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The cryoscopic constant for fluorosulphuric acid. has been determined 

and the nature and concentration of the impurities in the solvent have been 

investigated. 

The NMR and Gouy methods have been used to determine the magnetic 

susceptibility of solutions of iodine fluorosulphates. The NMR method has 

been shown to lead to spurious results. 

Cryoscopy, conductivity and UV and visual spectrophotometry have 

been used to elucidate the state of iodine fluorosulphates in fluorosul-

phuric acid. Solutions of stoichiometry corresponding to fifth-, third-, 

half-, uni-, tri-, and hepta-valent iodine have been investigated. The 

highest valence state observed was that of ioditle trifluorosulphate which 

has been shown to be an acid in fluorosulphuric acid. Measurements on 

fifth- and third-valent iodine solutions indicate that I
5

+ and I
3
+ are 

formed. Measurements on half- and univalent iodine solutions suggest that 

I2 + is formed. The observed magnetic moment of this species agrees well 

with that required by theory, 2.0 BM. 
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CHAP'I'ER I 

Intro4uct10D 

'l'he l'lucroaulphuric Acid §ystea 

Pluorosulphuric acid wu firat prepared by Thorpe aasd 1C1:nun 

1B 1892(l) bT aeaa of the reaction of hy'4rosen fluoride ud sulphur 

~rioxid.e. Later several authors described preparative aethocJa tor 

this acid uina tuains sulphuric acid ud u iODic fluoride or tluoro­

aulphate(2•3•4). l'luorosulphuric acid is a twains liquid with a ve17 

wide liquid race (-89.00° to l62.5°C). It is a atrcmcl.7 usociated 

liquid u indicated by its hich boilt.Ds point CCIIP&r•d to that or aul­

phU171 tluor14e 1 so2r2 • Sulphuryl fluoride, which boils at ·52°C, 

hu a molecular weipt or 102. 06 coapared to tbe 110lecUlar weipt or 

tluoroaulphuric acid, 100.07. It is ODe or the atronsest protonic 

acids laaCM'D. Barr(ll) hu show that it acta as a weak acid 111 the 

The structure of rluoroeulphuric acid is proposed to be ua-

locous to that or sulphuric acid with one b7drox;rl croup replaced 'b7 

fluorine. 

HO 0 

"~ s 

BO 0 

""-/ s 
/'\ 

HO 0 
/'\ r o 

I II 



The R•an apectrua, deacrioed by Gillespie and Robinaon( 5) ia aa~i•­

factoriq usiped on the buis of this structure (II). 

Fluoroaulphuric acid reacts violentq with water and baa been 

shown to h74rol1ae aacording to the reaction(6 )a 

HBO{ + ~0 I-1 

'rhia reaction hu 'been studied 'by several authora (7 ,S,9) but baa yet 

to be ol.earq UDderetood. Woolf(B) baa suaested that when the acid 

1e added to a excess ot vater there ie u initial rapid bJdrol.yeis 

followed bf a slow hy'dro]¥a1s. The 1arp heat of solution aq oauae 
/ 

However, Senior ( 10) haa shown by con-the initial rapid hJdrolysis. 

ductanoe aeuuraente that water in excess tluoroaulphuric acid does 

not cauee coaplete bJ'drolysis but &i we the at able equill'briwaa 
' 

+ • K 
H3o + so3r ~ ~ Hr + u2so~ I-2 

with lC • 0.22. 

2 

The properties ot fluorosulphuric acid u a non-aqueous solveut 

were tiret considered by Woolf(ll). He purified the acid by distilling 

it twice at ataoapherio pressure, collectins the traction boiling at 

163.0 ! 0. 5°C aad redietilliDI this traction UDder vacU\111 by trap to 

trap cU1tiUation. '1'he specific cODductance ot the acid he obtained 

-~ -1 -1 vu 2.20 x 10 oha • • To acco•t tor this conductuce, Woolf 

conclUded that the predollinat self-dissociation equilibrium vu one 

of a\ltoprotol.7aisa 

The abnoraall.y hich conductance of the tluoroaulphate ion in water 

lead Woolf to suspect that conduction took place by a proton transfer 



Woolt suaested that the 82o6r- ion mq be present in Slllall 

concentration in the pure acid. RaaaD spectra ot solutions ot sulphur 

. (1~) 
trioxide in tluorosulphuric acid indicate that this anion is only 

tor.ed in solutions containina excess tluorosulphate ion. Moreover, 

Barr(l3 ) has shown that the addition ot sulphur trioxide to a solution 

ot potuaiua fluorosulphate causes a decrease in conductivity which 

can be accounted tor by the replac•ent ot tluorosulphate ion by the 

leas 110bile 8
2
o6r- ion. Lehman and Kolditz(l6) have prepared KS2o6F 

which they report as a weakly dissociated caaplex ot sulphur trioxide 

and potuaia tluoroaulphate. 

Electrolysis ot the anhydrous acid cave a mole ot hydro«en 

at the cathode tor every two Faradar's ot electricity and an oxidising 

solution at the anode. Woolt aucgeated that the anode reaction tomed 

the perox;r41tiuorosulphate ion 1 

However, ill the light ot Dudlqta work(l2 ) on the electrolysis 

ot tluoroaulpburic acid solutions t!Ut:·likely anode reaction is one 

ot ca.plete oxidation to_ perox;ydiaulphurylditluoride, s2o6~2 • 

Woolt 1nvestiaated several tluoridea tor acid-base character. 

Usins conductiaetric titration he tound that antimony pentatluoride, 

3 

auric tluoride 1 t1111talUil pentatluoride 1111d platinWI tetratluoride were 

acids and arsenic tritluoride, antimony trU'luoride, brCDine trifluoride 

and iodine pentatluoride were baaea. 

Studiea on the tluoroaulphuric acid aolvent system vere ex­

tended by Barr(l3 ). He obtained acid with a apecitic conductance ot 



8 -4 -1 -1 l. 0 5 x 10 ohll. ca. , lover the that ot Woolt, by siap]¥ dis-

tllliaa co-ercial acid twice at at110apheric pressure. 'l'bOII,PsOD (94) 

sugested "hat Woolt's aetbod ot tiDal purit1cation by trap to trap 

cUstiUatica UDder vacuua Jl&y' concentrate hydJ'oaa fluoride ill the 

distillate &Dd thua cause gl"eater ccmducti vi ty. Barr observed that 

the alkali Mtal tluoroaulpha.tea have d•ilar conduct&Dcea augest­

inc that the conductivity ie Jl&inll' due to the cc.on tluorosulphate 

iOD. Detend.Jlation ot the tnup()rt aUilben ot the potusiUil and 

tluoroaUlphate iOIUI saw 0.11 ., 0.89 l"eapectively. The a'blloru.l.l7 

J.uw• aobility ot the tluorosulphate iCD sugeats that it does not 

oon4uat by a siaple cUttuaion process. 

'l'hoapsoa adapted the ncm-equ1libriwa •ethod ot Rossini (lT,l8) 

tor the ctetel'llina:tion ot the treezins pointe ot solutions in tluoro­

tnal.pburic acid. Uaina Cl'J'OICOP7, conducti T1 t7 and 19P nuclear •ac-
netic nacaaae, he atudied the behaviour ot antiaOJaT pentatluoride 

ad ita nactiona with aulphv trioxide in tluoroaulphur1c aoid(lS). 

Proa a pnciae Jmovledp ot the cUaeriaation equilibriua ot the 

SbP2(so3r)~ iOD and the conductivitT ot the correapon41ns potaeaiwa 

aalt ad acid, he eat1aate4 the aobility ot the tluoroaUlphuric 

· ac141a 1011. Por the autoprotol.J'aia eqUlli'briua conatUlt Thoapaon 

. 6 -8 ~- -2 obtained 3. x 10 aole~a • 

SeTeral Mtho41 ot prepanticm ot tluoroaul.phates h&Ye 'been 

npol'ted. Tl"aube obtained alkali •tal and aaoDiua tluoroaulphatea 

(a) b7 tuaina llizturea ot pyroaulphatea ad tluorides, (b) by reactinc 

tluol'idea with sulphur trioxide and (c) by' direct reaction ot tluoro­

aul.phuria ~id with the tluoride (l9 •20 ). Hqek, PuachaiUUl ud Czaloun 



5 

have prepared chlorotluoroaulpbatu h'oa tbe metal chloride and tluoro­

aulphuric acid(2l). The reaction ot sulphur trioxide with the tluoride 

b.u been uaed to prepare 'tlSO/, AgSOf(22 ), alkaline earth tluoroaul­

pbatea, Sb(so
3
v)

3 
aud 2 AaF

3
·3 so

3 
(23) •. Tbe latter coapo\llld baa been 

BhowD to be a mixture ot AaF(so
3
r)

2 
aud Aar

2
(so

3
JP) (24 ). Al{S0

3
J1')

3 
Jlaa 

been '~pared trom al,.U= chloride aud tluorosulpburic acid (22 ). 

Pluo:roaulphates or ailiocm, tituia, anenic and tin have been cbtaiud 

b1 tbe reaction ot ailTer tluoroaulphate with the ooneapondiq chloride 

iD &cetOD:l. t.ri1e but the product a CODtaiD coordinated sol vent (22 ) • Woolf ( 29 ) 

· hu pnpand the nitroeyl tluorosulphate tro. nitroayl chloride and. 

tluoros'Ul.pburio acid in brCiline tritl:uoride. -The disCOYery ot perolf1'­

diaul.phVJlditluoride ad tluo~e tluorosulphate (26 ) provicted MY ·. · 

aetho41 ot prepeati011 ot tluoroaulp!ut.tea. Ill' 2so
3
r baa ben prepared 

troa 4initro1e11 tetrafluoride cd perox;r41aulphurylditluor1de (27 ). 

Sewral tnnli tion Mtal mr;rtluoroaulpb.atea have been prepared by 

rttaot:lna peroqdiaulphur:rl41tluoride vith the aetal or metal chloride(27 •28). 

Only the cia iao.er ot sr4 (80f)2 ~1• obtained b7 the nt&et1on ot sulpllur 

tetrafluoride ad perox;rd1aulphurylditluor1de(JO). Cady ana Co-workers 

han p,._pare4 the tri.tluoroaulphatea ot bromine ~d iodine ( 31 ) amd the 

a&lby4roua potusiua salta, lCBr(so
3
r)4 and ICI(803"11') 4 (

27 >. The nature ot 

the Iliad ~rolliue tluor14e tlu.-oaulphatea, Br2r
3
(so

3
r)

3 
and Bl'F(S03JP)2 (J

3) 

and iodilae fluoride tluorosulphate., l1" 
3 

( 80-f) 2 ( 
32 ) hu yet to be COIIl­

pletel.T 1mdentoo4. All ot t:tae )l&locen aonotluoroeulphates he.Te been 

obtained. fluorine tluoroaulphate 1a prepared troa fluorine end sul-

phv trloJd.de at teape~turea 1A exeeae ot l70°c<26 ). while the other 
. . 

acaotluorosul.phatea are aa4e 'br the reaction ot the haloaen V1 th perox;r-

4iaulph~l41tluoride(3l•~3•3')· 



6 

Iodine Cations and O&-cationa 

Ot the c~ao halocens iodine ia the moat electropositive and 

therefore the moat likely to exhibit cationic properties. The experi­

aer&tal evidence sugeata that the tomally' hicher valance iodine cations 

auch u 10
3 
+ and I02 + ue of doubttul existence while there is Justif'i• 

+ + + + catiOD for I 1 t
3 1 x, &Dd IO • 

Several aeven-v&l.eat iodine oompounds have been aade,Yhioh aq 

coat&ia aatioeia iodiDe but no structural or oonductimetric studies 

have been clozae. Sohlleisaer .ad Leas haft cl.aiaed I03F ia prepared by 

tluorinatia& periodic acid in bydropn fluoride ( 36 ). Scbmeiaser and 

BrancUe have pwpared xo3[IC~] ad xo
3

[I(No
3

)2 ] (37). On the basis 

ot ultraviolet spectra, ·SJmon• (lS) baa aaaeated that ort.ho periodic 

acid ia pi'Otonate4 in atronaJ.7 acidic aolutiODa a;ivinc I(OH)6 +. 

Hove.er, tbe aaae author verities the ina"toabilit.y or periodic acid in 

lOO% auJ.pburic acid. Oaier ( 39 ) clailDAid to have prepared I 2o7 
by ozoni• 

aation of iotine ad more recGntl7 SJmona bas reported. its preparation 

trcra periodic acid ad 65% oleua(3S). 

+ 1'be fi w -valent iodine oq•cation 1 I02 bas been postulated by 

' (40) 
, aever&l authora. qnsl.e7 1 Biahola ad Robinson suscested the tor-

+ -JI'Ul.a I02 Ii' 6 for the white arywtel.liae ()liJ'fluoride • IOF 3 • which they 

prepared rna I 2o
5 

ad IF
5

• SchMisaer ud IADs( 36 ) prepared a l:l 

complex between ioql tlu~ide, Io2F and arsenic pentatluoride • vhich 

they i'ol"'lUlated I0
2 

+AaF6"". Apaley aad Sampath{lll) vera unable to 

prepare oowplexea ot I02r with arsenic pent.afluorid.e 1 sulphur trioxide 

or 'boron t.ritluori.de. They sucgested that Scblleisaer' a coraplex ahould 



+ -be formulated AsF 4 I02P2 but did. not apply thia reuonin& to IOF 
3

, 

- + -which ld.pt aisilarly be formulated nr4 102r2 • -The penta.ve.lent iodine 

cation IF4+ baa bee poatulated to exist in the IF
5

.sbF
5 

com.plex< 42 ) 

aad to contribute to IF 
5 

conductivity< 43 ). Ayusley and Sampath (1a1 ) 

wre able to prepu. the blue coaplex Io2r • O. 8 Sbl 
5

, vhi ch may exhibit 

ionic .properties. By artalOSY" vi th -.o
2 
+ M~ra md KenDed;y ( 44 ) sua­

aeated Io2+ as an inte~diato in the iodate-iodide exchange reaction. 

Mu1r( 45) used the reaction of aUlphur trioxide and the iodine oxidea, 

120~ and ~o5 , to prepare I2o4•3 so
3 

and. 12o
5

.2 so
3 

Yhiah vere recently 

+ + • 
verified and formulated as io4yl c::onrpounds, (IO )(Io2 )s

3
o

10 
a.nd 

'+ •(46) (Io2 . )2s2o
7 

, Uo experinenta.l evidenae tor this ionic formulation 

bu been given. Senior( 4T) reponed a white solid I
2
o
5
·oo

3
• which pre­

cipitates from concentrated solutions of !odic acid in lOO% sulphur~c 

+ • 
acid and vhlch mq be :romul&ted as io<lyl sulphate, (Io

2 
)2so4 • 

Hove'Yer, crtoacopic ilrld oonductimetd.o evidence suggest that the solid 

is poJ..yJilel'ic. S,.oda report <48) that iodic acid is simply protonated 
. + 

in lOO% sulphuric acid to give H2 to
3 

!a ehOV11 to be in error by 

7 

Senior' a work which dUI!lonatra.tes that the only pentavalent iodine cations 
. . .·. + 

in solution are ot the type ( 102 )11 
(Ii:~04 >n-1 • Similar studies in tluoro-

eu1pburic acid tncU.cato a airdlar behaviour for iodic acid gi 'ring the 

cationic apeoiea (IOF
2

)
2
so

3
P'+(lO)• · Recentl)' the preparation o:t' i~l 

nuoronl.ph&te • xo2so
3
F has been NPOrted ( 101 ) • 

The trip]¥ charged iodine cation, x•3 , is an unlikely tenalent 

iodine 8peo1es ainoe it would have the unstable ou.ter electron· cont"i­

pration 5 1
2 5 ~ 2• However, .J:IlloD¥ ooapoUDda to~ containing thia 



oa.tion are knovn, The acetate, I(ooccn
3

)
3

, •as first prepared by 

Sohut&enbeJ!8er ( ~9 ) and siuo• then improved methods have bean developed 

and a wide rftllae of analoaous compoURds vi tb orsauio &l;licl ligands have 

beeu prepared(5l,52 ). D\lrin.g the alactro]¥ais of a aolution or iodine 

trlaoet&te 1D ae.tic anlo-4ri4e the iodine moves to the cathode, indi­

cating the cationic nature of thtt iodine species (51). Sevel"al "I+3n 

oaapO\alda with 1noraaic ligands are known. The iodine oxide, r4o9
, 

which mq 'ba fol"'INlated as I{Io
3

)
3

, "'as first prepared by Ogier{ 39) 

trO!Il the rea.otion or ozone and iodine. More recent studies of this 

oxide have been made b1 Fichter .and co-vorkers( 53 •54 ) and llahl and 

Partington (55 ). Fichter and co-workers have prepared the phosphate 1 

Iro4(5l) and a per!;:hlorate, I(Cl04)
3

·2 n
2

o< 54 >, Recently' Alcock and 

Wad.dinston( 6l) have claimed ta have ·made I(Cl04 )
3 

'at reacting iodine 

and silwr perchlorate in ether.· Several authors have reported the 

prepara-tion . ot the ai trate. Scbnieisser and 3randle (56) report that 

I(No3)
3 

prepared tram iodine triohlox-ide and ahlOrint nitrate_ de9~ 

posea ~ove 0°C. KikiDda.i <57lhu· sliewn tha.t Millon's orisinal ·J»"e• 

put¢~·('&). from. iodine and .~n~ Uitric acid gives IOtto
3 

ra.the.r 

thau, '!(S0
3

)
3

• tJah~ov< 59 ) alaiJM' that the trinitrate is ob't&dn~d by 
. . 

the re~ion of &ilver nitrate .llitn.'iqdine in methyl or .-thY.l,, t4aC>hol. 

'me triflUOr()aul.phate h88 been· p~p~d by Cady and Robert:; (ll). , . 

8 

. ·l4any cOMpounds are known 11bioh. m8y be formulated as deriv~tives 

ot the iOdosyl cation, Io•. Iodi® :betroxide m~ be fol'llU.!.ated. :r;o•Io3-. 

