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General General elementalelemental propertiesproperties

AtomicAtomic numbernumber: 9: 9

AtomicAtomic weightweight: 18,998: 18,998

ElectronElectron configurationconfiguration: 1s: 1s222s2s222p2pxx
222p2pyy

222p2pzz
11

ElectronegativityElectronegativity ((AllredAllred –– RochowRochow scalescale): 4,10): 4,10

IonicIonic radiusradius FF-- : 1,36 : 1,36 ÅÅ

CovalentCovalent radiusradius F: 0,71 F: 0,71 ÅÅ
MeltingMelting pointpoint: : --219,6 219,6 00CC
BoilingBoiling pointpoint: : --187,5 187,5 00CC



ElectronegativityElectronegativity

DimensionlessDimensionless
quantityquantity!!

AbilityAbility ofof anan
atom to atom to attractattract
electronselectrons
towardstowards itselfitself in in 
a a covalentcovalent
bondbond



OccurenceOccurence andand productionproduction

0,066 0,066 wtwt. % in . % in naturenature

DueDue to to highhigh reactivityreactivity, it , it cancan
not not bebe foundfound in in elementaryelementary
statestate

Most Most commoncommon mineralsminerals::

fluoritefluorite, CaF, CaF22

apatiteapatite, Ca, Ca55F(POF(PO44))33
cryolitecryolite, Na, Na33AlFAlF66



CryoliteCryolite, Na, Na33AlFAlF66

FirstFirst describeddescribed: 1799 : 1799 
fromfrom a a depositdeposit in in IvigtutIvigtut, , 
WestWest GreenlandGreenland. . 
HistoricallyHistorically: : oreore ofof
aluminiumaluminium
TodayToday: : electrolyticelectrolytic
processingprocessing ofof bauxitebauxite, , 
AlAl22OO3 3 ((lowerslowers thethe
meltingmelting pointpoint fromfrom
>> 2000 2000 00C to C to << 1000 1000 00CC

http://en.wikipedia.org/wiki/File:Cryolite.jpg


HistoryHistory

1530: 1530: ‘‘fluorsparfluorspar’’ ((mainlymainly CaFCaF22) ) firstfirst describeddescribed
1670:  1670:  glassglass is is etchedetched whenwhen exposedexposed to to fluorsparfluorspar
treatedtreated withwith acidacid
1700s: 1700s: hydrofluorichydrofluoric acidacid is is easilyeasily obtainedobtained byby treatingtreating
fluoritefluorite withwith concentratedconcentrated sulfuricsulfuric acidacid
1800s: 1800s: manymany unsucessfullunsucessfull attemptsattempts to to produceproduce
elementalelemental fluorinefluorine fromfrom H, H, veryvery dangerousdangerous -- killingkilling or or 
blindingblinding severalseveral scientistsscientists -- ""fluorinefluorine martyrsmartyrs" " 



MoissanMoissan methodmethod (1886): (1886): isolationisolation possiblepossible onlyonly byby
electrolysiselectrolysis, , therethere is no is no strongerstronger oxidizingoxidizing agentagent::
CaFCaF22 + H+ H22SOSO4 4 →→ CaSOCaSO44 + 2 HF+ 2 HF
HF + KF HF + KF →→ KHFKHF22

KHFKHF2 2 →→ 2 KF + H2 KF + H22 + F+ F22

HighHigh temperaturetemperature
electrolysiselectrolysis atat 24024000C C 
((steelsteel anodeanode) ) oror lowlow
temperature temperature electrolysiselectrolysis
atat 909000C (Ni C (Ni // C anodC anodee))

Ferdinand Ferdinand FredericFrederic HenriHenri MoissanMoissan, 1852 , 1852 -- 1907 (1907 (NpNp 1906)1906)



ElectrolyticElectrolytic cellcell::

LowLow conductivityconductivity ofof HF!HF!
MeltingMelting temperaturestemperatures::
KFKF··HF: 217 HF: 217 00CC
KFKF··2HF: 72 2HF: 72 00CC
KFKF··3HF: 66 3HF: 66 00CC

HF: HF: veryvery pure,pure,
no no tracestraces ofof
waterwater!!
separatingseparating
HH2 2 / F/ F2 2 !!!!



