesthatcontroland

impartexoticmorphologies.Anotherobjectiveistooptimizetheprocessparametersforhigheryield.Thetechnique

willbeextendedtodoubleandhigheroxidesofrelevanceanddirectimpactintherenewableenergyarena.
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EXPERIMENTAL DETAILS

Materials
ÅZinc nitrate hexhydrate

ÅUrea

ÅHexmethylene tetramine

ÅEthanol

ÅEthylene glycol

Fabrication Protocol
ÅMake zinc nitrate, hexmethylene tetramine and urea solutions

ÅHeat urea to boiling & add ZN; heat HETA to boiling & add ZN

ÅHeat ZN with EG or EtOH and add urea or HETA

ÅMix equal volume of equimolar ZN and HETA and age in a 

sonicator at 70ěC for 2, 4 and 8h.

Characterization
ÅXRD, SEM and EDS

Sial ZN + Urea (500 ml batch): without (L) and with (R) 4% ethylene glycolSial ZN + HETA (200 ml batch): with 4.5% EG (L) vs. with 4.5% EtOH (R)Sial ZN + Urea: 200 ml (L) vs. 500 ml batch (R)

ZN + Urea (500 ml batch): aged for 5min. ZN + Urea (500 ml batch): aged for 10min. ZN + Urea (500 ml batch): aged for 15min.

ZN + Urea +4% ethylene glycol (500 ml batch) aged for 15 min: no urea pre-heating & urea pre-heating for 30 min. 500 ml batch solution aged for 15 min: 0.014 M ZN + 0.17 M Urea (L) and 0.028M ZN + 0.17 M Urea (R)

500 ml batch of L: Urea + ZN (Fischer, ca. 1992)  and R: Urea + ZN (Sigma-Aldrich, ca. 2010)

ZN+HETA (1:1mol): 70ºC/4h0.035M ZN+0.4M Urea:100 ml/20 min.0.007M ZN+4v% EG+0.08M Urea: 500 ml/30 min.0.014M ZN+0.17M Urea: 500 ml/45 min.0.009M ZN+0.11M Urea: 750 ml/60 min.

Heat 680 ml of (0.01M ZN+3v% EG) for 20 min. 

Add 20 ml of 4M Urea and heat mixture for 20 min.

0.035M ZN+10v% EtOH+0.5M Urea: 100 ml/½ h 