Iodosyl nitrate, IONo
3

• is menticmed aboV'e, 'l'he yellow solid ...thich 

se~ratea trca la3 taixtures ot iodine and iodio acid in tluorooulphurlc 

&014 hu the tONUl.a Ioso
3
r(lO). Chretien'• yellow a\ll.phate(6l) haa 



been shOVD b7 Mus em act Arptaet ( 62 ) to be ( IO) 2so4• An analogous 

sel.eDae hu been prepared ( 64 ). Both Fich'hr ad Kappeler (54 ) ad 

. (46) 
Leh1uma ad Heaselbarth have obtained I203•3 so3, which •• be 

written u ~(so4 >3 or (I0)2s
3
o10• The reaction ot iodoayl sulphate 

with olea ai wa a vhi te solid which aq be tomulated IOHS2o7 
( 62 •66 ) • 

Daaent· ad W&441naton ( 64} have used intra red atuc11ea to ahov 

that io4oayl sulphate, io4oayl selenate and io41lle tetroxide contain 

utvorka ot -IOI- chains. Thq araue that these coapoUBda are pol.7-

+ Mric and do not ccDtain discrete IO groups on the grounds that 

(a) no I-0 stretching 'Y1brati011 coaparable to that in TeO is observed, 

+ (b) the ccapounda are diaapetic wen it might be expected that IO 

groups • being isoelectrcaic vi th the oq-gen aolecule in valence elec­

t:rou • would be p&r8JIA&Iletic, ad (c) apart trc::a a alight aolubili ty 

ot the sulphate ad selenate in their parent· acids, the coaapounda are 

insoluble in the wide rage ot aol"N!lta tested, 1nclu4inc nitromethme, 

vhich dissolves aitroql salta. 

9 

!here is aaae evidence tor ternlent iodine caticma in solutions 

ot (I0)2so4, I2o4 and lz3 iodine-iodie acid in 100% sulphuric acid. 

Conductiaetric and cryoacopi c atucUea by Gillespie and Senior ( 65 ) have 

shown that IOllS04 to!'Md in these solutions ia partially dissociated. 

The toraation ot io4oao derivatives of aroaatio cOI!lpounds in solutioDB 

ot iodJ'syl sulphate in concentrated sulphuric acid(T5,76) aq be evi­

dence tor the existence ot IO + ions. 

Several coapou.nds haw been reported vhich mq contain the 

s1n&l7 charged iodine aa.tion. The nitrate, mo3, h&a been prepared 



in absolute alcohol b7' reactiag ailwr nitrate Ul4 iodine (59,96). 

Cation exclum1• reaine have bee Wlecl -c.o prepare I2so4 in abaolute 

alcohol (67). Uahakov( 6B) hu ahOVD. that mo
3 

Wldercoea extcmaive 

&laobo}7sia ill abaolute Mthaaol. Schaeiaaer and Bran4le {56 ) haw re­

ported that !10
3

, which is prepared trCI\ I(J0
3

)
3 

and iodine, decompoaee 

above 5°C. Birlteubaeh ad Goubeau( 69 ) attapted to prepare iodine per­

chlorate, IClo4, trom the reactioa ot eilver perchlorate aad iodine 

but they tound that the pro4uct immediate]¥ reacted with the solvent 

used. However, Alcock and Waddinator& claia to have obte.iAed iodine 
' 

perchlorate traa this reaction in absolute ethuol ( 63 }. Iodine tluoro-

sulphat.e, ISO/ • wbich reoatly has beea prepare4 by Aubke and c~ ( 35) 

appean to be a coftlct QCIIIPOUDd. !he iodine cation v1 th the outer 

. electron conttguration 5e2 5p 4 doea not have a closed. valency shell 

e4 Carleobn hu ahow that the ion ll&.Y be stabilised b:y coordinatins 

ligaude such aa pyridine and 6-pioollne (TO,S6 ). Both Ipy
2
x tmd. IpyY 

aerlwa have been prepare4 with X u nitrate ud perchlorate end Y u 

ni tra~•, benzoate and acetate. These ccap01mda are diacuaaed in a 

review ot the positive character of ~he halogen• by neinber6(2'5). 

Bell and Gellea ( 71 ) have eetiaated the equilibrium eonst.cta 

tor 'f'ariOU· hypothetical diaaociaticn equilibria of iodine in Y4ter 

.fral. theftiOd.yn.aic conai&lr&tiona. Accordinc to tbeir calqulatipllS, 
. + . 

the .n tavov&ble Ullivaltmt iod1ne.<>&ticm is H20I , which woul4>ba 

10•5 aolar 1r1 a cae aolar lodine •elution ud their expertaental 

4etel"al&a.t1on ot the d.isaociatiCD iDvol vine this species acrees · well 

with the theonticU •alue. BoveYer, reucm&blJ' hi&h ooncentrat1ona 

10 
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diaproporUeaaticm to iodate ad iocU.4e. Skr&bal. ad Buchta<72 ) noted 

the buic character ot h:YPO:I.odoua acid in aqueoua aolut.ion ud auaeate4 

tba't the bl"'WD aollltiona toraed vben iodiDe ia added to b7po1o4ous acid 

or vtaa iocU.Jle ia part1all7 oxidiaed ill vater, cODtained the bue I'JOH. 

PavloY ad Pietl.OY ( 73) have allOVD b7 aeuurinc the rate ot exchaqe ot 

iodiae bet,.. hJpOiodoua acid ad 1110lecular iodine in aq,ueoua aolution 

that iocUae 1a ooord.iDatecS. to the uni vaJ.•t 1o4ine apeciea iD t.heae 

aoluticxua. Tbe e'Yidellce tor lZipoait.iYe :lo41De apeciea in concetrated 

aulphu:rtc ao14 tolut10Da ia ao:re coapellina. Muaon (T4) observed that 

the brovn solutiODa toraed vhen iodine !a a44ed to iodoeyl eulphate • 

(Io)2so~, in cODGelltrated aulphuric acid solution• reacted vith chloro­

baseae to fora both iodo md iodDto deri. Y&ti vu. He postulatecS. the 

+ + . . 
presence ot x3 ad I 5 to explaa the stoichi0118t.ry of these reactions 

ad deltobatrate4 that solutions with atoichiometr,y correapondi111 to 

+ + UDi'f'&l.eat poaiti'ft io4ille vere larp~ 4iaproportionated to 13 • 15 
ltlld 10+. Siailar obterYatioaa were reported 'b1 Birka'bach, Goubea\l 

aad Xre.ll (Tl), who prepared their aulphuric acicJ. eolutiona with iodiDe 

a4 aeN11.1'08 or .. J"Curic tulphate. A.rotaJc7, Miahra ~4 Syaoas ( 48 ) 

+ haft Si'lft aaaduotiaetrS.e e'f'idmce tor 13 tol"Md troa iodic acid aDd 

+ iocUne ill 100• sulphuric acid ad h&Ye auaest.ed that I
5 

• ..,. be toraed 

Oil the bUil Of oll&Dp ill 'f'isual IDd ultra'ri.olet spectra YheD iodine 

+ 11 &4484 to .13 so1uti0118. By cl')'08copic md detailed conductiMtric 

+ + •ullftMD'ta • Sellior bu COD timed the existence ot 13 and 15 in 

100% nlphuric acid aa4 dellonatrated that aolutiou which correspond 

atoichi.,.....ricalJ.T to uniYaleDt. poeitive ioc:U.ne are l&r~el.7 diapropor­

t1CIIlate4 ( 10). 



) . 

s,aone aad co-vorken have all4e extnsi ve inveetiaatione ot 

the bl'WI ao1ut1oaa toraed Yhen iotiBe or iodine chloride ia 41eao1 ved 

1a 65J ole•(~&,78 •79 •80 •81 ). They have concluded troa conductillletric, 

.._.tio and apitctral. atucU.ea tbat iodine in theae aolutiona 1e qwm-

+ titative]¥ con..-erte4 to I • They report a ettective aapetic llOII«lt 

tor I+ ot 1. 4 ac bJ the ~ anhod ( 8o) and 1. 5 BM b7 1QQl atucliea ( 81). 

Pl"'Ol ultra Yiolet and Yiaual epeotral atudiea, \Uli valent poai ti ve 

, iodine i.e &lao cla1M4 to be prepared 1a nuoroaulphuric acid ( 80 ) • 

iocUDe patatluoride ( 82 ) md antiaola7 pel'ltatluoricle (lO). Jl'iaklov tmd 

.lbubaob.\llr. ( 83 ) have deaoutrated the cationic nature of the 1o4ine 

apeciea forMd vbu iodine ie diesolve4 in aDt.iacxq pent.aahloride. 

Stl'\lOt\lftJ. et.udiea CD COIIpOlmda such u ICl3•SbCl5 just.ify writing 

(IC~ +)SbCl
6
·(SI6). Arotalty ud Spoaa<85 ) have recently reviewed the 

e\'id&ce 'tOr the h&l.oSS cationa. 

The p:reaut atud7 wu uadertakea to iaveetigate the nature ot 

+ iodl.ne cation• • eapeciall.y I , ill nuoroaulphuric a.oid. During the 

covae of the vork, the CJYO&copic constant vu redetermined and the 

nature ot the "pure" solvent vu investisate4. 

12 



1. PrftH'!!iOG u4 PuriticatiGD ot ~erial• 

nuozooeulRJmric Acid 

Baker ud .Ad_.OD nuoro.ulphuric acid waa puritied by' double 

dia·Ulla'tion 1D the atill ehovn in Pis. 1. Dry' air, entering at A and 

lea'Yills by the ~~apeaiua perchlorate pard tubea B and c, wu puaed 

throuch the atill tor at leut ODe hour betore d.iatill&tion and tbe 

reaeiwr ad lover atap ot the still were tlaaed periodiaaJ.l¥ durinc 

this tiM. Puaaae ot 4r1 air vu ccmt1Due4 durf.q the diatillation 

except vhe the tinal. pJ'04uct vu diatillina, .but ex1 t c vu aloaed 

4uJo1J.la the secoad ataae ot tiatill&tiOD. to prevent back diatillation 

into the aelector I. Only acid boiliDc between 162°C and 164°C vu 

taken at both stapa ot the tistillatioa, the lover boilina tract1011a 

beiDa separated 'b7 selecton I ad II. The aelector is ahom in detail 

1D Pia. 2. The nuorosulpburic acid obtained by this procedure uauall.r 

ha4 a treeatna paint abo .. -89.000°0 and a.conduet1Y1ty between 1.26 x 

10•* oa•1 ca·l ud 1.56 x lo·' oa·1 ca-1• 

P•£0!141SulJlhWl<Utluoride 

Pe~UsulpbUJ7lditluorl.4e wu prepared by the aethod ot Dudley 
(26) . 