FF2 2 productionproduction plantplant ((EnglandEngland):):



IsolatingIsolating FF2 2 byby chemicalchemical reactionreaction::

Karl O. Karl O. ChristeChriste, , UniversityUniversity ofof SouthSouth CaliforniaCalifornia, LA , LA 
(1986): (1986): 

KK22MnFMnF66 + 2SbF+ 2SbF55 →→ 2KSbF2KSbF66 + MnF+ MnF44

2MnF2MnF44 →→ 22MnFMnF33 + F+ F22



FF2 2 moleculemolecule,, chemicalchemical propertiesproperties ofof fluorinefluorine

Bond Bond lengthlength: 1,44 : 1,44 ÅÅ
ShortShort bondbond: : strongstrong repulsionrepulsion
ofof nonbondingnonbonding electronelectron
pairspairs →→ weakweak bondbond →→
highlyhighly reactivereactive element!element!
reactsreacts withwith allall elementselements
otherother thanthan HeHe, Ne in Ar, Ne in Ar
reactionsreactions are are stronglystrongly
exothermicexothermic



Some Some examplesexamples ofof reactionsreactions ofof elementalelemental fluorinefluorine::

2H2H22O + 2FO + 2F2 2 →→ OO2 2 + 4HF (+ 4HF (explosiveexplosive!)!)

SimilarSimilar stronglystrongly exothermicexothermic reactionsreactions withwith allall
hydrogenhydrogen containingcontaining compoundscompounds, e. g.  H, e. g.  H22S, NHS, NH33, , 
HH22OO
ReactsReacts withwith HH22 in in darkdark atat --20020000CC
ByBy fluorinatingfluorinating, , manymany elementselements form form compoundscompounds
withwith thethe highesthighest possiblepossible oxidationoxidation statestate (e. g. PF(e. g. PF55, , 
SFSF66, IF, IF77))
WithWith metalsmetals, , thethe reactionsreactions are are oftenoften moderatemoderate, , atat
roomroom T T andand normalnormal pressurepressure pasivisationpasivisation ofof metalsmetals
DryDry F F atat roomroom T T doesdoes not not reactreact withwith glassglass!!



Most Most importantimportant fluorinefluorine compoundscompounds

HFHF: : synthesissynthesis fromfrom elementselements theoreticallytheoretically possiblepossible, , butbut
inconvinientinconvinient, , expensiveexpensive, , dangerousdangerous! ! 

IndustrialIndustrial methodsmethods::
CaFCaF22 + H+ H22SOSO44 →→ CaSOCaSO44 + 2HF+ 2HF

2Ca2Ca55F(POF(PO44))3 + 3 + 7H7H22SOSO44 →→ 3Ca(H3Ca(H22POPO44) + 7CaSO) + 7CaSO44 + 2HF+ 2HF

AnomalousAnomalous highhigh boilingboiling pointpoint (HF +19(HF +1900C; C; HClHCl --858500C, C, 
HBrHBr --676700C, HI C, HI --353500C) C) –– trytry to to explainexplain whywhy!!



Most Most importantimportant propertiesproperties ofof HFHF

HighHigh dipole moment, dipole moment, goodgood solventsolvent, , manymany physicalphysical
propertiesproperties similarsimilar to to waterwater →→ misciblemiscible in in allall
proportionsproportions
ProtoliticProtolitic equilibriumequilibrium: : 

HF + HF HF + HF ↔↔ HH22FF++ + F+ F-- (K = 1(K = 1··1010--1010))
HNOHNO33 reactsreacts as a base (!) in as a base (!) in liquidliquid HF:HF:

HNOHNO3 3 + HF + HF →→ HH22NONO33
+ + + F+ F--

VeryVery fewfew compoudscompouds reactreact as as acidsacids in HF:in HF:
SbFSbF55 + 2HF + 2HF →→ HH22FF++ + SbF+ SbF66

--

AqueousAqueous solutionsolution ((hydrofluorichydrofluoric acidacid) is a ) is a weakweak acidacid::
HF + HHF + H22O O →→ HH33OO++ + F+ F-- (K = 7,2 (K = 7,2 ··1010--44))



ReactionReaction withwith glassglass::

SiOSiO22(s(s) + 4 HF() + 4 HF(aqaq) ) →→ SiFSiF44(g)(g) + 2 H+ 2 H22O(l) O(l) 
SiOSiO22(s) + 6 HF((s) + 6 HF(aqaq) ) →→ HH22[SiF[SiF66](](aqaq)) + 2 H+ 2 H22O(l)O(l)

WorkingWorking withwith HF HF usingusing
glasswareglassware is is impossibleimpossible!!

