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Magnesia (province in Asia Minor) Magnesia (province in Asia Minor) →→ lodestone (magnetite) lodestone (magnetite) →→ magnetismmagnetism

1. 1. History of iron oxidesHistory of iron oxides
Iron oxides Iron oxides →→ a a magnet magnet →→ rise of new branch of physics rise of new branch of physics →→ MAGNETISMMAGNETISM

11stst records:records:
•• Ancient MesopotamiaAncient Mesopotamia : iron oxides used in weights from the late third : iron oxides used in weights from the late third milleniummillenium BC BC 
(different iron(different iron ores such as magnetite for making cylinder seals fr om 2000 BC).ores such as magnetite for making cylinder seals fr om 2000 BC).
•• In In Ancient MesopotamiaAncient Mesopotamia , magnetite referred to as , magnetite referred to as „„ grasping hematitegrasping hematite ““ ((„„ shadanushadanu sabitusabitu ““ ) ) 
in a list of commodities.in a list of commodities.
•• Properties of magnetsProperties of magnets : Greece : Greece →→ 66thth century BC, century BC, Thales of MiletusThales of Miletus (c. 640(c. 640--546 BC): 546 BC): „„ A A 
mmagnetagnet has a soulhas a soul ““ ..
•• The name The name „„ magnetmagnet ““ : 1: 1stst centrurycentrury BC, Lucretius (95BC, Lucretius (95 --55 BC).55 BC).

ApplicationsApplications : 83 AD : 83 AD →→ SouthSouth --pointing spoonpointing spoon (China, (China, LunLun HengHeng : : „„ Discourses Weighted in Discourses Weighted in 
the Balance); 1080 AD the Balance); 1080 AD →→ Chinese description of Chinese description of magnetic needle compassmagnetic needle compass ..



1. 1. History of iron oxidesHistory of iron oxides

SouthSouth --pointing spoon (from lodestone)pointing spoon (from lodestone)

MMagnetic needle agnetic needle 
compasscompass

(needle from(needle from
lodestonelodestone

and/or iron)and/or iron)



2. 2. CurrentCurrent cclassificationlassification of of nonhydratednonhydrated iron oxidesiron oxides

αα--FeFe22OO33, , γγ--FeFe22OO33, , andand FeFe33OO44

•• natural abundancenatural abundance
•• bulk andbulk and nanoscaled characternanoscaled character

•• diversity of synthetic routesdiversity of synthetic routes

ββ--FeFe22OO33, , εε--FeFe22OO33, , and amorphous Feand amorphous Fe 22OO33

•• rare formsrare forms
•• not found in nature not found in nature 

((except except εε--FeFe22OO33 as as a a biogenic compound)biogenic compound)
•• only as nanoscaledonly as nanoscaled

•• unique morphologiesunique morphologies
•• difficult to preparedifficult to prepare them as single phasethem as single phase ss

•• thermally unstablethermally unstable



2. 2. CurrentCurrent cclassificationlassification of of nonhydratednonhydrated iron oxidesiron oxides

FeOFeO
((wustitewustite ))

FeFe33OO44
(magnetite)(magnetite)

αα--FeFe22OO33
(hematite)(hematite)

ββ--FeFe22OO33

εε--FeFe22OO33γγ--FeFe22OO33
((maghemitemaghemite ))



αα--FeFe22OO33
PhotocatalysisPhotocatalysis →→ solar cell solar cell 

applicationsapplications →→ chemical storage chemical storage 
of solar energyof solar energy →→ water splittingwater splitting

γγ--FeFe22OO33/Fe/Fe33OO44

Biophan Technologies, Inc.

Guided Drug DeliveryGuided Drug DeliveryGuided Drug DeliveryGuided Drug Delivery

Solid tumor

Apply magnetic 
field to concentrate 
particles

Modulate field to 
release drug from 
particles

Inject NMPs IV,
NMP will circulate 
through the blood stream

Other options for targeting:
1 - Direct injection into 
tumor site
2 - Coating NMP with 
antibodies to target tumor

MedicineMedicine
εε--FeFe22OO33

TechnicalTechnical applicationsapplications



33. Zero. Zero --valentvalent iron nanoparticles and their applicationsiron nanoparticles and their applications
Why Why nanoscalenanoscale zerozero --valentvalent iron nanoparticles (iron nanoparticles ( nZVInZVI)?)?

•• Unusual properties compared to bulk ironUnusual properties compared to bulk iron (e.g., extremely (e.g., extremely 
small size (down to 3small size (down to 3 --30 nm), large surface area, low 30 nm), large surface area, low 
standard reduction potential, high reactivity)standard reduction potential, high reactivity) ;;
•• High potential for application in environmental inHigh potential for application in environmental in --situ situ 
techniquestechniques ..

Methods of synthesis of Methods of synthesis of nZVInZVI
1). 1). SonochemicalSonochemical ;;
2). Electrochemical2). Electrochemical ;;
3). Gas phase reduction3). Gas phase reduction ;;
4). Liquid phase reduction (4). Liquid phase reduction ( borohydborohyd --
ride reduction)ride reduction) ;;
5). Ball5). Ball --millingmilling ;;
6). Cryogenic milling6). Cryogenic milling ;;
7). Solid7). Solid --statestate reductionreduction ofof FeFe--bearing bearing 
precursors at high temperaturesprecursors at high temperatures ..

NonNon --isothermal and isothermal heat treatment of suitabl e precursor uisothermal and isothermal heat treatment of suitabl e precursor u nder hydrogennder hydrogen

PrecursorsPrecursors : : ferrihydriteferrihydrite (Fe(Fe55HOHO88··4H4H22O), O), goethitegoethite ((FeOOHFeOOH), ), maghemitemaghemite ((γγ--FeFe22OO33), magnetite ), magnetite 
(Fe(Fe33OO44), ), hematitehematite ((αα--FeFe22OO33))



33. Zero. Zero --valentvalent iron nanoparticles and their applicationsiron nanoparticles and their applications
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Laboratory and pilot applications of Laboratory and pilot applications of nZVInZVI
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