ad Caey in the reactor shown ia 71&. 3. The reaction veuel F vu 

- 13-



a copper tube 7. 5 em. in di-..ter and 90 C!ll. lema, filled with copper 

wire haviJll a surface area ot 150,000 am. 2 vhioh had bee ooated with 

silver metal t'roa a bath ot ailver oyuide complex. Heating vu ac-

e0111plished vi th n!chrcae vire wound around the vessel and connected 

to a variable voltaae rel\llator. Sulphur trioxide wu swept into the 

reactor at .A bJ' a 8tre81l of nitrogen setered by the rate meter at E 

~md fluorine • diluted vi th ni trosen • vu run into the reactor at B and 

~~~etered at D. The fluorine flow ra.te vaa aaintained slightly in excess 

of one halt the sulphur trioxide flov rate or, in other vorda • slig}ltly 

in excess of the stoichiometric l'e«(Uirement and the reaction vessel vu 

aainte.ined at betveen l20°C and 140°0. The product was collected in 

'tra.ps at C cooled. vith finely crushed dr7 ice. Final purification ot 

the peroxide vaa aocompliahed by diatillation at atmoapheric pressure 

in a still protected from mobt\mt by a mapeaiua perchlorate dryinc 

tube. The traction boiling between 66.5 and 67 .0°C vu pure per~­

disulphuryldifluoride. The product vaa anaJ.Tsed by titration with 

ata4ard thioaulphate of the iodine liberated by the addition of per­

oqd1sulphvyl4i!'luorl.&e to aqueoWJ potueiwa iodide solution. Three 

tnical eal:yaea nre t 

Ox1-41a1ng equivalents of s2o6r2 , theoretical 2.00, 

foUD4 2.o4, 2.oo, 2.00. 

!!2teei ua Pluol"OBulphate 

Potuaiua fluoroaulphate was prepared u described by Ba.rr(l3 ) 

b7 &4dins fluoroaul.phurl.c acid to a ccmcentrated aoluticm of potuai'lllll 

~4roxi4e in water. The cooled aolution vu filtered and the crude 

potuaiua tluoroaulphate recryatalliaed troa water aad vuhed with 

aoetCDe ad ether. 



DisUlp!luql.ditluoride 

Diaulphur.ylditluoride vas prepared aa described by Gillespie 

and Rotbenbur;y { 87). Ozark Mahooninc antiaol'l7 pentatluoride puritied 

by diat1Ua.t1on vaa aclcled to J:~e!lud.Da sulphur trioxide in exceaa ot 

the aolar ratio ot one to ti ve eel the procluct vaa distilled troa this 

ldxture, treatecl vi tb aulphuric acid to re.ove the sulphur trioxide 

u4 redistilled to cive p\U"e 41aulphUJ!"1lditluoride. B. Pt. 50 - 51 °C. 

Shaviniau reacent sra.4e iodiDe vaa used direct~. 

S\1l.JhK Trio#de 

SUlphur trioxide vaa diatilled troa Baker and Ada.Juon 'Sultan' 

in a atill Yhioh vaa protected trom aobture b7 a mqnesiwa perchlorate 

Aryins tube. 

!izd,rom Pl!9ride 

M&theaOil'l Hydropn fluoride (ub.Tdroua) vas uaed directl.7. 

2. Cftclv.oti vi ty Meu!!'ft!!llts 

15 

CoDductivitT aeaaureaenta at 25°C vere aade in the cell depicted 

in ns. 4a., uaing the B and C electrode• V'hioh gave a cell constant of' 

approximatel)r 18 oa71 • CODduotivitiea at 4rT ice temperatures were mea­

sured in the cell 8bovD in Pia. 4b. 

The electrocles vent plated with platinum black by electrolyaing 

a o. 3S aolution ot chloroplatinic acid in o. 05B hydrochloric acid oon­

ta1D1nc 0.25% l.ea4 acetate. A cuneat or 10 llilliupe vas passed tor 

10 ldnutea. The current directicm vu reveraed every minute. 

_ _,..·' 



sulphuric acid in the cell. Minia\111 con4uct1na sulphuric acid h&e a 

specific conductance ot l.0432xl.04 ohm-l cm71 at 25°C. For the low 

tempei'Sture oonduc:rtiYit:r Masuresenta, the cell constant waa taken as 

UDChaDpd at dry ice temp4tre.t.ures. Eatimation or the change in cell 

constant with temperature change from 25°C to -78.5°C, using the coef­

ficient ot expansion of pyrex class (92 ) shoved the change to be leu 

than 1~. 

Conduct! rl ty l'W'l& at 25°C were carried out in an oil bath re-

plated Yith a tolu:ene-m.ercury regul.&tor to 25 t o.005°C. The tempera-

ture vu •aaure4 vi th a platinwa reaietance themoaeter to t 0. 001 °C. 

Thermometer resistance reading~ were a&de on a Mueller resistance 

br14ge (see Part 3). / 

l"or low t..peratW"e.·eondu.ctivity meuuraents, the cell was 

iaoned in :tiael:r crushed dr7 ice in a Dewar. A aall nichrome wire 

heater CODnected to a voltase reaulator waa eet in the bottom ot the 

I>evar to boU ott carboD 4iox14e and thue maintain the equilibriUJD. or 

aolicl c&rboll dioxide with an ataosphere ot pure carbon dioxide 188 { 
88 ). 

The oeU wu set 25 e11. above the heater and the platinua resistance 

tbe~er vas placed with its resistance coil equidistant between 

the electrodes mel touching the glass tube joining them. The cell vas 

CO!!!pletely covered with dry ice. a 2 ca. thick lqer or &lass wool was 

plaaed over this and a polystyrene cover. provided with holea tor the 

theraoaeter well, heater leads and conductance bridge leads, closed 

tbe Dewar. The heater vu operated until the temperature rose to e. 

steaq value. '!'he expected etea4y teJll)erature could be estimated from 

16 



a lmovlectge ot the ataoapherlc preaaure by meau ot the expressions 

0 13~9 
t( C) • 9.8ii37 - los10p - 273.16 II-1 

Heatins vu then diacontinued aDd uual~ wu not reqUired again dur-

ins a run eYell thoush the Dewar vu opened several times to Jl&ke addi-

tiou to the cell. After each ad4ition to the cell the dr7 ice at the 

top ot the Dewar vu broken up and additional dry ice added. Although 

the teaperature over a run chaD&ecl u the ataoapheric pressure chqed, 

17 

the teaperature tor each conducthity Muuraent vaa repl.ated :t 0.01 °C. 

The teaperature vu read to ± O.OOl°C with a platin\JII resistuce ther­

acaeter. All coru\uetmces were c~ected to -78.52°C, the sublimation 
.-·~ 

te~~perature ot aolid carbon dioxide at one atJIOitphere presaure, us ins 

the temperature coetticient ot 0.122 x 10-~ oba-l am:1/°C tor a 0.01 m 

solution ot potuaia tluorosulphate. This tactor. vu determined troa 

the tanputi&l a lope at -78. 5°C ot a plot ot the variation ot the con­

ductance ot a 0.01 a potusia tluorosulphate solution with temperature 

(Pic. 5). The rase ot teaperatures over which conductance• were mea­

sured vu -78.4- to -T8.83°C ud the JUX.iaum correction to the condua-

taace wu on~ 1. 5%. 

The solutiou tor ccmducti vi ty aeuurements were prepared in 

the tollowina 1181111er. F1uorosulphuric acid vu diatilled directly into 

the cell, weiahins the cell betore ud atter addition ot acid. Addi­

tion ot solid solutes vu aade v1 th the weight dropper shown in Pig. 6a. 

Liquid solutes Ulcl aolutions in tluoroaulphuric acid were added by aeans 

ot the dropper shown in Pic. 6b. After each addition the cell vu shaken 

well ad readinp were taken tolloved by t\lrther shaking until a stea<J;y 
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ccaducta:noe value vu attained. In the lov temperature meuureaents, 

it vu toun4 aore CCIIlftllient to shake the Dewar and ita contents rather 

tha tate the cell out. Tb.e concluctence ot solutions vu measured vi th 

a Wqne-X.rr Uni venal briqe operatiDI at 1000 cptl. 

3. Cqotoow; 

The theo1'7 tor the coolin1 cune method tor detenaination ot 

trM&illl points ia liveD ,by Mair, Glaa1av ad Roadni (l7 ) ad a detailed 

acoo\llt ot ita appltcattoa to tluoroaulphuric acid cryoacopy 1a giTen in 

R. c. Tbc&paon•a theaia(l5). 

The cl')"'&cope which is shown ill Pil• 7& vu a double walled 

ft&!el. The apaoe between the walla, A, could be evacuated to 5.111' de-

1ired preaaure 8114 the walla in thta apace were coated with silver, 

except tor a narrov vertical strip throUih which the solution could be 

obaened. The &lus or JIIOilel stirrer, C, vu operated through a teflon 

seal. at K by a aix volt electric v1n4ah1eld-viper 110tor. 'l'lle platinum 

reaietece thtl'llcaeter 1 B 1 vaa sealed at D to a. glass a leave ti tted 

with a JR&le Bl4 3oint 1 vhioh fitted into the top ot the cryoscope at I. 

A Leeds Northrup platiDUIIl reaistmce thermometer (Ho. 1331405) vu used 

in conjunction with a Mueller reeistace bridge (Leeda 11orthrup No. 1338840) 

tor temperature meaeU1'eJaellt. The the1"1101l8ter calibration wu checked b1' 

aeaauring the resistance at the triple point ot water in a Trus-Sonica 

Inc. 'Equiphase cell'. 

The proced_ure tor cryoscopy vas ae follova. '!'he cryoscope vas 

dried by pusin1 d.zy &ir in at F tor tvo hours. Fluorosulphuric acid vas 

distilled into the weisht clroppcr shown in Fig. 7b • which vas then attached 

to the cryoscope at P and dry air wu passed through tor another half hour 
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leaTing nov by J (Fig. 7b). A moisture guard tube vas att&ehed to the 

weight dropper at K ud the acid wu run into the cryoscope to a level 

Just above the ame.l.l diameter part of the cryoscope. The lilnount of acid 

introduced was determined by the difference in weight of the dropper. 

F end G were nov oloeed ad throushout the remainder of the experiment 

dry air vaa passed in at B .. leaving throuah E. Additions ot solute 

were made throueh P' using the droppers ahovn in Figs. 6a and 6b. For 

ver.r bTaroaoopic aolutiona, a aeoond container with a Bl9 Joint end cap 

was aployed and rather than reintroducins the dropper (i'1a. 6b),made 

vet by atmospheric !IOisture into the solute aolution, the dropper vu 

put into the aeoond cODteJ.ner and the solute oonta.iner wu oe.pped. The 

dropper snd second container ve:re washed and dr1ed after each addition. 

For the determination or the freezing point, a Dewar ot liquid 

air vaa placed around the lower part ot the cryoscope 1 which ve.s sus-

pended at the neck L in a stand. The temperature ...ra.s alloved t.o t'e.l.l 

to -70°C b•tore the interannular space, A, was evacuated to give the 

. desired cooling rate. Coollr.tg rates of betveen 0.2 and 0,5°C per minute 

yielded the beat results, The acid wu allowed to aupercool 2°C before 

initiating freezing o:r introducing a. small platinum strip cooled in 

liquid air. Rea.dinga vere a&d.e evert ndnute, from the ma.ximUlll temperature 

reached• tor ten ldnutes, then alteme.tely reverse and. nonul current 

direction reaclinp \fare made on the resistance thermometer every two 

minutes tor a turther twelve minut.s. A typical cooling curve with the 

extrapolation to the hees1na point ia ahovn in Fia. 8. Taylor and 

Rossini (lS) deaorlbe a geoaetrloal metho~ for thll extrapolation, but the 

coollns cunw wu extrapolated Yiaua.ll7 1D this vork and the treezins 

point is eatiaated to be accurate tot 0.005°C(l5). 



4. lfuclear M!l!letic Resonance S!!ct.roscopr 

Fluorine IMR spectra were taken on a Varian Aasooiates hip 

resolution speotrcaeter operated at 56.4 Me. The spectra were c&l.i-

oscillator. Some spectra vere intearated on a Varia Aasociates liMR 

Integrator, model V-3521. 
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Lov teaperature spectra were obtained by boiling off liquid air 

throuah a Varim Associates variable tellperature probe accessory, JIOUl 

V-4340. '1'.-peratures vere Muured by a copper-oonatmtu tberaocouple 

vith a Leeds llorthrup t•perature potenticaeter. Fluorine spectra vere 

run in sealed slue tubes of 5 •· diameter. 

Prot011 1MB spectra were tlkn on the above atectroaeter operated 

at 60 Mo. and on a Vari.m Aasociatea A.-60 spectJ'OIHter. Precidon IMR 

tubes were used tor the spectra takn on the A-60. In all spectra pre-

sented in this thesis the field strength increuea from lett to rilht 

and IMR shi tts are si ven in cycles per second. 

5. Mrue;tiq s~.eeptibility Meaauremepts 

t-!a.petic suseept:J.b111ty meuureaent1 on iodine solutions in 

tluorosulphuric acid wre made by the Go~ method and both th.e mom ahi:tt 

method ot Dickinson (B9) and the 11lm sisnal. broadening method(go) were 

investigated. 

The expression tor the weight susceptibility determined by the 

Go~ method is(9l): 

• a + @(F - ~) 10-6 
Xg v X II-2 



where a ia the correction tor the IJUIIoeptibillty ot the air diaplaoed 

vha the a-.ple ia introduced (0.029 x aaaple volume a co.) 1 8 11 a 
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conatant cha.raoteriatic ot the Go• tube and aapet uaed 1 11' ia the torce 

(veipt increaae) obaened vha the IUIPle ia placed in the aaanetic 

tield1 & ia the correcticm applied tor the suaceptibility ot the empty 

Go\Jy' tube 1 an.d v 1a the weight ot the a ample. ll'or thia vork 1 a 7,000 

causa aapet vith a 1.~ aa. pole sap vas uaed in conjunction with a 

Mettler Gr-tio balance. A Gouy tube• 1.2 aa. in diaaeter1 with a 

grosd slaaa cap to protect the aoluticma troa aoiature was auapended 

in the pole &AP• A polythene baa provided with oloae-titting holea 

tor the pole piece• and fitted to a slue tube extended troa the balance 

protected the Oolq' tube trca air 4ratta. 'l'be •aanet ., .. 110\mted on 

traoka cd could be aoved sva.y troa the aaple by tUl"r11ng a aarev. 

An avenp ot at leaat three ditt'erent readinp vu taken tor each 

veilhins and the variat1cm bet,._ readinp vaa never more than .:t 0.2 

••• 
The Go~ tube vu atandal'41aed vith a solution ot nickel chloride 

1D water{9l) ~ which waa analysed sraviaetriaally with diaetbyl~onae. 
',-, 

of •• 

'l'he weight auaceptibill ty ot auch a aolution 1a given by: 

~ ·[10i 30 c- o.'tl!o(l. .. o)Jx 10-
6 

n-3 

whel'tt C ia the nickel chloride concentration in p. per p. ot aolution. 

ll'or thia vork 1 C • 0.~5249 p./p. aolution 1 u • 0.11+3, & • 10.90 q. 

ud atan4ar41aation gave B • o.to4. 

The auaceptibilltiea ot the iodine solutions were corrected tor 

ao1vent and iodine tluoroaul.phate 41aaapet1aa. 



Both fluorine amd proton mut vera tried tor the detel"JJlinat1on 

ot solution susceptibilities. Por calibration o:t sh1tt, an extemal 

reterenoe vu uaed. The reteren~ wu contained in a narrow capillary 

which vas held ill a concentric position in the IMR tube by a gl.aaa 

bead attached to the bottom of the cap1ll&r)". Suaceptibilities of 

Fe(III) solution& 4etel"ttine4 by Gouy method vere uaed to calibrate 

aia:a&l broe.deninp. 

6. Visual. ad UV Absorption §Rectra 

Absorption spectra were taken on a Bauach aad Laab Bpectronic 

505. One centi .. ter path lensth cuvette• with inaerts to vary the 

path lencth 4ovD to 0.05 •· tacilitated atud;r o:t iodine solutions at 

concentrations comparable to those uaed in conductance aeuurementa. 

Spectra were taken at temperatures dow to -90°C in a quarts Dewar 

proYicled Vi th quarts vindoVa. The Dewar vu closed at the top vi th a 

rubber bUDI• Lov teaperatures were attained inside the Dewar by pus­

in& cold &1r into it t'roa a liquid air boiler. '1'eaperat11rea were aea­

sured vi tb a copper-constantan thermocouple and a Leeds llorthrup tem­

perature potentiometer. 

Fluoroaulphuric acid in a cell of l om. path length vas used as 

the blank tor all spectra. 
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Figure 2 Fraction Collector used on Distillation Apparatus 



25 



A B c 

Fiaure 4A Conductivity Cell 

Fi1ure 4B Lov Temperature Conductivity Cell 



35.0 

30.0 

4 
10 K 

2.5.0 

10.0 

s.a 

-2.00.0 

27 

-too.o o.o /00.0 ~00.0 

T 

Figure 5 Variation ot Potassium Fluoroaulphate Conductivity with Temperature 
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Figure 6A Figure 6B 

Droppers tor Solute Additions 
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Figure 7A The Cryoscope 
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Figure 7B Weight Dropper used fer 
Additions of HS03F to the 
Cryoscope 
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The Cruao?Pio Coa.s\,ut ~cl Boluticms of Some Bues 

Por dilute aolvtions, the treflsin& point depression caused by 

the presence of the solute is governed by the expreaaion(6o>, 
RT 2M 

t:.T = [ ioob6ll l 1l 
f 

•kra 
wheN t 11T is the tre«sing point depression 

R il the au conatet 

T ie the treesina point or the pure aolvent 
0 

Alit is the latent heat of twliOD per aole ot the solYeDt 

M 1a the *>lecular weight of the sol 'ftllt 

• ia the aolali ty ot the aolute 

tt is the cryoscopic OOAitat. 

Thia ezpneaion appliee OD1.1' when the solute is unchansed in the aol vent, 

Ili-l 

where v ia the nuaber ot particle• produced per molecule ot solute. 

When the. latent heat ot tuioa ia \mlmova, the cr.roacopic CODatant aq 

be c!atend.ned troa the tneains po11lt depreea1on caueed b7 aolutee wboee 

behaTiour ill the sol'ftDt ie lmovn. 

- 3J-



ThcapaOD (l5) eatiaated the oryoacopic constat ot tluoroaul­

phurlc acid troa the cr;rosoopy ot trinitrobenzeDe, potaaaiua tluoro-

sulphate and bari\111 tluoroaul.phate. 'l'rinitrobenzene is a •er.r weak 

bue ill tluoroau1phur1c acid ( 94 ). Allovins tor the all&l.l aaount ot 

protonation on the baaia ot Barr' a conductance aeuureaents (91+), 