UseUse: : etchingetching ofof glassglass



OxocompoundsOxocompounds ofof fluorinefluorine

2F2F22 + 2NaOH + 2NaOH →→ 2NaF + OF2NaF + OF22 + H+ H22OO

ColourlessColourless gasgas, , veryvery toxictoxic, , stablestable, , doesdoes
not not reactreact withwith waterwater

OO22FF22:: preparedprepared byby subjectingsubjecting a 1:1 a 1:1 
mixturemixture ofof gaseousgaseous fluorinefluorine andand
oxygenoxygen atat lowlow pressurepressure to to anan electricelectric
dischargedischarge ((OttoOtto RuffRuff, 1933), 1933)

UnstableUnstable, , strongstrong oxidizingoxidizing andand
fluorinatingfluorinating agentagent



IndustrialIndustrial useuse ofof fluorinefluorine
a) a) enrichmentenrichment ofof uraniumuranium

NaturalNatural uraniumuranium: 99.2% U: 99.2% U--238, 0.8% U238, 0.8% U--235235
Problem: Problem: onlyonly 235235U is U is fissionablefissionable byby thermalthermal
neutronsneutrons
LowLow –– enrichedenriched uraniumuranium ((reactorreactor grade): min. 3grade): min. 3--4% 4% 
UU--235235
HighlyHighly enrichedenriched uraniumuranium ((weaponsweapons grade) min. 80 grade) min. 80 ––
90% U90% U--235235

IsotopeIsotope separationseparation: : difficultdifficult, , energyenergy intensiveintensive
((235235U is U is onlyonly 1.26% 1.26% lighterlighter thanthan 238238U)U)



UFUF66 ((hexhex))
UU33OO88 + HNO+ HNO33 →→ UOUO22(NO(NO33))22
UOUO22(NO(NO33))2 2 + NH+ NH33 →→ (NH(NH44))22UU22OO77
(NH(NH44))22UU22OO7 7 + H+ H22 →→ UOUO22
UOUO2 2 ++ 4HF4HF →→ UFUF44 + 2H+ 2H22OO
UFUF44 + F+ F22 →→ UFUF66 (g)(g)

SeparationSeparation byby gasseousgasseous diffusiondiffusion: : forcingforcing UFUF66 throughthrough
semisemi--permeablepermeable membranesmembranes ((obsoleteobsolete, , energyenergy ––
consumingconsuming, , separationseparation factorfactor perper stagestage 1,005)1,005)
SeparationSeparation byby or or gasgas centrifugescentrifuges: : centrifugalcentrifugal forceforce
pressespresses UU--238 238 towardtoward thethe outsideoutside ofof thethe cylindercylinder ((lessless
energyenergy consumingconsuming, , separationseparation factorfactor perper stagestage 1,3)1,3)

560000 560000 tonnestonnes ofof depleteddepleted UFUF66 onlyonly in in thethe USA!USA!

http://upload.wikimedia.org/wikipedia/commons/e/ea/Uranium-hexafluoride-2D.png


IndustrialIndustrial useuse ofof fluorinefluorine
b) b) FluorochlorohydrocarbonsFluorochlorohydrocarbons

FreonesFreones ((CFCsCFCs): ): tradetrade name name forfor a a groupgroup ofof
chlorofluorocarbonchlorofluorocarbon andand hydrochlorofluorocarbonhydrochlorofluorocarbon
compoundscompounds::

CClCCl33F (F (freonfreon 11)11)
CClCCl22FF2 2 ((freonfreon 12)12)
CC22ClCl33FF33 ((freonfreon 113) 113) 

2 2 isomeresisomeres: CCl: CCl33--CFCF3 3 ,  CCl,  CCl22FF--CClFCClF22

GreatGreat propertiesproperties: : odorlessodorless, , colorlesscolorless, , nonflammablenonflammable, , 
noncorrosivenoncorrosive -- ideal ideal forfor useuse in in airair conditioningconditioning, , 
refrigerationrefrigeration andand firefire--fightingfighting systemssystems. . 