Thc.paCil arrived at a T&lue tor kt ot 3.35 t 0.05. The Ol70acopy ot 

potuaiua tluoroaulpbate, a lal eleotrol.Jte, and bari\lll tluorosulphate, 

a la2 electrol.Tte, save the aaae n.lue. The C1'708GOp7' plot tor potu-

aia tluoroaulphate ahoved poaitive deTiation troa ideality and thus 
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a lild.tiDs elope vu ued to detendne the cr.roacopic constant. Hove"Yer, 

u will be shoWn later, the iDi tial cun-ature at lov concent~ations in 

plota ot treez1Da point dAtpreasiOD ac&inat aolali ty tor many aolutea 

ia not C.&Uied by non-i4eallt7' u tint augeated 'but ruul.ta troa reac-

tiona ot the aolute with trace tapuritiea in the solvent. 

Table I ad Pig. 9 gi'Ye the reaulta ot the cryoacopy ot two 

DOD•electrol.Ttea, pero.x;ydiaulphurylditluoride ad d1eulphuryld1tluoride. 

The results ot conductiTity aeuurements on solutions ot the tol'Jiler are 

given in Chapter V and it aee• sate to usuae that disulphurylditluoride 

acta u a non-electrolyte. 'l'hia plot exhibits no curvature in the con-

centraticm ranp atudied and ct "Yea a •alue tor the ceyoacopi o con at ant 

ot 3.93 :t 0.05. Sulphur trioxide acta u a non-electrolyte in tluoro­

aulphurlc acid alao(l3) and, it the initial curvature ot Thca.paon'a 

aulphur trioxide cryoscopy plot, reproduced troll. his theaia in l"ig. 10, 

ia ianored, the cr.roacopio constant determined troa this elope ia 

3.93 ! 0.05. Siailarq, the aul.phur trioxide cryoacopy trom thia work, 



Bspt. 8 in Table I md P'is. 12, gives kt • 3.98! 0.05. The alkali 

ut&l tluorosulphates produce tvo particles per aolecule in tluoro-

sulphuric acid and, it the straicht line part ot Thompson' a plots, 

Pig. 10, betveen 0.01 and 0.09 1101&1 ia taken u ideal, thia also 

gives a Y&lue tor the cryoscopic const1111t ot 3.93 :! 0.05. Similarly, 

potuaiua fluoride which sives three particles according toa 

III-2 

gives the 'Value 3.93 :! 0.05 trOD an i4e&l section ot Thoapaon's cryo­

scopy plot betveen 0.015 lllld 0.09 aolal in ns. 10. Ifo satisfactory 

explmatica ca11 be aiven tor the loY slope ot Thoapaon's b&riWR tluoro­

sul.phate plot (l5). Inooaplete dtasociation, vhich voul.d &i'Ye a 4e-

creuins a lope vi th increuinc solute concentration, baa bee sugeated 
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by 'l'ho11pson to acco\IDt tor the absence ot the poai ti 'Y8 deviations troa 

ideality usual~ observed with iODic tluorosulphatea, but even tor 81'1 

incoaplete}¥ dissociated 211 electrolyte, the slope at lov concentrations 

ia expected to be that of three particles ,which is not the cue in Fig. 10. 

The ceyoaoopic behaTiour of aaall concentrations ot hy'dropn 

tluoride, potaalillll tluoride, sulphur trioxide md solutes which sive 

tluoroaul.phate ica augeata that the aolYeDt, prepared by distillation 

u it vu throUflhout thia vort, oontaina trace 81110\IDta ot impurities 

vbich react with the solute initially to pre'VeDt the solute trOll ll&kinc 

ita normal contribution to treesins point depressions. When hydrocen 

fluoride ia added to the aolftDt there 1a initially a11 elevation, then 

a depression ot the freezing point, augceating the preaence ot excess 

tree sulphur trioxide, vhich reacts vi th hydropn fluoride to torm 

tluorosulphuric acid. 



BF + so
3 III-3 

The maxia\lll freesinc point of the acid will correspond to the state 

where equal concentrations of ~4rocen fluoride and sulphur trioxide 

are present in the aolvent. Bereatter the reaction of aolute with 

aolvent impuritiea vill be referred to as a cryoscopic titration. 

The crro•copic titration of exceaa tree sulphur trioxide in the pure 

aob .. nt with ~dropn fluoride ia ahovn in Fia. 11 ad the experimental 

result& are sivea in '!'able I. '!'here 1a considerable scatter of expert-

~~aD tal points due, probably, to the volatility ot hydrogen fiuorl de 

end react!OD with the glass cryoscope, but tr011 the end point of the 

titration, the concentration ot sulphur trioxide ie estiaated to be 

o.oo4 t 0.001 a. In ~xpe:riment T. care vas taken to prevent the loss 

ot hydropn tluoride b,- keeping the cr;yoecope and weight dropper below 

-40°C. The slope tor this experiment, altho\l&h sreater than :f'or the 

other experiJHBts • 1e at ill lower than that tor a non-electrolyte · 

but 1 t is not possible to conclude vbether this 1s· due to d!Mrbation 

or loss ot ~dropn fluoride. 

When excess )Q'dropn fluoride !a added to tluorosulphuric acid 

and back ti tra.ted vi th sulphur triold de the tree sins point rises to a . . 

aa.ximura ad decreues again u shown in P'ia. 12. The experillent&l re-

aults are siven in Table I. 'l'he aol&lity ot free excess sulphur tri-

oxide in the solftnt cum be computed by aubt.raction ot the molality 

ot the excess tree b:fd!'ogen tluor14e~detendned troll the end point ot 

the crroacopte titration vi th sulphur trioxide, trom the total 81110unt ot 

hydrogen tluoride added at the start. This gins a sulphur trioxide 

molality ot 0.0059 m. 



Ae shown in Pis. 10 1 all the CJ'10Scopic plot• tor ali&ll metal 

tlu.oroaulphates exhibit a. lent iDitial elope,Vhich is probabl.7 due to 
. ' 

the reactiora ot the tluoroeulphate ion vi th the excese sulphur trioxide 

in the solvent. 

III-4 

Gillespie &Del Robinecm ( 14 ) h&ve reported R8lll&D eviclence tor the pre• 

aence ot s2o6r- iODB in tluorcal&lphuric ac14 solutions ot sulphur tri­

oxide md potuaia tluoroaul.phate. 'l'bua • initial.'-7 1 cryoscopy v1ll 

indicate the presence ot cm.l7 one particle, the alkali metal cation. 

The cryoscopic end point, when the axcees aulphur trioxide is titrated• 

is the concentration at the intersection ot the initial. slope ot one 

and the alope ot tvo observed wen the solute is 11akins a t'Ull contri­

bution to f'reezil.lg peint lovertng. Ttl& mola.llty ot exceas sulphur 

trioxide found in this wq is 0.0072 m. The emooth cu.rva.ture a.t the 

end point sussests that III-4 1&1 u equilibrium. 

Cryoecop1ca.lly vater acta iD the same vrq as the alkali metal 

fluorosulpha.tea. The results are given in Table III &Ad plotted in 

Pic. 13. The water vu added as a solution in tluorosulph\U'ic acid 
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to prevent any splattering that. mq occur vhen vater ia added dire'ltl:y 

into the cryoscope (l5). 'lbe results are coneistent with the equilibriuaa 

propoeed b,1 Senior(lO) tram conductance aeaaurements. 

III-5 

'!'he by41'olpia 1a not obaene4 CJ701Copical~ aince both sidea ot III-5 

haft the aaae nuaber ot particlu. Both tll&Oroeulphate ad b74rolen 

fluoride cu react vi th the escese eulphur trioxide ill the solvent to 
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accoUDt tor the initial. low slop. ot the cryoscopy plot Uld estimation 

ot the sulphur trioxide aolality by the procedure outlined tor the fluoro­

eulphates gt ves 0. OOT2 m. 

'lhanpson' e potass11a fluoride cryoscopy plot, Pig. 10 1 also 

hu a small initial slope indioatins the reaction with excess sulphur 

trioxide. In this uperiaent three particles 1e the tull contribution 

of the so;ute accord.ina to III-2. It is not possible to ascertain the 

initial slope of the cryoacop)" plot tor potassium fluoride since the 

ftrat experiaental point 1a at o.OOTT a D'. However, usWRing that 

the reaction of hyclropn fluoride with sulphur trioxide via III-3 is 

the 4ollinut reaction initial~ 1 the b74rOcen fluoride procluced accord-

ins to III-2 vill react with excess sulphur trioxide to form solvent. 

The raov&l of b7uopn fluoride Vill reduce the il'dtial. contribution 

to the treesinc point depression to that of tvo particles ud the re­

moval of the excess sulphur trioxide will, in effect, cancel the con­

tribution of cae of those particles, thereby reducing the initi&l elope 

ot the potaaaiua fluoride cryoacc:J,W plot tcr that ot one particle. The 

cr,yoiaeopic end poillt derived troia the intersection ot a elope ot one 
'''; 

and the slope o~ three obaerved. above 0.015 a D' ciwa a auiphur t~i-

oxide molality of 0,0054 •· 
. ,. . . ;_;~ 

· < Th'U tar 1 OlllT sulphur tr1oXt4e has been OGilaidered u .a 1a-

puritJ" .4 it 1a ··- that there ia.··· variation in tree excea~ sUlphur 

trioxide concentratioa in the di .. tilled solvent. Water is probably 

&lao pre1ct u an iapuri t7 1 aa ahovr.l below, and would act to reduce 

the s\llphur trioxide concentration. It sulphur trioa!de were the only 

impurity in the solvent, there would be a correlation between the 
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tree zing point ot the original sol vent and the same amount ot sulphur 

trioxide tound by cryoscopic titration. However, the correlation is 

poor,aa shown in Table II. The acid used in the potuaium :f'luoride 

experiment has the highest treezing point but does not have the lowest 

sulphur trioxide aolality. Any attempt to correlate the treezinr; points 

ot the orisinal acid to the sulphur trioxide concentrations aa deter­

mined by cryoscopic titration SUSBests that there are variable concen­

tratioos ot illpurities. The presence ot water in the solvent is in­

dicat•d by comparing Thompson's sulphur trioxide cryoscopy • J'ig. 10, 

vith ~riaent 8 in Table I and Fig. 12. The pure acid in Experiment 8 

baa a higher treezing point (-89.005°C) than that used by Thompson 

(-89.015°C), SU&Beating a lover water concentration in the :f'ormer 

experiment. This is bom out in the cryoscopy plots. The concentra­

tion ot sulphur trioxide required attar the cryoscopic end point and 

betore a slope correspondina to one particle is attained is leas in 

Experiment 8, ll'ig. l2, than in Thoapaon' s experiment, ll'ig. 10. Pre­

suaabl.y the sulphur trioxide reacts with vater or its reaction products 

betore contributing t"ully to depression o:f' the treezing point. In ad­

dition, no curvature at low concentrations is noted in Thompson's barium 

tluorosulphate experiJunt, Fia. 10, vbere the low treezing point ot 

the pure acid augeata a high concentration o:f' water and consequent 

absence o:f' tree sulphur trioxide. 

It the deccmposition reaction III-3 were an equilibrium, the 

end point ot the hydrogen :f'luoride titration vith sulphur trioxide would 

be curved due to repression ot the equilibriua. From the experimental 
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results, Experiment 8 in Table I and Fig. 12 1 it is not possible to 

atate vhether there is my curvature but 1 it it is assumed that there 

is, it ia possible to put an upper limit on the concentration ot the 

decompoai tian products at the end point. The dotted line in Fig. 12 

represents the aaxiaum curvature alloved by the experiment. The tem-

perature at the intersection ot the extrapolations ot the straight 

parts ot the hydrogen fluoride and sulphur trioxide cryoscopy plots 

in Fig. 12 represents the treezing point ot an hypothetical acid con-

tainins no decoapositian products vhich can react with the solute. 

The difference betveen this temperature and that of the loveat point 

of the dotted curve is the :freezing point depression caused by the pre-

sence of the decompoai tion products at the end point. This treezing 

depression, o.oo8°C 1 represents a total. mola.lity ot 0.002 a vhich 

si vea Jtd ( •so3 ~ •HF} • 10-6 • 

In &UIIIIIUU'y', it IUiiY' be atate4 that the fluorosulphuric acid 

obtained by distillation at atmospheric pressure contains small amounts 

of excess sulphur trioxide in the order of 0.0055 :t 0.00,20 m and there 

is soae evidence tor the presence ot vater. Prom the shape of the 

cryoscopic titration plots of hydroaen fluoride with sulphur trioxide 

it is not poaaible to atate whether III-3 is an equilibrium. 

In Table III and Fig. 14 are given the reaulta of the ceyoacopy 

of aoae baeea. Lithium fluorosulphate ia seen to behave like potaasiUII 

fluorosulphate. The two organic aulphonyl fluorides dissolve vith 

ditticulty in fluorosulphuric acid and .1Udaing from the gradual. darken-

ins of the solutions, are slowly decomposed by the solvent if lett for 
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aQ1 time at room te.perature. Dissolution vas improved by using atirrins 



ot large amplitude. The normal amplitude vu used during the free zinc 

point determination since any stirring which broke the sur:tacie of the 

sol vent in the cryoscope prevented supercooling. It vas assumed that 

no decomposition occurred it the cryoscope temperature vaa kept below 

-10°C. These aulphonyl nuorides are even weaker bases thsn trinitro­

benzene ( 94 ) and may be non-electrolytes. Tetraethyl urea produces 2. 56 

particles per molecule and is thus partially diprotonated in fluoro-

sulphuric acid. Hantzsch hae reported that tetraethylurea is partially 

diprotonated in 100% sulphuric acid(93 >. 
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TABLE I 

Solutions ot Some Nop-electrollftes:, Preezinc Point Depressions 

Solute Bxpt. T v. vao1ute 0 eo1vent II t:.T - - -
8205F2 1 -89.007 125.025 ,0028 .017 

126.951 .0082 .034 

129.580 .0153 ,061 

131.664 .0208 .076 

134.095 .0269 .109 

136.274 .0322 .126 

8206F2 2 -88.994 148.770 1.640 .0556 .216 

3 -88.996 150.929 0,281 .00879 .032 

153.757 0.643 ,0193 .074 

159.437 1.348 .0385 .152 

163.585 1.860 .0518 .203 

4 -89.000 1211.921 .oo48 + .012 

127.704 .0121 .013 

129.886 .0177 .030 

131.670 .0221 .o44 

133.496 .0265 .058 

136.324 .0330 .o8o 

139.027 .0390 .100 

5 -88.996 127.378 .0072 + .005 

128.939 .0116 .018 

131.468 ,0185 .o4o 

134.319 .0260 .o64 
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TABLE I (Continued) 

Solute Expt. '!' v solvent v eolute AT 0 Jll - - -
HF 6 -89.007 124.276 .0243 .o4o 

124.929 .0301 .061 

126.332 .0425 .092 

7 -88.996 127.600 .0035 +.011 

129.269 .0074 .oo4 

130.821 .0109 .014 

133.063 .0158 .035 

135.662 .0213 .054 

139.061 .0283 .079 

144.3~6 .0384 .116 

HF 8 -89.005 135.831 o.ooo .oooo .ooo 

803 135.895 o.o64 .0248 .050 

136.162 .0058 .029 

136.853 .0209 .ooo 

138.143 .o485 .103 

139.756 .0824 .242 

140.755 .1029 .330 

142.296 .1341 .459 
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TABLE II 

Correlation of Pure Acid Freezins Points and Excess 

Sul2bur Trioxide Molalitz 

T 
sofl 

Solute Expt. 0 Excess -
HF 4 -89.000 .oo4o 

HF 5 -88.996 .0045 

HF 1 -88.996 .0033 

RF-so3• 8 -89.005 .0059 

~0 9 -88.994 .0072 

KSO F 3 
1411' -89.005 .0072 

KSO 11'' 
3 

621' -88.999 .0072 

KF Table XXXVI1' -88.987 .0054 

• - back titration 

1' - Thompson's thesis 
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TABLE III 

Solutions ot Some Electro~ea: Freezing Point Depressions 

Solute Ex;pt. T v v solute AT 0 solvent • - - -
~0 9 -88.994 138.763 .0032 .010 

140.325 .0075 .038 

141.789 .0114 .o66 

143.307 .0153 .095 

145.080 .0198 .129 

147.470 .0257 .177 

Li80f 10 -88.983 144.540 1.105 .. 0721 .547 

1.990 .130 1.021 

3.640 .238 1.927 

Ortho-ceta ll -89.005 132.995 0.480 .0192 .073 
dimethyl 
benzene 0.915 .0366 .133 
sulphoayl 
fluoride 1.370 .0548 .197 

1.810 .0724 .261 

2.275 .0910 .325 

Metbyl 12 -88.988 147,830 o.36o .0248 .100 
sulfonyl 
fluoride 0.760 .0523 .211 

1.130 .0780 .312 

1.510 .1041 .413 

Tetraaetbyl 13 -89.028 125.265 o.o84o .00578 .056 
urea 

0.1438 .00989 .095 

0.2326 .0160 .156 

0.3378 .0232 .229 

0.4275 .0294 .294 
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!!~!•tic 8uaceptib~lit&ea ot Io4ipe PAuoroeulphatea 

ill llUOl"'tt!l»!tJrlc Acid 

'.l'be aapetic J&OMDt ot the 'iodine cation' tomecl when iodine 

ia 41aaol~4 1n 65' oleum baa been 4eter.aine4 by s,.oaa and co-wor.kera(7S,SO) 

ua1q the Go\17 aetho4. 'l'heir value a rauae t:rca 1. !Jac (xM • 821 x 10·6 cca) 

to 2.5111 <xx • 2520 x 10-6 caa) but thq aive l.llar u their aollt reliable 

value ( 80). GrHDvoo4 and co-worken have reported. a aiailar value, 2. OBf, 

tor the 'iocline cation' toNed troa iodine in iocline pentatluoride when 

tracea ot vater are pnaeat. In quotinc theae aapetic llcaellta, the 

authon have ue'Uiled that all ot the 1o4ine ia pnaent u the io41ne cation, 

+ I , vh1cb vould have a apin ~ aapet1c acaent ot 2.83BC. The lov mac-

netic acaenta have been explained in tema ot the Kotani theory or by 

inv0lc1D& low-171na ain&).et atatea (B5) tor the solvated cation. Barlier, 

&:raon• ( 79 ) aqpated that the 'iodine cation t underv•t 41aproport1onation 

in 65' ole• Ul41 the decreue 111 pett with inoreuina concutration ot 

io41De reported 'b7 thia author(TB) a&kee thia explanation attractive, but 

1D recent publicationa(SO,B5), thia hJ'potheaia baa been cU.aoardecl in favour 

+ ot aa.plete toraation ot I • 

.Aa ViU be abovn in Chapter V, peroqocl1aUl.ph\U'Ylcl1tluor14e reacts 

vi th iocline in tluoroaulphuric acid to tom tluoroitulphatea ot iotine 

with the iocline in ditte:ret poaitive valence atatea correepondina 
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to 'the atoicbicanry ot the reaatu.ta. '!'be upfl'tic auaceptibilitiea ot 

the iodi.De ill the 2tl u4 lal ~/s2o6r2 aolutiona 4eereuea with iDcreu­

ial 1o4ine aolality u shown 1a Table IV and rt.a. 15. 'fhia aucaeata that 

the iocline in then aolutiona 11 not preaeat ailaply u an iodine catiOD 

will be c11aouae4 1A conJucrtiOD with the conductance aeaaureaenta Oft thb 

aolutiaa 1D Ch-.pter V. 

Tlw 00\Q' Mthod Y&ll ued to aeaaure the upet1c eueoeptibility 

ot eolu'tioaa Yith atoich1cae'tl'1 aoneapoDtiDI to x3so3r ud x
5
so3r. The 

reaulta are ai Tea ill Tole IV. 'l'be 811&11 par...,aaetio awaceptibiltty 

eshtbited b7 the iocU.Ile ill theae aolutiena cauot be aaaiped UJ'leq,uivo-

+ + aal.J.7 to 13 D4 1
5 

vhich, con4uctiaetr1c and cryoaoopic e'Y14e:noe euaceat, 

~ be preaent 1n theae aolutiaaa. On 't;he bailie ot 'YaJ.ace bond atructurea 

tor theae cation• DO panaapet1• 1a expected, &l.thouah '\he preaace ot 

low-l)'ba ucited atatea coul4 cauae 't~ratve 1Ddepen4eat par-a­

nett•' (9l). Hove'Yer, the •all P&r~~MP•tim could be accounted tor 1D 

other vqa. 
+ + ++ 

The preaece ot I 2 , I or ita diaer, ~ , could aive rtee 

to the p~ett•. 'l'heae apeciu could ariee trom 41aproport1oaation 

reactiODII 

2 1
3 

+...... """ x• + x,• IV-1 

3 I
3
+ -c ~ 2 Ia + + i,• IV-2 

3 I+ 

' 
-<>- x• + 2 I • 

7 IV-3 

+ + or tr<a oxidation ot I
3 

or I
5 

by aulpbur trioxicle Vbich ia preaent in 

uaJ.l cORcentrationa ill the sol'Yat. The auceptibUity ot the 



o. 095311 I2 solutiOD in bpe:r1aellt 1 T vu aeuured a second tiM atter 

u illtenal. of aix 4-rS a4 no iaoreue in par8allpetiaa vu noted, 
I 

vhioh indicates that the eolveat itaelt 4oea not oxidise the iodille 

in solutions ot 311 121s2o6v2 atoiob1CIIIetJ7. ftere is rrl.dace trca 

conduct ace •••~nts at 'Nil 1D Ch&J>"er V •hat the ioc1ille ill 5zl 

~/s2o6v2 aolutiona ia oxidiaed by the aolYet itaelt. lt the para­

a&~Detlaa ot these solutions resulted t.roa ox14at1oa b,r a ..all coc­

cetration ot tree excess eulphv t:rioxide,it voulcl be upected that 

u the iodizle coacetn.tion 1Dcreue4, the par~1aa vcn&ld be 

arad.Uall.7 O'W'erooae b7 the increaaill& ooncctratioa ot 4itlalilhtic iotine 

a,-ciea. The decrease ill X.O: vith tocreaaiq iodine aolal.itt in 

BaperiMnt 17 augeata that sulphur tricx1c1At ox1daticm 4oel occur. 

''fa:perature Uu1epea4ellt p&r~M&Aetiaa' and 41aproport1CD&ti«* could. still 

acco\lllt tor part ot the io&e ~etia but neither of theee ettecta 

would 'Vary v1 th 1ocl1lle ooncatration. . 

AD att..,t vu IUI4e to appl.T 1MB techlliqua tor tM uuv•ent 

ot uanetic auoepti'bilitiea ( 81•90 •95 ) to these solutioa.a. · l>ioldaaOI. (69) 

hu ehovn that a aolecule coa.taiDe4 in a hn»>thet.ical. apheroe ot · ,aacro­

aoopic dblenaiou but ...U capared to the aaapl.e aiae • ltin& ira a 

Mdi\111 ot volume awaceptibility x,. ,uperiencee a field gtvea b:y: 

H • H
0 

[l + (4w/3 - ca)x.,l 

vhere B
0 

is the t1el4 memal. to the sample ad ca ia_ a c011atut charao­

teriatic ot the sa.ple ahape. ror a o:yltR4rical sample ot infinite 

leqth • a • 2w ad IV-ll becc:.esa 



It H
0 

ia the hypothetical tield strength at which nuclear macnetic 

reaonance occurs in the abaence ot aediua auaceptibility ettecta, then 

the tield atrenlth, H', at Vhich reaon&Dce vill occur in the presence 

ot the aediua, is given by: 

IV-6 

It the aolecul.e 1e nov placed in a aediua ot voluae tuaaeptibility 

~· the tield strength at vhich reaonanae vill occur ia aiven bye 

The ahitt, 64 • observed in aoina troll the one aedium to the other ia 

then given by 1 

H" H' 
64 • H • • 2w/3( X:, - Xy) • 2w/36Xy IV-#$ 

0 

Thus when the aolecule in a 41•aanetic aediua ot susceptibility Xy 

iB transferred to a paraasnetic aediua ot susaept~bility X.:. the re­

•o•:umae 1a ahitted to hiah field. The expreaaion, IV-'8, can be used 

tor the determination ot the aapetia auaceptibilit7 ot par•asnetic 

ion• in aolution. For aolutiona ot lov concentration, the voluae aua-

ceptibility ot the aolvent in aolution can be uaUMd to be the aaae 

u that ot the pure aolvent ad IV•I aiaplitiea to aive: 
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vbere ~ 1a the aolar auaceptib111ty ot the pa:r•acnetic apeciea in 

solution ad M 1a the molarity. The expreaaion IV..19 ia onl7 applicable, 

according to Dickinaon'• aaau.ptiona(B9), vhere there ia no interaction 

between the apeciea underaoiD« reaonace ad the aaanetic specie• apart 



trca a bulk susceptibility interaction. Intel'lllOlecuJ.ar ettecta are 

accounted tor in IV-f by introducins an interaction tact or, q. 

A6 XM T • {2w/3 -cq) 'iQOo' 

Thua positive interaction can cause the ahitt, A6, to be reduced below 

that expected tor the paraaasnetic apeciea ot susceptibility .X,C· and 

ca even caue the direction ot ahitt to be reversed it the ·interaction 

ia atroDI enouch. 

J'l'Oil xt4 the ettecti w aepetic llCIIent, "eN' 

netic apeciea in solution aay be obtained troll {9l) s 

. j~ 
"ett • i 

ot the par•aa-

IV-ll 

where I 11 A:roaa4ro' • zauaber, 'r 11 the teaperature iD decrees &b•olute 

an.d k 18 the BoltBIUDD constant. 

Colmor uad S,.Ona (Sl), WJiftl u expreaaion like IV-9, have 

dete~ned the aa,netic auaceptibilitf of iodine diaaolved in 65J 
~ + 

oleaa. .Aaauain& aU of the iodine 11 preeent u I , they 11 ve t. value 

ot 1. 5JM tor the ettectift aapetic aoaent in cood aare•ent vi tit tbe 

value obtained b7 thea ( 80) uetn1 the Oou:r aetbe)d. Senior baa colttinaed 

their IMR vork (lO). 

'1'be reaulta of 'RMR abil"t l.euuraenta on l1l and 3tl ~/s2o6r2 
aolutiona are atven in Table VI ad are plotted. in Fta. 16. The N­

aulta at lov io4ine concentraticma are plotted in areater 4et,a1l,. in 

•s.a. 17. In the ••• tiaurea are plotted the expected variation• S.n 

ahitt vtth aolarity which have b-.n calculated troa the auaceptibilitiea 

detel'llined b7 the Go~ aethod {Table IV). The expected ahitta were 



calculated wains IV-$ and are li"Nn in '!'able V. The densitiea Vhich 

were uaed to convert the veipt auaoeP'ibilitiea to voluae auacepti-

bilitiea and the aolalitiea to aolaritiea vere deterained troa the 

veipt ot the solutiou ued tor each GO\Q' auaceptibility aeuureent 

and the 'YOlu.., 4.60 co. 1 occupied by the aolution in the Gou, tube. 

They are probab}T accurate to ! 2%. lone ot the aoleculea uaed to 

detect the par•aanetic susceptibility ot tbeae aolutiona. abon tbe 

expected dependence of ahitt, Aa, em iodine aolarity which augnts 

a011e interaction wi tli the paraaacnetic apeciea. .Ae the charse uao-
; + 

ciated with the Jl'esocatiq nuclei coea t!'om positive (H )·, throqb 

neutral (trinitrobenaene and s
3
of!2 ) to neaative (so

3
r•), the inter­

action 1 q, increues and in the lut cue the ahitt is to low rather 

than hilh field. In t&e laet cue the fluorine resonance ot tluoro-

sulphuric .acid vas uaed cd the tluorosulphate ion nsultinc froa 

autoproto~ia ad that uaociated with the positive iodine epeciee, 

which will f*bmse r~idly Yith the solvent, probably cauaes the 
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larse positive interaction and resultant dOWl'l-tield ahitt. Dickinson (S9 ) 

hu made similar obaervaticme vi th aqueous soluticD.a ot tranet tion 
.··~,~ 

metal cations and this behaviour h to be expected for positively 

charced par•apetic apeciea. The tluoroaulphuric acid proton under-

aoea a nesati ve interaction with the p&J:>aa&petic species. Dickinson 

hu rQOrted aeaat1ve interacticma tor cupric, chZ'Orlic ad nickel 

chlorides with the water proton. Both trinitrobenaene ud s3of!2 , 

vhi.ch are neutral in eolution and not expected to interact with the 

par..agnetic apeoies,exbibit positive interaction. 



As pointed out by Senior(lo),the use ot nuclei in the solYent 

aolecule, eapeciall7 in an hiahl7 uaociated aolvent, tor the deter-

llinat:ton ot panaqnetic auaceptib111ty,d.oea not aive eiaply the 'et-

teot ot bulk auacept1b111tr. Pint there will be an 1nteract10D, 

since 8D7 charged P&l'llllaCDetic apeciea rill be 1olvated and aecond, 

aD7 ionic 1pecies vill attect \he at:ruoture ot the solvent and cause 

a thitt(90). Birchall (9T) hu ahOVD that the addition ot ionic 

tluo:roaulphatea to tluoroaulphuric acid ahitta the proton reaonance 

to low field. '!'hie 1a de~cribed .u the result ot tvo ettecta; (a) a 

larae shitt to low field resulting troa a greater degree ot hydrogen 

bem4inl due to the tluoroaulphate ion, and (b) a ell&ll ahitt to hich 

tielcl caused b7 the brealdna up ot hy'droaen bonding by the cation. 

A proton taking part in a h:r4rolen bO!ld ia lees shielded than that 

aaaoaiated with a ainsle · Mit aolecule. Since the shifts repo"ed 

by Birchall (••«•, -0.822 pp111 ·tor a 0.697 • CtSO)' solution) are not 

tnnall collp&red to the thU'te ~eported in this vorlt (lxperiment 20 1 

Tabla VI) • the uae ot nuclei in ~J.esoct at eel aol vents euch u 65S oleUIIl 

or tluorosulphuric acid tor the dete~nation ot •acnetic auacept1b1-

lities probably will act lead to correct resulta. It is aurpriain& 

that the ma.a,net.ic auacept1b1litT ot iodine dissolved ia 65% oleum aa 

determined by the 1MB Mtho4(Bl.lO) earees with that tound b7 the Go1.17 

m.ethod(SO). The mm ahitt -.q• in tbia instance. be a o01lbiaat1on ot 

a nqativ. interact! Oil u observed tor tluoroaulphuri a acid iJa thb 

work .ad·a positive interaction r .. ultina trom the aaaociatiOD ot the 

'iodiDe catioa' u4 the b7dropD ccmt&iuins HB2o7
- ion which would 

uchuase with the aolWDt, lo !:Q'drocen contaiuinc au:l.ou are present 

in tluoroaulphurio acid, 
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The ltl I2/s2o6r2 eolv.tioa ahibita aa WlWJual. depeDUilce ot ah1tt 

Oil OGIUiillltr&"t:I.CID :I.D ita pJ'O'toA r•aODaoe. PiCe 16. 'fhe iultial UC&t:l.'ft 

ahitt is conaiderab~ peater than that reported b7 Birchall (9T) for the 

alkali Mtal tl\lOl"'nlph&tes. The deCHUiq aeaati'f'e lhift Vlth illCI'e­

i.Dc ooacentra:tion above o. 3ll ...,. reault partly :trua the brealt1Da up ot 

by4rogen bcm41ns in the aolvet. 

'!'he variation ot ahitt tor aolTet tluori.Ae u4 prot011 reeClbaees 

with chfll118 in t•peratU;re iA the lal ~/s2o6'12 aolttt10li is given in 

Table VII. Tha dacreue in the low t1el4 shift ot the flliorlne rescmaace 

with decreaaing tetAperature ie probably the renlt ot a number of ef'teeta 5 

change in solvent structure, c'hG~;e ill eolT&ticm and chan&• in the eolne 

equilibria which is cliscuaaed in Cha-pter V. 'l"be ahitt of the pi'OtQD re-

aacauce ia probably the result ot similar effecta 1 bu.t the ah1tt pa 

throqb a 1llUiJtua at -13°C 1111d besina 4ecreaa:l.na Tery rapidly belmr -60°C. 

These o"baervationa Cell be qual1tative,4r related to the erteat ot te~npera­

ture clSIIQie on the solute equilibria u4 the intenai ty ot the 640 11.11 

tt.~orption in the visual apectra, Cbapter V. 

The tlucrt;uatiq ma&Detic ttelda pro4uoe4 by pariiJU(IIletio ions 

in solution provide a aech&laa tor epi.J:a-latt1ae nlaxation ot the 

reaonating •ucleus. !he exp:reeeioa vhieb relate• the etteetift -.patio 

IIOMilt, llett• ot the p~etio 8J'8C1ea to the apin-lattice relaxation 

tiae ia• 



2 2 
l Ay n IP ~ett .,. . -
Tl k'l' 

vhere y 18 the aapetOSYric ratio tor the resonatina nucleus, n is 

the viacoaity ot the aolTent, JP ia the nuaber ot pareaacnetic iona 

per cubic centiMter, k Sa the Boltuumn oonatut, T 1e the t~ra.­

ture in deane• abaolute ad A 1a a cone tat. A hu bee uaiped 

aeveral d1 tterent Taluea by ditterent authors ( 90 ,9B ,99). The spin-

lattice relaxation tiM, T1 , which detendnes the sipal width in 

liqu14a ot lov TiacoaitT 1e related to aipal width by: 

where A is the width at halt heiaht. 

Rather than using IV-12, the relation between "ett aa.d. T1 1e 

uaual.l)r established by uaaing a "ett tor one P&r~~~UPetic ion ud 

detendnina other aasnetio moaenta on the baaia ot this •tand&rd. 

'l'hia method aives reasonable Yaluel ot "ett tor ion• other than thoae 

in which there is orbital contribution to the JU8Detic aoaent(90). 

Cormor ad Syaona ( 81 ) have ued 1i~al broadening to aeuure 

th~ •~~Petie IIOilellt ot the 'iodine cation• in 65• o1eua. The aip&l 

vidtha obtained b7' th• are auoh aaaller thu those predicted by the 

expre1aion IV-12 vi th A • 16/15 but by coapariaon vi th the aipal 

victtha obtained by Moraan (lOO) tor Cr(en);3 in a vater-al.7oero1 ldx­

ture ot the saae Tisooaity aa -65J oleua they obtain a 118CJ1etic aoaent 

+ tor I ot l.l!M ca.par&b1e to their result troa the GOU7 aethod. 

The line v14tba ot the tllK)riDe ad proton aip&la .ot tluoro­

sulphuric acid ad the fluorine sipal ot s3o8P2 in 111 I 2/s2o6r 2 
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aolutiona are civen in Table VIII and plotted in Fie. 18. It it ia 

aaaaed that the broa4en1DC ot the dpal 1a due to the preeenoe ot 

the paraaacnet1c epeciee aloae, the order ot line width at the aaae 

iodine .ol&lity tor the 41tterent nuclei aar be explained in ter.aa 

ot IV-12 by the chance in the ettecti ve viaooai ty. The fluorine ot 

tluoroaulpburio acid, tbroqh exohanse vith tluoroaulphate iOD will 

apend .o:re time near a poaitively charpd paruaacnetic apeciea than 

will the proton ot the acict. 'l'hua the •iaooaity aaaooiatecl with the 

to:naer viU be etteoti ve~ inoreued and the aipal rill be broader 

than tor the proton. 

The liiDal broadeninl ter tluorine ia s
3
oa' 2 and the proton 

in the aolYent do not ahow a linear dependence on iodine concentration. 

Thia ausaeata that the par~etic apeciea in theae eolutions ie not 

tol"Md quantitatinly, but tate1 part in acme equ111br1l.• proceaa. 

All attempt vu made to atandar41ae the proton IMR line vidtha 

in tluoroaulphuric acid vi.th aolutioJll. ot IOM lmovn p&ralllacnetic 

apeciea. It vaa tound that ferric chloride 41eeol"Yed in tluoroaul­

pburic acid with the &441tion ot potaaa1UIIl tluoroeulphate. A eaall 

8110UDt ot aolld depoaited it the aolution vu allowed to etand, but 

thia vaa reacl1ly filtered ott. Table IX ciwe the reaulta ot GoU7 

auaoeptibility aeuureaenta ad the IMR line widtha tor theae aolutionl 

ad theae are plotted q&inat each other in Pic. 19. Froa thie plot 
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the x
1 

tor the 1:1 I 2ts2o6r2 aolutiona in lxperillent 28 are determined 

troa the line vidthe and theae are oa.pared vith x
1 

deterained b.r the 

Gou;r Mthod in Table VIII. It CaD be seen that the acreeaent ie not 

sooct. Thia ia not unexpected vhen it ia cODaidered that the pareaasnetic 



,, 
' 

apeciea toraed by ferric chloride in nuoroaulphuric acid-.. ditter 

in charp ad solvation properties troll the iodine epeciea. 

!be 1MB Mthode tor the ctete:nainaticm ot aapetic auaceptibi-

li tiea in nuoroaulphuric acid do not appear to si w the correct re-
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aulta. Part ot the failure ot the ahitt aethod ad scatter of ezperi­

aental ~inte ._, be attributed to 'iibe shape ot the a ample. Dickinson ( 89 ) 

hu ahOVD that in order tor the aaaple to approsillate to one ot intini te 

1enatb required tor IV• 5, the :ratio ot ample lenct,h to auaple diaaete:r 

auet be sreater tba 10 to 1 Yith the :reacmuce beiDI observed at the 

aiddle ot the aaaple. Tb.ia :requireaettt ia not Mt ezactl.7 iD this 

vo:rk clue to the conatructicm ot the probe in the apeotroaeter vhioh 

baa the naceace •••1DI coil placed onl)o l ca. troa the bottoa ot 

the aaple. Tb:la allows a lensth to 41aaeter ratio ot leaa than 5 to l 

tor one halt ot the IMR tube ucl would cause ahitta to be naller than 

expected. 



Expt. 

14 

15 
16 

17 

18 
21 

Table IV 

M-~Petic SUac!ptibility Measurements (Go& Method) 

Solution mi v P(avs.) Xg 
2 g 

X 106 -
HS03P o.ooo 7.968 -23.52 -o. 3ll 

1:1 I2/s2o6P2 0.235 8.133 -18.21 -0.166 
1:1 I2/s2o6F2 0.0108 7.7986 -23.07 -0.300 

0.0253 7.9942 -22.55 -0.280 
0.0508 8.0874 -21.68 -0.254 
0.0879 8.0113 -20.54 -0.232 
0.170 7.8687 -18.38 -0.176 
0.328 8.1687 -15.55 -0.099 
0.879 8.8029 -10.79 +0.019 
4.67 10.7283 -10.79 +0.015 

3:1 I2/s2o6P2 0.0953* 8.1411 -23.34 -0.294 
0.0953 8.14ll -23.00 -0.286 
0.179 8.1093 -22.07 -0.264 
0.373 8.2658 -20.99 -0.232 
0.801 9.7953 -18.68 -0.148 
1.83 9.6776 -18.62 -o.148 