DevelopedDeveloped in 1930 (in 1930 (MigdleyMigdley, , KetteringKettering) as ) as anan
alternative to alternative to thethe toxictoxic gasesgases thatthat werewere previouslypreviously
used as used as refrigerantsrefrigerants: NH: NH33, SO, SO22, CH, CH33ClCl
WW2: WW2: useuse as as automaticautomatic firefire extinguishersextinguishers in in aircraftaircraft
1960s: CBrF1960s: CBrF33 (halon 1301)(halon 1301)

CFCF22ClBr (halon 1211)ClBr (halon 1211)

amongamong thethe most most effectiveeffective firefire--fightingfighting materialsmaterials
discovereddiscovered!!
ByBy thethe late 1960s: standard in late 1960s: standard in applicationsapplications wherewhere
waterwater andand drydry--powderpowder extinguishersextinguishers posedposed a a threatthreat ofof
damagedamage to to thethe protectedprotected propertyproperty, , includingincluding
computercomputer roomsrooms, , telecommunicationstelecommunications switchesswitches, , 
laboratorieslaboratories, , museumsmuseums andand artart collectionscollections



1974: 1974: firstfirst warningswarnings ofof damagedamage to to stratosphericstratospheric ozoneozone
((MolinaMolina, , RowlandRowland))

Late 1980s, Late 1980s, earlyearly 1990s: 1990s: 
conventionsconventions forfor outphasingoutphasing
freonesfreones andand ((partiallypartially) ) haloneshalones
fromfrom productionproduction ((exceptionexception: : 
CivilianCivilian andand militarymilitary aircraftaircraft!)!)

PossiblePossible replacementsreplacements: : hydrofluorocarbonshydrofluorocarbons, , HFCsHFCs
1,1,1,21,1,1,2--tetrafluoroethanetetrafluoroethane, CF, CF33--CHCH22F: F: refrigerantrefrigerant forfor
domesticdomestic andand car car airair conditionersconditioners, no , no ozoneozone depletingdepleting
propertiesproperties (!), (!), possiblepossible greenhouegreenhoue effectseffects



IndustrialIndustrial useuse ofof fluorinefluorine
c) c) polytetrafluoroethylenepolytetrafluoroethylene ((TEFLONTEFLON))

(C(C22FF44))n n ::

DiscoveryDiscovery: 1938,  : 1938,  byby
accidentaccident whenwhen tryingtrying
to to synthesizesynthesize CC22FF44

UseUse:  :  cookingcooking panspans, , 
textiletextile fibersfibers, , chemicalchemical
industryindustry ((resistantresistant to Fto F2 2 !) , !) , 
bearingsbearings, , gasketsgaskets, , 
medicalmedical implatsimplats, , 
electronicalelectronical devicesdevices

http://de.wikipedia.org/wiki/Bild:Gore-Tex_GuaranteedToKeepYouDry-Logo.svg
http://upload.wikimedia.org/wikipedia/commons/9/90/100_0783.JPG
http://de.wikipedia.org/wiki/Bild:Teflon_structure.PNG


HealthHealth implicationsimplications ofof fluorinefluorine

tracetrace element (5g / 70 kg), in element (5g / 70 kg), in thethe form form ofof FF--

veryvery nonuniformnonuniform distributiondistribution throughoutthroughout thethe bodybody, , 
most in most in bonesbones andand teethteeth
reducesreduces toothtooth decaydecay →→ waterwater fluoridationfluoridation (0.5 (0.5 -- 1 mg 1 mg 
/ L), / L), controversialcontroversial

ElementalElemental FF22 is is highlyhighly toxictoxic, LD, LD5050 = 185 = 185 ppmppm (!!!)(!!!)
HarmfullHarmfull to to lungslungs, , skinskin andand especiallyespecially eyeseyes –– eveneven 25 25 
ppmppm causecause strongstrong eyeeye irritarionirritarion..

StoringStoring: : ironiron, Ni , Ni –– CuCu alloyalloy ((monelmonel), PTFE ), PTFE 



FluorineFluorine chemistrychemistry researchresearch in in SloveniaSlovenia::

IJS Ljubljana, IJS Ljubljana, departementdepartement K1,K1,
prof. dr. Boris prof. dr. Boris ŽŽemvaemva::

SynthesisSynthesis andand characterizationcharacterization ofof
newnew coordinationcoordination compoundscompounds withwith
fluorinefluorine ligandsligands, e. g.: XeF, e. g.: XeF22, XeF, XeF44, , 
KrFKrF22, AsF, AsF33, HF , HF etcetc..
SynthesisSynthesis andand characterizationcharacterization ofof
ternaryternary fluoridesfluorides
UseUse ofof photochemicalphotochemical reactionsreactions andand
elementalelemental fluorinefluorine forfor thethe synthesissynthesis
ofof newnew fluorinefluorine compoundscompounds ofof
transitiontransition metalsmetals in in highhigh oxidationoxidation
statesstates

http://videolectures.net/dnevi_zemva_ope/


ResearchResearch ofof fluoridefluoride compoundscompounds atat FKKT FKKT 
MariborMaribor