3.58 10.4294 -22.27 -0.207 
5:1 I2/s2o6F2 0.620 8.7745 -24.90 -0.309 
2:1 I2/s2o6F2 0.0479 7.9137 -21.36 -0.250 

0.0913 8.1456 -19.98 -0.210 
0.162 8.3542 --17.68 -0.148 

f - defined u cgs. units per 127 p. iodine 

• - remeasured after 6 days 
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~'f' 
x1o6 

-
357.2 
507.6 
646.7 

590.6 
483.5 
444.5 
387.2 
279.4 
125.4 
103.2 
146.2 
148.2 
128.8 
138.1 
80.5 
41.1 

98.0 
659.8 
581.0 
542.2 
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Table V 

Expected !:.G\ Shirts Determined from Gouy 

Maggetic Susceptibility Measurements 

Expt. Solution mi MI XV Axv AcS e 2 2 
X 106 X 106 (PJ!l•) 

14 liSOl' o.oo 0.00 1.73 -0.539 o.ooo o.oo 

15 1t1 I2/s2o6r2 0.235 0.377 1.77 -0.294 +0.245 0.513 

16 1r1 I2ts2o6F2 0.0108 0.0182 1.70 -0.510 +0.029 0,061 

0.0253 0.0436 1.74 -0.487 +0.052 0.109 

0.0508 0.0873 1.76 -0.446 +0.093 0.195 

0.0879 0.147 1.74 -0.405 +0.134 0.281 

0.170 0.272 1.72 -0.303 +0.236 0.495 

0.328 0.508 1.78 -0.176 +0.363 0.760 

0.879 1.21 1.92 +0.037 +0.576 1.23 

4.67 3.59 2.33 +0,035 +0.574 1.22 

17 3:1 I2/s2o6F2 0.0953 0.164 1.77 -0.508 +0.031 0.065 

0.179 0.298 1.76 -0.446 +0.093 0.195 

0.373 o.6oo 1.80 -0.418 +0.121 0.2;4 

o.Bo1 1.37 2.13 -0.316 +0.223 0.467 

1.83 2.42 2.10 -0.311 +0.228 0.478 

3.58 3.80 2.27 -0.470 +0.069 0.144 
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Table VI 

Mynetic Susceptibilitl Heasurements (tlMR Shirt Method) 

Experiment 19, l 3tl I2/s2o6F2 Resonance shifted: H in Hsr
3
F 

Reference: 1H in ES0
3
F. Temperatures 28°C. 

mi 
2 

MI 
2 Ao (ppm) 

0,625 1.09 -0.817 

0,490 0,875 -1.482 

0.236 0.393 -2.63) 

0,116 0.198 -2.500 

Experiment 20, 

I'll 
2 

MI 
2 .•. Ao (ppm) - -

4.67 3.59 +l. 585 

0.754 1.04 +1.970 

0.108 0.100 +0.542 

0.042 0.072 +0.359 

0.0053 0.0090 +0,12~ 

Resonance shifted: 1H in trinitrobenzene 

~2 MI 
2 - -

o.oo o.oo 

0.514 0.750 

0.114 0.188 

o.o46 0.0750 

0.023 0.0375 

o.ou 0.0188 

5obs, (pptl) 

-'1.617 

-4.496 

-4.567 

-4.600 

t.6 (ppm) 

0.000 

+0.121 

+0.050 

+0.017 
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Table VI (Continued) 

Experiment 23, 1:1 I 2 /s2o6F2 Resonance shifted: 19F in s
3
o8F2 

Reference: 19 F in s3o8F2• Temperature: 28°C. 

mi 
2 

MI 
2 8obs. (pJIIl) Ad (ppm) - -

o.ooo o.ooo -0.083 o.ooo 

0.514 0.750 +0.351 +0.434 

0.143 0.234 +Ool2r( +0.210 

0.029 0.0469 o.ooo 

O.OlL. 0.0234 o.ooo 

Experiment 24, l() 1:1 I 2 /B2o6F2 Resonance shifted: · F in HSOf 

Reference: 19F in HS0
3
F. Temperature: 27. 3°C. 

mi 
2 

J.ti 
2 

M (ppa) - -
0.235 0.377 -0.636 

0.118 0.195 -0.372 

0.078 0.131 -0.257 

0.059 0.098 -0.204 

0.047 0.077 -0.167 
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Table VII 

Varia.tion or 1-t!!Snetic Susce;r2tibilit~ vi th '::'em~rature ~mm Method} 

Experiment 25, 1:1 I2/s2o6F2 Resonance shifted: 19F in Hso
3
F 

Reference: 19 F in HS0
3
F. 

mx2 MI AIS (ppm) T(°C) - ..:a. 
0.235 o. 317 -0.636 27.3°C 

0.235 0.377 -0.569 o.o 
0.235 0.377 -0.530 -24.0 

0.235 0.377 -0.471 -47.6 

0.235 o. 377 -o.h65 -74.0 

Experiment 26 • 1:1 I2/s2o6F2 Resonance shif'ted: 1H in HS0
3

F 

RE-ference: l 
H in HSOl• 

ml 
2 

MI 
2 

66 (ppm) T(°C) -
0.1862 0.303 +0.595 28.0 

0.1862 0.303 +0.608 1.5 

0.1662 0.303 +0.620 -13.0 

0.1862 0.303 +0.612 -28.0 

0.1662 0.303 +0.608 -43.5 

0.1862 o. 303 +0.605 -60.0 

0.1862 0.303 +0.518 -75.0 

0.1862 0.303 +0.376 -87.0 



Experiment 23 

Experiment 24 

Experiment 25 

0.235 

Table VIII 

Resonance broadened: l9F in s
3
o8F2 

mi 
2 

MI 
2 A (cps) - -

o.ooo o.ooo 3.5 
0.514 0.750 13.2 

0.143 0.234 7.6 

0.029 o.o469 4.2 

0.014 0.0234 3.5 

Resonance broadened: 19F in HS03F 

mi 
2 

MI 
2 

A (cps) -
0.235 0.377 14.6 

0.118 0.195 17 •. 8 

0.078 0.131 7.7 
0.059 0.098 7.0 

0.047 0.077 5.4 

Resonance broadened: 1H in HS03F 

MI 
2 -

0.377 

A (cpa) 

14.6 

14.8 

19.2 

23.8 

34.7 

T(°C) 

27.3 

o.o 

-24.0 

-47.6 

-74.0 

66 
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Table VIII (Continued) 

Experiment 26 Resonance broadened: 1H in nso
3
F 

A {cps) 

0.1862 0.303 5.6 

Experiment 28 Resonance broadened: 1H in HS0
3
F 

ml MI A (cps) X X 106 x, X 106 

2 2 g +3 - - ( of Fe ~ ~Go!!l Methodl 

4.67 3.59 27.5 +0.085 +0.015 

0.879 1.21 10.5 -0.140 +0.019 

0.328 0.508 7.5 -0.185 -0.099 

0.170 0.272 5.3 -0.220 -0.176 

0.0879 0.147 1.5 ,..._, -0.280 -0.232 

0.0508 0.0873 2.0 ,..._ -0.280 -0.254 

0.0253 0.0463 1.5 /'V -0.280 -0.280 
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'~a.ule IX 

~rm Line Widths a."ld Har,nctic Susceptibilities 

(Gouy Method} ot Fe III Solutions 

Experiment 27 

v F (avs.) 
XI X 10

6 ll (cpa) 
I!:.. ~!.&!·) 

8.0637 +21.05 +0.825 180 

8. 0220 -11.56 -0.001 20.5 

7.8556 -23.22 -0.302 2.0 

7.979 -24.03 -0.311 0.5 



'X.M 

600 

400 

z.oo 

() 2:1 I2 /s2o6F2 (m~ = 0.00 - 0.20) }~pt.2 

[] l:l I 2/s2o6F2 (mi
2 

= 0.00 - 5.0} Expt. l 

<) l:li2 /s2o6F2 (m1 • 0.00- 0.20) Expt.l6 
2 

~ 1:1 I 2/s2o6F2 (mi • 0.00 - 5.0) Expt.l5 
2 

o.o 1.0 2..0 3.0 4.0 
I t t I I 

0.0 0.05 0.10 0.15 

Figure 15 Magnetic Susceptibilities : Gouy Method 
m 

0"\ 
\0 



2.0 

/.0 

0.0 

-t.o 

-2.0 

. 0.0 

I 
I 
I 

:-- Figure 17 

o.s 

Figure 16 Magnetic Suaoeptibilitiea 

()Expt.19 3:1 I2 /s2o6F2 
0Expt.20 l:l I

2
/s

2
o6F

2 
~Expt.26 l:l I2 /s2o6r2 
\7Expt.23 l:l I 2/s2o6r2 

<>Expt,24 1:1 I2;s
2
o6F2 

~Expected ~~. rxpt.15 &16 
1:1 I2/~06F2 

6Expected M 1 EJ:vt,. 11 
3sl I2/~u6F2 

1.0 
MI 

NMR Shitt Method t 

70 



o.4 

0.2. 

0.0 

-0.2 

I 
I 
I 
I 

~ lxpt. 19 

0.1 

1 . 0 Expt.20 1:1 I 2 /s2o6'F2 , H in HSOl 

\7Expt.23 1:1 I2 /s2o6F2 , 19F in s3o8F2 
0Expt.24 1:1 I 2 /s2o6F2 , 19F in HSOl 

G)Expectad Au, l.:l I 2 /s2of.l'2' Expt.l5 &s 1 

~Expected 6&, 3:1 I2/S?.06F2• Expt. 17 

~Expt.22 1:1 I2/S?.OG~2 , lH in TNB 

0.2 

Figure 17 Magnetic Susceptibilities NMR Shift Method 

(Detail ot Figure 16) 

71 



6 (crs) 

30 

20 

10 

0.0 

0 

2.0 

0 Expt. 

0 Expt. 

0 Expt. 

'\7 Expt. 

• 

28, 1H in HS0
3
F 

19 23, F in s3o8F2 
26, 1H in USO~F 

.) 

J 19 2 1 , r in Hf30 
3
F 

40 

72' 



73 

ISO 

50 

0.0 os· 

Figure 19 NMR Line WidthS : Fe(III) Solutions (Expt. 27) 



CHA.PI'ER V 

Visual and UV Spectra, CryoscopY and Conductivity 

From the freezing point depression and a knowledge of the cryo-

scopic constant, kf' the expression III-1 can be used to determine the 

n\Dilber of particles formed per molecule of solute, v. In this chapter, 

v will denote the number of particles formed per molecule of iodine, 12 , 

added to the solution. 

The number of fluorosulphate ions formed in solution per molecule 

of solute, y, is also given in terms of molecular iodine, I2• The y values 

in this work were determined by a direct comparison of the conductivity due 

to the solute with that of potassium fluorosulphate at the same concentra-

tion. The potassium fluorosulphate conductivities at 25°C were taken from 

reference 94 and those at -78.52°C are given in Table X and Fig. 20. It 

is assumed that the conductivity of the cations formed in the iodine fluoro-

sulphate solutions is the same as that of the potassium cation. This assump­

tion is reasonable aa the potassium cation contributes only 11% to the total 

conductivity of the potassium fluorosulphate (94 ). 

Pero!ldiaulRhUflldifluoride 

The results of cryoscopic measurements on peroxydisulphuryldifluoride 

are given in Table I and Fig. 9. The conductivity measurements at 25°C are 

presented in Table XI and Fig. 21. The very small conductivity observed 

vaa at the limit of the accuracy of the method and cannot be definitely 

- 74 -
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attributed to peroxydisulphuryldifluoride. The same order ot conductance 

increase ( """lo-5 ohm -l cm-l) vas obtained when a conduct! vi ty run was car­

ried out in which an empty dropper vas used. In this run the cell was 

opened, the empty dropper vas inserted and vi thdrawn, the cell vas closed 

and shaken and then the conductance vas read. The change in conduct! vi ty 

observed with peroxydisulphurylditluoride is probably due to atmospheric 

moisture and we mq conclude, therefore, that s2o6F2 is a non-electrolyte. 

1:7 I2/s2o6F2 

The work of Roberts and Cady< 34 > susaests that no higher tluoro­

sulphates than iodine trifluoroaulphate are formed t'rom iodine in excess 

peroxydisulphuryldifluoride. The present work indicates that this is also 

true in fluorosulphurio acid. The results of the cryoscopy of a solution 

or 1:7 I2/s2o6F2 are given in Table XII and Fis. 22. The plot gives a v 

of 6.32 in reasonable agreement with the reaction: 

v • 6.0 

The fluorine NMR spectrum of the 0.1082 m iodine solution, which 

was used to make additions to the cryoscope in experiment 35 1 consisted of 

two peaks separated by 89 cps in the fluorine-on-sulphur region of the spec­

trum. 'l'he large peak at lowest field can be assisned to the solvent on the 

basis ot the mole ratio ot the solvent to solutes. The small peak to high 

field of the solvent peak vaa shown to be that of peroxydisulphurylditluoride 

by the addition or a fUrther uaount ot the peroxide to the solution. The 

results discussed in the section on lt3 I 2/s2o6F2 solutions indicate that 

iodine tritluorosulphate undergoes exchange with the solvent which accounts 
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for the absence of a peak due to iodine tri f1uorosulphate from the NMR 

spectrum of the 1:7 I2/s2o6F2 solution. The iodine trifluorosulphate pro­

bably contributes to the solvent peak as a result of rapid exchange. Inte­

sration of the spectrum gave a solvent-to-peroxide peak area ratio of 11. B. 

The stoichiometr.y or the dropper solution, assumins reaction according to 

V-1, requires a solvent to peroxide fluorine ratio of 11.6 and, if the large 

peak to lowest field is due to both the solvent and iodine trit1uorosulphate, 

the required ratio is 12.4. The NMR ~pectrum at -90°C also consisted of the 

tvo peaks observed at 25°C 1 1ndicat1ns that the exchange between iodine tri­

tluorosulphate and the solvent is not stopped at temperatures down to the 

tree zing point of the sol vent • 

The fluorine 1fMR spectrum Of a solution of iodine diseol ved in an 

excess of peroxydisulphur.yldifluoride conaists of two peaks; a ~roxide peak 

and en iodine tri:fluorosulphate peak. In a solution with the . .r2ts2o6F 2 

mole ratio of 1:43 the iodine trU'luorosulphate absorption lies 372 cps to 

low field of that ot the peroxide. 

The results of cryoscopic measurements on solutions of 1:3 I 2/s2o6F2 

stoichiometry are given in Table XII and Fig. 22. The results of the con­

ductivity measurements at 25°C and -78.52°C are given in Tables XI and XIII 

respectively. Th~ conductivity run at 25°C is plotted in Fig. 21 and that 

at -78.52°C in Fis. 23. The v value, 1.93, and the very small y values 

(<0.1) at both temperatures suggest the same reaction as in the 1:7 I2/ 

s2o6F 2 solution: 

I2 + 3 s2o6F2 ~ 2 I(so3F)3 V-2 

V a 2,0, y • 0.0 
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The small conductivity probably arises from an ionisation ot iodine tri­

tluorosulphate. In order to determine whether iodine tritluorosulphate 

acts as a base or an acid, tvo experiments were carried out in which potas-

sium fluorosulphate vas added to a solution of the tritluorosulphate (Table 

XIV and Figs. 24 and 25). 

When the mole ratio of potassium fluorosulphate to iodine tri-

tluorosulphate exceeds 1 to 5, the conductivity ot the solution falls belov 

that of potassium fluorosulphate alone at equal potassium fluorosulphate 

molalities, indicating the removal of f.luorosulphate ion by the iodine tri-

tluorosulphate. Thus iodine tritluorosulphate acts as a very weak acid, 

Kv-3 + 
I(B0

3
F)

3 
+ 2 HS0

3
Jr -4E tt

2
so

3
F + !(00

3
1")4 V-3 

Cady and Luetig have reported tbe preparation ot the potassium salt, 

KI(S03F) 4(27 ). The conductivity does not pass through a minimum vben 

potassium tluorosulphate is added to iodine tritluorosulphate (Fig, 25), as 

expected tor the conduotimetric titration of an acid with a base, This is 

probably due to the presence in the solvent ot traces of water which acts 

as a baae(lO). 

Since the fluorosulphuric acidium ion is responsible for ,y95% ot 

the conductivity ot the solutions of acids(l5), it is possible to estimate 

+ the m.olal.ity of H2ao
3
F from a comparieon ot the conductivity of iodine 

trifluorosulpbate (Fig. 21) with that calculated for H2S0
3
F+(l5) and 

determine KV-3• The concentration of ~so3F+ in the 1:3 r2ts2o6F2 solutions 

is comparable to that of the impurities in the solvent and for this reason 

it ie not possible to detel'lline K\r_3 exactly, but an estimate trom the 

infol"'l&tion in Fig, 21 sives A..rl0-5• The ionisation of iodine trifluoro-

sulphate provides a mechanism for exchange of fluorosulphate with the sol-

vent and account• tor the absence of an !IMR signal due to thia compound in 
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fluorosulphuric acid solutions. 

Fig. 26 shows the visual and tN spectrum of a 0.124 m solution of 

iodine trifluorosulphate in tluorosulphuric acid containing a trace of water. 

Spectra taken at 28°C and -85°C are given. A 0. 03 c111. path length was uaed 

and thus the spectrum is equivalent to that of a 0.00372 m solution of 

iodine trifluorosulphate in a cell of 1 em. path length. It is virtually 

tmpoasible to keep water out ot these solutions and its presence is easily 

detected since the products of the reaction with water have a much hisber 

extinction coefficient than that of iodine trifluorosulphate. The addition 

of water causes those peaks which are characteristic of the spectrum of 

l:l I2/s2o6r2 solution at 25°C, 488 m~ and 640 mp, to appear in the iodine 

trifluorosulphate spectrum. From a comparison of the height of the 640 mp 

peak in the room temperature spectrum in Fig. 26 and in the spectrum of the 

l:l solution in Fig. 3~, it is estimated that the iodine molality which 

causes the l:l spectrum in Fig. 26 is o.oo4 m or l/l5th of the total iodine 

in the solution. The peak at 360 ·~ may be due to IOS03F which is discussed 

below. The presence of excess peroxydisulphuryldifluoride in the solutions 

removes the l:l absorption and the resultant spectrum of a 0.00014 m solu­

tion in a cell of l em. path length is shown in Fig. 26. There is no absorp-

tion above 300 ·~· 

The reaction between iodine trifluorosulphate and water at low tem­

peratures vas studied by cryoscopy (Table XV, P'ig. 27) and conduct! vi ty at 

-78.52°C (Table XVI, Fig. 28). There is an initial decrease in the number 

of particles with the addition of water at the rate of -0.19 particles per 

molecule of water added, then the water begins to contribute two particles 

per molecule in the normal manner (Chapter III, Fig. 13). The intersection 
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of a slope corresponding to v • 2. 0 1 the normal slope for water, drawn 

through the last point on the plot and the initial slope of -0.19 corres-

ponds to a water molality of 0.052 m which is close to the iodine trifluoro-

sulphate molality, 0.056 m, and suggests that the low temperature reaction 

occurs between one iodine trifluorosulphate molecule and one water molecule. 

The low temperature conductivity measurements lead to the same conclusion. 

The intersection of the small initial slope corresponding to y • 0.075 

with the slope of water in fluoroaulphuric acid given by the last three 

points in the plot corresponds to a water molality of 0.027 m. The iodine 

trifluorosulphate molality in this experiment is 0.020 m. These results 

suggest the reaction: 

The initial removal of particles may be accounted for by the polymeriaation 

ot iodoayl f'luoroaulphate and the small initial conductivity ma1 be the 

result of ionisation of the iodosyl tluorosulphate. 

When the solution of iodine tritluorosulphate and water from the 

conductivity experiment (experiment 45) vas warmed to 25°C, it turned from 

a pale green to a dark green-blue irreversibly and upon standing deposited 

a yellow solid not unlike the behaviour of Senior's 3:1 HI03/I2 solution in 

tluorosulphuric acid(lO). This green-blue colour,which is characteristic 

ot the iodine oxidation state ot one,suggesta that diaproportionation occurs. 

The cryoscopy of the 3:1 I2/s2o6F2 solution (Table XII, Fig. 29) 

gives v • 1.26 particles and the conductivity experiments at 25°C (Table XI, 

Fig. 30) and -78.52°C (Table XIII, Fig. 31) give r25oc • 0.69 and 



r_7a. 52oc • 0,65 respectively. These results are consistent with the 

reaction: 

3 • S 0 ~ 2 I + 2 SO F-~2 + 2 6~2 ~ . 3 + 3 V-5 

v • 1.33, y = 0.67 

It should be noted that in any reaction in which tluorosulphate ion is 

formed, v must be determined trom the slope or the treezin1-point-
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concentration plot after the initial small slope caused by the presence ot 

tree excess sulphur trioxide in the solvent (Chapter III). The preparation 

+ ot the third-valent iodine cation, r3 , in 98~ and lOO% sulphuric acid has 

(10 48 74 77) (10) been reported by several authors • • ' and Senior has given cryo-

scopic and conducttmetric evidence tor it in 7:1 I2/HI0
3 

mixtures in tluoro­

aulphuric acid. The spectrum ot a 0.0112 m r3so3F solution at 28°C using a 

o.ol em. path length which is siven in Fig. 32 is essentially the same as 

that given by Aubke and Cady( 3S). A similar spectrum is given by Symons 

+ ~ .{48) . . .. for r
3 

in 100/# sulphuric acid · ·· • · The spectrum ot the above r3so
3
F 

solution in tluorosulphuric acid. at -85°C is also si ven in Fig. 32, 'l'hese 

+ spe(:tzoa indicate that 13 probably de>es not disproportionate sin~e the 

chare.cteristio absorptions of the lll (lt,ig. 34), 2:1 (Fig. 3i) &lld 5:1 

(Fig. 33) I2/s2o6F 2 solution spectra are not observed. The 354 ·tall· absorp­

tion (-85°C) end 640 mp absorption obaerved in the 1:1 r2;s2o6F2 golution 

apectra, Fig. 34, and the 344 ·J11.1 peak of the 5:1 I2/s2o6F2 solution spectra, 

Fia. 33, are missing. The absorptions 305 IIlli and 470 IIlli are probably 

+ characteristic maxima for I 3 at 28°C. 
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5:1 I2/s2o6F2 

Symons< 4B) has shown that when iodine is added to solutions or 100% 

+ sulphuric acid containing 1
3 

there 1a no increase in the conduct! vi ty. This 

is accounted tor by the reaction: 

V-6 

The conductivity or rluorosulphuric acid solutions of r
3
so

3
F to which iodine 

has been added slowly increases with time indicating oxidation ot the iodine 

+ or t 5 by the solvent. The results of a cryoscopy experiment (Table XII, 

Fig. 29) in which the temperature ot the solution probably never rose above 

-20°C and thus oxidation vaa considerably reduced give v a 0.86 which sug-

seats the reaction: 

v-·r 

v .. o.no 

It is not possible to state whether the exper~ental v value. slightly 

+ larger than that required by V-7, indicates oxidation ot the 15 by the 

+ + solvent or dissociation or 1
5 

to 13 and iodine. 

The spectrum or the 5:1 t 2Js2o6F2 solution at 28°C and •85°0 is 

given in Fig. 33. The iodine molality vas 0.0093 m and the path length 

vas o. 03 em. The peaks at 344 11\.1 and 240 mp which are more intense at 

+ + -85°0• are probably due to t
5 

• Symons baa suggested that t
5 

in 100% 

sulphuric acid absorbs at 330 m\.1 and 450 IllS ( 
48 ). The absorption at 466 IllS 

+ + which ahitta to 452 mp at -85°0 ia present in both the t 3 and t 5 spectra. 

+ The peaks at 466 mp and 272 mp in Fig. 33 may be due to t 3 • The under-

+ lying absorption may cause the 305 mp peak or t 3 (Fig. 32) to appear at 

shorter wave lengths than usual. In the spectrum taken at 28°C • the abort 
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+ wave length peak of I3 may be lying under the broad absorption at 344 m)J. 

+ Alternatively, only a small concentration of I
3 

may be present in the 

+ solution at 28°C and the absorption at 466 m~ may be common to both 1
5 

+ and 1
3 

• 

The spectra of the 1:1 and 2:1 I2/s2o6F2 mixtures contain the 

three peaks at 640 m)J, 488 mp and 409 mp (Figs. 34, 35 1 36, 37) although the 

+ 488 m~ peak is obscured by the I
3 

absorption at 470 m~ in the 1:1 I 2/s2o6F2 

solutions containing traces ot water and in 2: 1 I2/s2 0 6F 2 solutions • The 

presence of these three peaks indicates that these solutions contain the 

same iodine species and the evidence to be presented in the following sec­

+ tiona susgests that the peaks are due to r2 • The variation ot the conduc-

tivity with iodine molality tor both ot these solutions (Figs. 30, 31) in-

dicates that an equilibrium is involved which removes tluorosulphate ion 

as iodine molality is increased. 

The 1:1 I2/s2o6F2 solution has been studied in this work by cryoscopy 

(Table XII, Fig. 22), conductivity at 25°C (Table XI, Fig. 30) and -78.52°C 

(Table XIII, Fig. 31) 1 magnetic susceptibilities (Chapter IV, Table rv, 

Fig. 15) and visual and UV spectra at several temperatures and iodine con­

centrations (Figs. 34, 35 and 36). The properties of the solution at room 

temperature dif'ter trom those at ""-80°C and it is convenient to divide 

the discuasion into two parts. 

(a) Results at 25°C 

The spectrum of the 111 I2/s2o6F2 solution at room temperature, 

Fig. 34, is very stailar to that of' iodine and iodine chloride in 65% 
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oleum( 80), iodine and iodine chloride in iodine pentafluoride containing a 

little vater( 82 ) and 1:2 I2/HI0
3 

and 1:1 I2/K2s2o8 in fluorosulphuric 

acid(lO). The spectrum is the same in all these solvents and is unaffected 

by the different solvation properties of the various solvents or the character 

of the associated anion. The addition of water to the solution gives rise 

+ to the 1
3 

peaks in the spectrum as shown in Fig. 35 at the expense of the 

characteristic 'iodine cation' peaks at 640 mp, 488 m)J, and l109 mp. The I+ 
3 

absorptions in Fig. 35 are not at exactly the same frequency as those in 

Fig. 32 because in the former case the peaks are shifted slightly by other 

absorptions lying under them. An 'iodine cation' peak at 488 miJ causes the 

+ r3 peak at 470 m)J to be shifted to longer wave lengths and the strong 

shoulder which covers the 200 - 300 m)J region shifts the 307 m)J absorption 

+ + of r
3 

to shorter wave lengths. r
3 

probably arises from a reaction of 

water with the 'iodine cation' such as: 

"4 r•" o + · ro+ 2 H+ + H2· ·~ I3 + + V-8 

Change in iodine concentration appears to have little effect on the spectrum 

of the 'iodine cation'. The spectrum in Fig. 34 is taken with a 0.0186 m 

iodine solution using a 0.01 em. path length which gives effectively the 

spectrum of a 0.000186 m iodine solution with a 1 em. path length. Fig. 35 

shows the spectrum of a 0.00019 m iodine solution taken with a 1 em. path 

length. Therefore the intensities of the two spectra are comparable. It 

can be seen that a lOD-fold increase in concentration gives a fall in the 

intensity of the 640 mp peak from 0.67 to 0.55 optical density. This result 

is diacuased in more detail at the end of this section. The 488 MIJ and 

409 mp peaks behave similarly, which suggests that the 640 m~, 488 m)J and 

409 mp absorptions arise from the same species. Several possible equilibria 
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may be examined for an explanation of the spectra. magnetic susceptibilities 

and conductivities. To facilitate the calculation of equilibrium constants 

interpol~ted y values,taken from Fig. 30 nnd listed in Table X'/I! 1vere 

used. 

Symons and co-workers(SO) have claimed that all of the iodine in 

+ 65% oleum is present as I • The analogous reaction in the iodine and per-

oxydisulphuryldH'luoride system would be: 

I S 0 F ---- 2 I+ + 2 SO F-2 + 2 6 2 ~ 3 V-9 

However, experimentally y is less than 1.0, which eliminates V-9, which 

requires y • 2.0. The equilibrium: 

2 IS0
3
F Kv-10 2 r• + ~ SO/'- V-10 ;o 

2 mi (l - a) 
2 

2 m1 a 
2 

2 mi a 
2 

does not give a constant KV-lO when the experimental y values are substi­

tuted into the expression tor the equilibrium constant: 

(I+][SO F-] mi y2 
KV • 3 • 2 V-ll 

-10 [rso3FJ · 2 (1 _ ~) 

tor which a • ~ • The calculated Ky_10 are given in •rable XVIII. : According 

to V-ll and Fig. 15, xMI+ at m7 = 0.03 m, where y • 0,646, would be 
2 

1990 x lo-6 ega units which corresponds to Pert • 2.19 EM. The expected 

+ spin on:ly moment for I which would have two unpaired electrons is 2. 83 Jil.i. 

Another possible equilibrium misht be: 

m1 (l - a} 
2 

V-12 



tor which a= f and KY-12 is given by: 

2 3 
mi Y 

2 
KY-12 = 2 - y V-13 

The experimental y values do not give a constant KY-12 as shown in Table 

XVIII. ++ It is expected that I 2 , which is isoelectronic in its outer 

shell with o2 , would heve a magnetic moment of 2.83 EM, the spin only 

value tor two unpaired electrons (50 ). The equilibrium V-12 gi vea at mi • 
6 2 

0.03 m tor which y • 0.646, xM ++ • 3980 x 10- which corresponds to 
I2 

lJ eft • 3.10 BM. This value is greater than the expected 2. 33 111.. 

The equilibrium: 

+ does not seem likely since I 2so3r would probably be diamagnetic or 

+ wea.kly paramagnetic by analogy with 1
3 

(Table IV, Chapter IV). 

Any equilibria ot the sort: ·• 

and the related equilibria with the. dimer I
2 

++ in place of' I+ ;mar be 

+ + eliminated as possibilities since the concentration of the 13 or .r
5 

'·.···;: 

required by the experimental y values would be readily detect~d in the 

spectrum. The y value of 0.698 at m1 • 0.0186 m iodine would require 
2 

+ + approximately 90% diaproportionation of I to I
3 

and I(so
3
F)

3 
which 

+ would give rise to an I
3 

molality of 0.0082 m according to V-15. This 

+ concentration ot 1
3 

would be detected in Fig. 34 when it is considered 
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that the molality of r3so
3
F in F'ig. 32 is 0.0112 m. Disproportionation 

+ to 1
5 

and 1(so3F) 3 does not seem probable for the additional reason that, 

if the iodine in the 1:1 12/s2o6F2 solutions disproportionate& to these 

species, the iodine in the 3:1 I2/s2o6P2 solutions would be expected to 

do so and as shown above there is no evidence for disproportionation of 

Experimental evidence to be presented in the section on solutions 

of 2:1 I2/s2o6r2 stoichiometry suggests that the iodine cation which 

causes the absorption spectrum with maxima at 640 m~, 488 m~ and 409 m~ 

+ is 12 • The primary reaction in the 1:1 12/s2o6F2 mixture would then be: 

4 + 4 - 2 12 + s2o6F2 ---+- 5 I 2 + 5 so3F + 5 I(R0
3
F)

3 
V-17 

y • o.Bo 

The limiting y value at low iodine.molalities is 0.77 (Fig. 30) in good 

agreement with V-17. Since iodine trifluorosulphate behaves as a weak 

acid, the products of V-17 would take part in the equilibrium: 

V-18 

This equilibrium would account for the negative deviation of the conduc-

tivity from linearity but it does not account tor the decrease in molar 

magnetic susceptibility of the iodine with increasing iodine molality 

+ (Fig. 15) and the relative decrease in the intensity or the 12 absorption 

at 640 m~ with increasing iodine molality (Figs. 34, 35 and 36}. Dimeri-

+ ++ sation of I2 to form a diamagnetic species r4 would account for these 

observations. 

Three possible equilibria which may fit the experimental results are: 

I 
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V-19 

V-20 

V-21 

?hese equilibria vould ~e accompanied by V-18 al&o. Disproportionation 

of I 2 + to iodine trifluorosul-pha.te and r
3 
+, as in V-19, occurs in the 2: l 

I 2 /s2o6F2 system discuf:sed below but does net take place in the 1:1 r
2

/ 

s
2
o6F 

2 
mixtures. Thie is 11.pparent from the spectra (Pigs. 3!1, 35 and 36), 

+ where although the re11!1.tive intensity of the r
2 

peak at 640 TIIJ is decreas-

+ ing with increasing molality, no r3 reakc (Fip,. 32) appear. Ar-parently 

the presence in the 1:1 I 2/s2o6F2 solution of a larger concentration of 

iodine trifluornsulphat~ than in the 2:1 r2;s
2
o6F2 Golution ~revents re-

+ + duction of I2 to r
3 

in the former. Association to form a s~able free 

radical, I2so3F, as in V-20, would eeem unlikely. Dimerisation of 

I 2so
3

F would be Tequired to account for the decrease in magnetic suacepti­

bili ty with increase in iodine molality. 

Iodine monofluorosulphate has. been prepared by Aubke and Cady ( 35). 

Dimerisnticn or polymerlsa.tion of thiB fluorosulphate is re.quired to pro-

vide a driving force in V-2l. since IVl equilibrium involving !S03F would 

have a.11 equal nu:nber of particles on both sides of the equilibrium. The 

eq,e1Uibria ·"-18 to i!-21 are all accompanied by at least one other equili-

brium and the conductivity resulta alone are insufficient to check the 

validity of these equilibria absolutely. 

The relative decrease in the intensity of the 640 m~ peak with 

increasing iodine molality is accompanied by a relative increase in the 



+ absorption below 300 mp• suggesting that the product formed trom I
2 

++ at higher iodine molalities, I 4 or (IS0
3
F)2 , must absorb in this 

region ot the speetrum. It 1a a reasonable assumption that all of 

the iodine in the 0.00019 m solution used tor the spectra in Fig. 35 

+ is present as iodine trifluorosulphate and t 2 and thus it 1a possible 

to determine the molal extinction coefficient tor the 640 mp peak, 

88 

+ ei
2
+(64o)' This gives the value 4310 and from this the molality of t 2 

in the 0.0186 • and 0.093 m aolutiens used tor the spectra at 28°C in 

Figs. 34 and 36 are calculated to be 0.013 m and 0.036 m respectively. 

From the xM taken from Fig. 15 at the concentrations of the spectra solu­

tions (~ • 508 x 10-6 ega units assumed for 0,00019 in solution) and the 

+ + molality for the 12 , the molar JU.inetic susceptibility tor I 2 can be 

calculated and the effective magnetic moment, J.teff' determined. This 

gives in order of increasing mi
2

; pett • 1. 76 lf.!, 2.09 EM and 2,28 lM. 

The expected effective magnetic moment of 12+ which would have & 2w312 
gro\IJld state is 2, 0 lJ.f. 

(b) Low Teserature Re•glts 

The results of the cryoscopy ot the 1:1 12/s2o6F2 solution, 

Table XII and Fig. 22, give v • 1.20. The conductiVity measurements at 

-78.52°C are siven in Table XIII and Fig. 30. The spectrum ot this aolu-

tion, Fig. 33, changes as the taperature is lowered and several new peaks 

+ appear. The characteristic peaks ot 1
3 

at 350 mp and 470 mp appear shifted 

aliptly trom the positions in Fig. 32 because ot the underlying lhoulder 

below 300 mp and the 'iodine cation' peak at 488 m.p. A strong peak appears 

at 354 IIJ.I. The absorption at 640 mp increaees to a maximum at -20. 0°C 



then decreases until, at -92.0°C, its intensity is approximatel.T one-third 

ot that at 25°C. The ahitt, t.6, ot the proton resonance ot the solvent 

in this solution exhibits a related behaviour with a maximum shitt observed 

at -l3°C (Table VII). The similar behaviour ot these two observations aug­

seats that the 640 m~ peak 1a probably that ot the paramagnetic species in 

solution. The changes in the spectrum with te11perature occur largely over 

the temperature range -75°C to -90°C and tor this reason the y values de­

termined at -78. 52°C are not strictly comparable to the v values tor this 

solution. Table XIX gives the interpolated y values tor the l:l r
2
ts

2
o6F

2 

solution at -78. 52°C. This system is probably governed by two equilibrium 

+ + 
constants; one involving the disproportionation of 12 to 1

3 
and I(so

3
F)

3 

which will be discussed in the next section and another involVing the 

species which gives rise to the peak at 354 mp. For this reason, the y 

values are insufficient to absolutely test any proposed equilibria. The 

equilibria V-18 and V-19 would account tor the experimental results. The 

right aide ot V-19 has v • 1.5 and the formation of' I(so3F)4 by V-18 

would give a lower v value. Further association to fol'il r
3
r(so

3
r)4 may 

occur. r
3
r(so

3
F)4 has the stoichiOJI'letry required tor iodine monotluoro­

aulphate<35) and is analogous to the salt KI(so
3
F\ (27). The absorption 

maximum at 354 m.~ mq be due to the I{B03JI•)i; ion. 

When iodine is e.dd.ed to the l:l r2ts2o6r2 solution the optical 

density of' the 640 m~ absorption in the spectrum (Fig. 34, mz • 0.0186) 
2 

increases until at 2al r2ts2o6F2 (Fig. 37, m1 • 0.0372) the optical density 
2 

(1.11) is twice that of the lal I2/s2o6F2 solution {0. 55). 'l'hia observation 
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ia not consistent with the assignment ot the 640 mp absorption to either 

+ ++ 
I or I2 since in the 2:1 solution these species would be accompanied 

by species of lower valence according to: 

V-24 

The spectrum of the 2:1 I
2
/s2o6F 

2 