SynthesesSyntheses andand characterizationcharacterization ofof hydroxylammoniumhydroxylammonium
fluorometallatesfluorometallates, (NH, (NH33OH)OH)xxMFMFyy

1990 1990 -- 2009: 12 2009: 12 scientificscientific articlesarticles withwith JCR + 1 JCR + 1 
submittedsubmitted (B. (B. VolavVolavššekek, M. Drofenik, M. , M. Drofenik, M. KristlKristl, I. Ban, , I. Ban, 
B. B. DojerDojer), 2 + 1 ), 2 + 1 PhDPhD thesestheses, 3 , 3 MScMSc

M = Ti, M = Ti, ZrZr, , HfHf, Al, Ga,, Al, Ga,
In, Si, In, Si, GeGe, , CrCr, , 
V, V, CoCo**, , CuCu**, , FeFe****

StructureStructure ofof
NHNH44(NH(NH33OH)OH)22[OF[OF55V]V]::

c



FluorineFluorine compoundscompounds ofof noblenoble gasesgases

BartlettBartlett, 1962: , 1962: ‘‘PtOFPtOF44’’ = O= O22
++(PtF(PtF66))--

firstfirst compoundcompound, in , in whichwhich oygenoygen waswas oxidizedoxidized!!
EEii (O) = 1177 (O) = 1177 kJkJ/mol, /mol, EEii ((XeXe) = 1170 ) = 1170 kJkJ/mol/mol

XeXe + PtF+ PtF66 →→ XeXe(PtF(PtF66))

HoppeHoppe, 1962: , 1962: XeXe + F+ F2 2 →→ XeFXeF22 (1 (1 atmatm, 400, 40000C)C)
strongstrong oxidizingoxidizing andand fluorinatingfluorinating agentagent
((XeFXeF+ + is is formedformed))
reactsreacts withwith waterwater in in alkalinealkaline solutionssolutions::

2XeF2XeF22 + 2H+ 2H22O O →→ 2Xe + 4HF + O2Xe + 4HF + O22



XeFXeF4 4 (1962):(1962):
XeXe + 2F+ 2F2 2 →→ XeFXeF4 4 (6 (6 atmatm, 400, 40000C, C, XeXe : F: F22 = 1 : 5)= 1 : 5)

solidsolid compoundcompound, , squaresquare planarplanar geometrygeometry
reactsreacts withwith waterwater: : 

3XeF3XeF44 + 6H+ 6H22O O →→ XeXe + 2 XeO+ 2 XeO33 + 12 HF+ 12 HF

XeFXeF6 6 (Slivnik (Slivnik etet al., 1963):al., 1963):
XeXe + 3F+ 3F2 2 →→ XeFXeF6 6 (60 (60 atmatm, 400, 40000C, C, XeXe : F: F22 = 1 : 20)= 1 : 20)

solidsolid compoundcompound, , octahedraloctahedral geometrygeometry
reactsreacts withwith waterwater::

XeFXeF6 6 + H+ H22O O →→ XeOFXeOF44 + 2HF + 2HF 
XeFXeF6 6 + 3H+ 3H22O O →→ XeOXeO33 + 6HF+ 6HF



RecentlyRecently alsoalso compoundscompounds withwith XeXe --
N N andand XeXe -- C C bondsbonds havehave beenbeen
discovereddiscovered, e. g. , e. g. XeXe(CF(CF33))22 andand
XeFNXeFN(SO(SO22F)F)22

XeXe formsforms coordinationcoordination compoundscompounds
withwith unusuallyunusually highhigh coordinationcoordination
numbersnumbers::

XeFXeF66 + + CsFCsF →→ CsXeFCsXeF77

2CsXeF2CsXeF7 7 →→ XeFXeF6 6 + Cs+ Cs22XeFXeF88

KrKr reactsreacts withwith F in F in anan electricelectric fieldfield atat
--19619600C: C: KrKr + F+ F22 →→ KrFKrF22

((solidsolid compoundcompound, , stablestable onlyonly belowbelow
--808000C, C, extremelyextremely strongstrong oxidizingoxidizing
agent: agent: AuAu →→ AuFAuF55))
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