solution, Fig. 37, has absorptions 

+ characteristic ot I
3 

( 300 llllJ and 475 lllJ.I, underlying the 488 Ill' absorption 

or the 111 r2/s2o6F2 solution) but their intensity relative to the 640 m,.. peak 

is too lov to agree with V-23. Characteristic peaks due to 5:1 I2/s2o6F2 

solutions are absent :f'rom the spectrum also. + ++ In addition, if I or I2 

is the species causing the 640 mu absorption, a decrease in the optical 

density at this frequency would be expected as iodine was added to the 

1:1 I 2/s2o6r2 solution. 

The behaviour ot the 640 m).l peak is consistent vi th the tonnation 

ot a h&lt-vel.ent iodine species. In dilute solution where disproportion&-

tion and association reactions are not i.Jilportant, the addition ot iodine 

to the 1:1 I2/n2o6F2 solution up to 2:1 stoichiometry may be accounted 

tor byf 

The !~ater magnetic susceptibility ot the iodine in the 2:1 I2 /s2o6F2 

solutions con:pared to the 1:1 I2/s2o6r 2 solutions • Table IV and Fig. 15 • 

is also explained by V-25. 



The results ot a conducti•ity experiment on the 2:1 I 2/s2o6F2 

solution are given in Table XI and Fig. 30. Interpolated y values are 

91 

given in Table XX. The conductivity at low iodine molalities approaches 

that of potassium nuorosulphate in agreement with the reaction: 

V-26 

and the negative curvature of' the plot suggests that scme association or 

diaproportionation reaction is occurring which removes fluorosulphate 

ions. 

The spectrum ot the 2:1 I2/s2o6F2 solution was taken at two dif­

ferent iodine molalities; 0.0372 m with a 0.01 em. path length, Fig. 37 1 

and 0.164 m with a 0.005 em. path length, Fig. 36. A ccmpariaon of' these 

+ spectra indicates an increase in the concentration of I 3 relative to 

+ the r
2 

concentration at higher iodine molality. This suggests that the 

following reaction is occurring:. 

v~27··· 

•r (1-a) mx (1-a) 
2 2 

Since the concentration of iodine tri:fluorosulphate in these. solutions is 

small and Ky_
3 

1a small the ettect of the equilibrium V-3 can be ~gnored 
8 . 

and, substituting a • 3 (1 -y): 

3rl - x11/8 [5(1 - x> 1s/8 
3 3 

KV-21 c 5/8 ra 51 3/8 
llli y - y 

2 

V-28 

Equilibrium constants xy_27 calculated :from interpolated y values are 

civen in Tabla XXI. Ky_27 is reasonably well behaved, augestinc that 
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V-27 is the predominant reaction which removes f'luorosulpha.te ion as the 

iodine molality is increased. 

If the description of the 1:1 I2/s2o6F2 solution as consisting 

+ of the iodine apecies I2 and I(S03F)
3 

(V-17) in dilute solution is 

+ correct, it should be possible to calculate the concentration of r2 in 

a 2:1 I2/s2o6F2 solution tro• the optical density or the 640 mp peak and 

+ the extinction coefficient calculated tor 12 from the spectrum of the 

1:1 I2ts2o6F2 solution given in Fig. 35 (c
12

+( 640 ) • 4310). From the 

optical density or the 640 DlJA peak in Fig. 37, the molality or I2 + in 

+ the 0.0372 m iodine solution is 0.0258 m. Calculation or the 12 molality 

by: 
Ill 

+ 12 
[ r2 J • T < 8y - 5 > 

for the equilibrium V-?.7 at the same iodine molality gives o.d284 m. 

+ The I 2 molal.ity ~alculated from the spectrum is in fair agreement with 

that calculated trom V-29 which substantiates the argument that the 2:1 

and 1:1 I2/s2o6F2 solutions contain I2+. Front the spectrum given in 

Fig. 36 for a 0,164 m iodine solution the I 2 + molality is 0.116 m and, 

aaoord.ing to V-29, the I2 + mola.lity :i.~ 0.114 m.. The agreemE-nt between 

+ the I2 molality ae e&lcul&ted by the two methods at two ditf~rent iodine 

molalities lends weight to the explanation ot th& results by the dispro­

portionntion of !
2 
+ according to V-27. 

The e.l..'"tinc:tion coefficient of r
3 
+ at 28°C for the peak a.t 305 ntlJ 

mfo/ bo calculated fron1 the spectrum for a 0.0168 m iodine solution in 

Fig. 3<'?. This gives EI + ( 305 ) • 8820 in terms of moles of r
3 
+. Using 

3 
this vnlue and the optical density of the peak at 302 mlJ in Fig. 37 • the 

+ 13 molality in this 2:1 I 2/s2o6F2 solution (m
12 

• 0.0372) is 0.0036 m. 



93 

The molaJ.ity in this solution may be calculated tor the equil1br1UIIl V-27 

from the expression: 

V-30 

This gives [I
3
+]:: 0.0056 m. Sirdlarly the spectrum in Fig. 36 gives 

(I
3
+J = O.Oh3 m and V-30 gives [!

3
+] "" 0.038 1'!l for a total iodine molality 

of 0.164 m. The agreement is only fair, suggesting that V-27 m&¥ not des-

cribe the equilibrium in the 2:1 I2/s2o6F2 solutions exactly. 

+ At m1 = 0.05, the molality ot r2 would be 0.038 m by V-29 and, 
2 

if aJ.l of the paramagnetism is caused by this cation, x
14 

for I 2 + becomes 

-6 1725 x 10 cgs units. ~l1hie molar susceptibility corresponds to an effec-

tive magnetic moment of 2.08 B.l4. This value agrees favourably with the 

effective magnetic moment expected for the 2w
312 

state of I2+, 2,0 BM( 5o). 

The variation of Kv_27 calculated trom y values tor different 

+ + iodine molalities and the discrepancies between 12 and 1
3 

molalities 

calculated from V-29 and V-30 and those calculated :t'rom spectra indicate 

that V-27 does not exact~ describe the state of the iodine in these solu-

tions. The iodine m~ also take part in equilibria like those suggested 

for th8 l:l I2;s2o6F2 solutions (V-18 to V-21). 

The results of the studies on the 1:1 and 2:1 I 2;s2o6F2 solutions 

indicate that the predominant paramagnetic specie• which gives rise to 

" + + 2 the b40 ml.l absorption is probably 12 • The I
2 

ion would have a. n
312 

ground state and since the splitting between this state and the diamagnetic 

2 '50) "l/2 state woUld probably be greater than kT' , we would expect the 

2 magnetic moment ot the 1r
312 

state alone, 2.0 BM. The effective magnetic 

moment determined for the 1:1 and 2:1 I2/s2o6F2 systems is in agreement 
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with this value. Electron spin resonance studies m~ confirm the exis­

+ tence ot I2 • 

The equilibria governing the behaviour ot the iodine tluorosulphates 

in the ltl I2/s2o6F2 solutions is not clear. With a precise knovledge ot 

+ ti
2
+(64o)• it may be possible to determine the I2 molality over a range 

of iodine molalities at 25°C and -78.52°C and with the conductivity results. 

determine the nature ot the equilibria governing this system. Low tempera-

ture magnetic susceptibility measurements would confirm the presence of 

+ I2 • which is indicated by the low temperature spectra. 
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Table X 

Potassium Fluorosulphate Conductivities at -J8.52°C 

Experiment 29 Weight Acid • 73,090 gm. 

"KSO F 
3 

~o3F 1{ X 106 

o.oooo o.ooo 4.505 

0.0144 0.0014 41.33 

0.0365 0.0036 100.88 

0.1223 0.0120 335.06 

0.1764 0.0174 491.24 .. 
0.2126 0.0209 589.03 

0.2728 0.0269 741.36 

0.3189 0.0314 853.42 

Experiment 30 Weight Acid • 92.150 

wKSO F 
-F-

'lly;so
3
r K X 106 

o.oooo o.ooo 2.021 

0.2715 0.0212 586.77 
0.2802 0.0219 6o4.o4 

0.2924 0.0228 629.30 

0.3091 0.0241 664.49 

0.3423 0.0267 735.81 

0.6283 0.0491 1283.43 



Table XI 

Conductivity et 25°C PeroX7disulphu~;ldi!lu6ride and 

Iodine Fluorosulphates 

Pero~disulphurylditluoride 

Experiment 31 

Weight Acid • 111.500 

Composition ot Concentrated Solution: 

Weight HS03F = 19.9457 

Weight s2o6F2 • 1.9102 

Weight ot Solution 
Added 

o.ooo 
2.2104 
4.2620 

6.4985 
8.6062 

10.4686 

m 
S206F2 

o.oooo 
o.oo86 

0.0163 
0.0244 
0.0318 
0.0384 

K X 10 

1.378 
1.529 
1.645 

1.772 
1.953 
2.216 
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Table XI (Continued) 

1:3 I 2/s2o6F2 

Experiment 32 

Weight Acid • 125.560 

Composition ot Concentrated 
Solution~ 

Weight RS03F • 19.0531 

Weight s2o6r2 • 1.9437 

Weight ~ • 0.8308 

Weight ot Solution 
Dlz2 Added 

o.ooo 0.0000 

1.5445 0.0018 

3.4771 0.0041 

4.9249 0.0057 

6.4209 0.0073 

8.2674 0.0093 

10.9077 0.0121 

16.2653 0.0174 

20.9145 0.0218 

K X 104 

1.404 

1.714 

2.120 

2.342 

2.617 

2.878 

3.189 

3.765 

4.213 

1:1 I 2/s2o6r2 

Experiment 33 

Weight Acid • 110.480 

Composition ot Concentrated 
Solution: 

Weight HS03F • 22.9855 

weight s2o6F2 • 1.7169 

Weight I2 • 2.2013 

Weight ot Solution ~2 Added 

o.ooo o.oooo 
1.1102 0.0032 

1.9356 0.0056 

3.3953 0.0097 

4.5o65 0.0127 

5.9150 0.0165 

8.2880 0.0227 

10.8826 o. 0293 

13.3811 0.0354 

16.0612 0.0417 

97 

K X 104 

1.438 

7.266 

11.76 

19.06 
24.10 

30.03 

39.15 

48.19 

55.99 
63.62 
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Table XI (Continued) 

2:1 I2/s2o6F2 3:1 I2/s2o6F2 
Experiment 46 Experiment 34 

Weight Acid • 46.270 Weight Acid • 113.680 

Composition of Concentrated Composition ot Concentrated 
Solution: Solution: 

Weight HS03F • 20. Ofl59 Weight HS03F • 22.3049 

Weight s2o6F2 = 3.1257 Weight s2o6F2 • 1,4273 

Weight I2 = 8.01~9 Weight I2 • 5.4895 

Weight of Solution •t K X 104 Weight ot Solution •r K X 104 
Added 2 Added 2 

0.0000 o.ooo 17.34 o.oooo o.oooo 1.262 

1.0295 0.0222 65.36 1.3192 0.0085 15.27 

2.1352 0.0453 11~.51 3.0502 0,0195 33.01 
3.0042 o.o647 149.01 4.6024 0,0291 47.82 

4.1265 0.0853 185.53 5.0780 0.0320 52.37 
4.8621 0.0995 209.34 6.7342 0.0419 67.76 
5.8101 0.1175 237.62 7.9326 0.0490 78.50 

7.1164 0.1415 273.81 8.9289 0.0548 87.24 

8.2876 0.1624 303.02 9.9489 0.0607 95.94 



Table XII 

CrzoscoPl: Iodine Fluorosulphates 

1:7 I2/S20ll2 

Experiment 35 

Weight Acid • 138.350 

T
0 

• -88.998°C 

Composition ot Concentrated 
Solution: 

Weight HS03F • 14.340 

Weight s2o6r2 • 2.145 

Weight I2 • 0.3936 

Weight of Solution 
Added 

3.180 

6.810 

10.760 

14.360 

1:1 I2ts2o6F2 

Experiment 37 

Dli 
2 

o. 0021 

o.oo44 

0.0067 

o.oo88 

Weight Acid a 124.000 

T
0 

• -88.997°C 

Composition of Concentrated 
Solution: 

Weight HB03F • 23.725 

Weight s2o6F2 • 2.147 

Weight I 2 • 2.7483 

Weight of Solution m1 Adde4 2 

2.9573 o.oo88 

4.4084 0.0131 

6.5348 0.0191 

8.9631 0.0258 

ll.6230 0.0323 

14.1652 0.0395 

AT(°C) 

0.051 

0.106 

0.166 

0.218 

0.043 

0.061 

0.089 

0.125 

0.155 

0.186 

1:3 I 2/s2o6F
2 

Experiment 36 

Weight Acid • 125.505 

T
0 

• -89.000°C 

99 

Composition of Concentrated 
Solution: 

~eight HS0
3
F • 20,860 

W~ight s2o6F2 • 2.745 

r!eight 12 • 1. 1706 

Weight of Solution 
Ad deC! 

5.845 

9.185 

12.915 

17.740 

21. 7'55 

3:1 I2 /s2o6r2 

Experi.111ent 38 

mi 
2 

0,0083 

0.0128 

0.0176 

0.0234 

0.0282 

Weight Acid a 122.945 

T
0 

= -89.003°C 

AT(°C) 

0.063 

0,097 

0.135 

0.182 

0.213 

Composition of Concentrated 
Solution: 

Weight HS0
3
F • 14.380 

vleight s
2
o 6F 

2 
= o. 76a 

Weight 12 = 2.945 

Weight of Solution 'llli AT(oc) 
Added 2 

1.2595 0,0065 0.026 

3.4177 0.0175 0.080 

6.2901 0.0316 0.145 

8.3548 0.0432 0.197 

10.5295 0.0516 0.242 

12.3911 0.0598 0,281 



Table XII (Continued) 

5:1 I2/s2o6F2 

Experiment 39 

Weight Acid • 126.565 

T • -88.998°C 
0 

Composition or Concentrated 
Solution: 

Weight Jiso3F • 13.135 

Weight s2o6F2 • 0.531 

Weight I2 • 3.266 

Weight ot Solution m1 Added 2 

1.2744 0.0076 

3.1847 0.0189 
4.8848 0.0285 

6.9776 o.o4o4 

8.73~2 0.0505 
11.0103 0.0624 

0.028 

o.o6o 
o.o84 

0.139 

0.167 
0.206 
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Table XIII 

Conductivitl at -18.52°C: Iodine Fluorosulphates 

1:3 I2/s2o6F2 

Experiment 40 

Weight Acid • 82.330 

Composition of Concentrated 
Solution: 

Weight HS03F • 19.9718 

Weight s2o6F2 = 0.7457 

Weight I 2 • 0.3160 

Weight of Solution mi 
Added 2 

o.oooo 0.0000 

3.3748 0.0023 

4.8114 0.0033 

5.9411 o.oo4o 

7.5677 0.0050 

9.3942 0.0061 

11.3061 0.0072 

14.2633 o.oo88 

3:1 I 2/s2o6F2 

Experiment 42 

Weight Acid • 75.365 

Weight of Solution 
Added 

o.oooo 

2.0681 

3.1962 

4.3699 

5.6136 

6.7654 

7.9393 

2.656 

5.099 

6.035 

6.652 

7.110 

7.672 

8.496 

8.841 

mi 
2 

o.oooo 

0.0127 

0.0193 

0.0261 

0.0331 

0.0394 

0.0456 

1:1 I 2/s2o6F2 

Experiment 41 

Weight Acid • 91.970 

Composition of Concentrated 
Solution: 

Weight HS03F • 19.8725 

Weight s2o6F2 • 0.9336 

Weight I 2 • 1.1863 

Weight of Solution mi 
Added 2 

o.oooo o.oooo 

1.5269 0.0035 

3.2670 0.0073 

5.4596 0.0120 

6.9084 0.0149 

8.2534 0.0175 

10.1326 0.0213 

12.1002 0.0250 

Composition of Concentrated 
Solution: 

Weight HS03F • 21.0131 

Weight s2o6F2 • 0.7772 

Weight I 2 • 2.9699 

K X 106 

2.96 

236.57 

355.46 

474.15 

596.37 

706.27 

811.43 

101 

2.172 

52.33 

103.26 

159.71 

193.69 

223.59 

260.27 

296.62 
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Table XIV 

Conductivity at 2~°C: Potassium Fluorosulphate Additions to 

1:3 I2/s2o6F2 Solutions 

Experiment 43 

Weight Acid • 101.820 

mi 
2 

wKSO F 
3 

mKSO F 
3 K X 104 

o.oooo o.oooo o.oooo 1.127 

o.oo67 o.oooo o.oooo 2.156 

0.0067 0.0035 0.0002 2.464 

0.0067 0.0142 0.0009 3.529 
0.0067 0,0177 0.0011 3.943 

0.0067 0,0209 0.0013 4.342 

0,00~7 0.0305 0.0020 5.578 
0.0067 0.0479 0.0031 7.870 

Experiment 47 

Weight Acid • 49.011 

mi 
2 WK603F ~o3F K X 104 

o.oooo o.oooo o.oooo 2.065 

0.0587 o.oooo o.oooo 2.961 

0.0587 0.0323 o.oo47 12.384 

0.0587 o.o44o 0.0065 16.12 

0.0587 o.o64o 0.0094 22.75 

0.0587 o.o84o 0.0123 29.67 

0.0587 0.1321 0.0194 45.50 

0.0587 0.1473 0.0217 51.08 



Table XV 

C~oacopy: Water Addition~ to a 1:3 I2/s2o6F Solution 

Experiment 44 

Weight Acid • 125. 505 

T
0 

• -89.000°C 

~2 WH 0 
2 

lllH 0 
.2 llT(°C) 

0.0282 o.oooo o.oooo 0.213 

0.0282 c.o464 0.0179 0.199 

0.0282 0.0941 0.0364 0.190 

0.0282 0.1407 0.0543 0.248 

0.0282 0.1866 0.0720 0.335 

Table XVI 
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Conductivity at -18, 52°,P: \vater Additions to a 1:3 I2/s2orl2 Solution 

Experiment 45 

Weight Acid • 82.770 

mi 
2 

WR 0 
2 ~0 K X 106 

0.000 o.oooo o.oooo 3.921 

0.010 o.oooo o.oooo 9.091 

0.010 0.0199 0.0113 43.06 

0.010 0,0412 0.0235 81.01 

0.010 0.0630 0.0359 238.29 

0.010 0.0838 0.0477 485.44 

0.010 0.1032 0.0588 705.55 
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Table XVII 

mi 
2 y X~ X 10

6 

-
0.01 0.759 508 
0.02 0.692 634 

0.03 0.646 61~2 

0.04 0.613 622 

0.05 0.592 593 

• magnetic susceptibility per 127 gm. iodine. 

Table XVIII 

mi 
2 lV-10 Kv-12 -

0.01 4.7 X l0-3 3.5 X 10-5 

0.03 9.3 X 10-3 17,9 X 10-5 

0.05 12,4 X 10-3 36.9 X 10-5 

Table XIX 

mi 
2 y -

0,005 0.52 

0,010 o.4B 

0.015 0.46 

0.020 o.44 

0.025 o.43 



mi 
2 

0.02 
0,04 

0.06 

o.o8 
0.10 

0.12 

0.14 
0.16 
0.18 

mi 
2 -

0.02 

o.o6 
o.1o 

0.14 

0.18 

Table XX 

y 

0.92 
0.91 

0.90 
0.90 

0.89 
0.88 

0.87 
0.87 
0.86 

Te.b1e XXI 

y -
0.92 
0.90 
0.89 

0.87 

0.86 

636 

598 

569 

553 
546 
543 
541 

Kv-27 

2.72 

1.76 
1.43 

1.48 

1.34 
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Figure 20 Conductivity at -78.52°Cz Potassium Fluorosulphate 
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Figure 25 Conductivity at 25°C: Additions ot KS03F to I(S03F) 3 
(Expt. ll3) 
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Figure 26 1:3 I2/s2o6F2 Spectra 
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APPENDIX 

List of' Spbols 

K - equilibrium constant in molal units 

BM - Bohr Magneton 

x
8 

- weight magnetic susceptibility, ega units 

XlfiC12 - weight susceptibility of' NiC12 solution, ega units 

~t - cryoscopic constant 

m - molality ot the solute 

~ - molality of' the solute X 

v - number of' moles of' particles produced in solution by one 

mole of' solute 

T
0 

- initial. freezing point of' f'luorosulphuric acid (°C) 

~ - magnetic susceptibility per mole of iodine species 

~ - magnetic susceptibility per mole of' iodine species X 

Xy - volume magnetic susceptibility, ega units 

H
0 

- the field external to the sample 

~eft - effective magnetic moment (BM) 

A6 - shift caused by change of' medium (pp~.) 

T1 - apin-lattice relaxation time 

A - NMR signal width at half' height (cps ) 

v g - weight of ample in Go~ tube 

MI - iodine molarity 
2 
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[X] - molality of the solute X 

y - number of moles ot tluorosulphat.e ions f'ormed per mole ot solute 

'I + ( 640) - molal extinction coefficient 
2 

'I +( 305 ) -molal extinction coeffie:ient 
3 

l - path length for spectra 

i ( 0~-lcm-l) " - spec fie conductance um 

+ ot I 2 at 640 m'IJ 

+ of 1
3 

at 305 m).l 

6K - specific conductance corrected for solvent conductivity (ohm-lcm-1 ) 

O.D. - optical density 
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