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and the nature and concentration of the impurities in the sclvent have been
investigated.

The NMR and Gouy methods have been used to determine the magnetic
sasceptibility of solutions of iodine fluorosulphates; The NMR method has
been shown to lead to spurious results.

Cryoscopy, conductivity and UV and visual\§pectrophotometry 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 iodihe trifluorosulphate which
has been shown to be an acid in fluorosulphuric acid., Measurements on
fifth- and third-valent iodine solutions indicate that 15+ and IB+ are
formed. Measurements on half- and univalent iodine solutions suggest that
Iz+ is formed. The observed magnetic moment of this species agrees well

with that required by theory, 2.0 BM.
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CHAPTER I

Introduction

The Fluorosulphuric Acid System

Fluorosulphuric acid wvas first prepared by Thorpe and Kirman
in 1892(1) by means of the reaction of hydrogen fluoride and sulphur
trioxide. Later several authors described preparative methods for
this acid using fuming sulphuric acid and an ionic fluoride or fluoro-
aulphato(z'3'h). Fluorosulphuric scid 1sk a fuming liquid with a very
vide liquid range (-89.00° to 162,5°C). It is a strongly associated
liquid as indicated by its high boiling point compared to that of sul-
phuryl fluoride, vsoara. Sulphuryl fluoride, which boils at -52°C,
has a molecular weight of 102.06 compared to the molecular weight of
fluorosulphuric acid, 100.07. It is one of the strongest protonic
acids knovn. Barr'!3) has shown that it acts as a veak acid in the
sulphuric acid system and that sulphuric acid is a weak base in the
fluorosulphuric acid system.

'rhe_ stmc‘auré of fluorosulphuric eacid is proposed to be ana-

logous to that of sulphuric acid with one hydroxyl group replaced by

fluorine,
HO 0 ~ HO 0
\ \/
/ N\ 7\
HO 0 r ]
I ' . IT




(5)

The Run@n spectrunm, deaerib’ed by Gillespie and Robinson is satis-
factorily assigned on the basis of this structure (II).

Fluorosulphuric acid reacts violently with water and hhs been
showm to hydrolyse according to the roution(6):

HSOF + H,0 ——= HF + 1,80, ' I-1
This reaction has been studied by several authors” 8,9) but has yet
%0 be olu.rly understood. woolf(a) has suggested that vhen the acid
is added to sn excess of water there is an initial rapid hydrolysis
folloved b; & slow hydrolysis. The large heat of solution may cause

- the initial rapid hydrolysis. However, Benior(lo)

has showmn by cone-
ductance measurements that wvater in excess fluorosulphuric acid dces
not cause complete hydrolysis but gives the stable equilibrium;

K

+ -
nao + 803F <> HF + 11230& 1.2

wvith K = 0,22,

m properties of fluorosulphuric acid as a non-aqueous solvent
vere first considered by Woolf‘''), He purified the acid by distilling
it twice at atmospheric pressure, collecting the fraction b‘bili.xié st
163.0 % 0.5°C and redistilling this fraction under vacuus by trap to
trap distillation. The specific conductance of the acid he cbtained
was 2.20 x 10"" ohn"lm “1., To accomt for this ccmductn.nce; Voolf
concluded that the predominant self-dissociation equilibrium was one
of autoprotolysis:

2 88031' 32803! + 8031' I-3

The abnormally high conductance of the fluorosulphate ion in water
lead Voolf to suspect that conduction took place by a proton transfer

mechanism,



Woolf suggested that the 8,0,F ion may be present in small
concentration in the pure acid, Raman spectra of solutions of sulphur

tiioxide in fluorosulphuric acia(l®)

indicate that this anion is only
formed in sclutions containing excesa fluorosulphate ion. Moreover,
B.rr(13) has showvn that the addition of sulphur trioxide to & solution
of potnsn?un ‘fluorosulphate causes a decrease in conductivity which
can be accounted for by the replacement of fluorosulphate ion by thé

less uobile'saosr' ion., Lehmean and Kolditz(ls)

have prepared K8206F'
vhich they report as a weakly dissociated complex of sulphur trioxide
and potassium tluorosulﬁhate. |

Electrolysis of the anhydrous acid gave a mole of hydrogen-
at the cathode for every two Faraday's of electricity ind an oxidising

solution at the anode. Hooltvaugzeltcd that the anode reaction formed

the peroxydifluorosulphate ion:

P o— 5206F2 + e

3 I-4

2 80

(12) on the electrolysis

ﬁowever, in the light of Dudley's work
of fluorosulphuric acid solutions the :likely anode reaction is one
of complete oxidation to'peroxydiaulphurylditluoride, 8206? .

Vbolf41nvuntisatod several fluorides for acid-base character.
Using conductimetric titratioﬁ he found that sntimony pentafluoride,
auric fluoride, tantalum pentafluoride and platinum tetrafluoride vere
acids and arsenic trifluoride, antimony trifluoride, bromine trifluoride
and iodine pentafluoride were bases,

Studies on the'fluoroaulphuric acid solvent system vere ex-

tended by Barr(l3). He obtained acid with a specific conductance of



1, lover then that of Woolf, by simply dis-

(94)

1.085 x 10™* o~ car
tilling commercial acid twice at atmospheric pressure, Thompson
suggested that Woolf's method of final purification by trap to trap
distildation under vacuum may concentrate hydrogen fluoride in the
distillate and thus cause greater ccndhctivity. Barr observed that
the alkeli metal fluorosulphates have similar conductances suggest-
ing that the conductivity is mainly due to the common fluorosulphate
ion., Determinstion of the trtn:pbft pumbers of the potassium and
fluorosulphate ions gave 0.1l and 0.89 respectively. The abnormally
large modility of the fluorosulphate ion suggests that it does not
conduct by u simple diffusicn process. |

_ Thompson adapted the non-equilibrium method of Bossini(IT’la)
for the dstermination of the freezing points of solutions in fluoro-
sulphuric acid. Using cryoscopy, conductivity and 19? nuclear nig-
netic resonance, he studied the behaviour of antimony pentafluoride
and its resctions vith sulphur trioxide in fluorosulphuric scia®),
From & precise knovliedge of the dimerisation equilibrium of the
sara(sosr); ion and the conaueuvity of the corresponding potassium
salt and acid, he estimated the mobility of the fluorosulphuric
‘acidium ion, For the autoprotolysis equilibrium constent Thompson
obtained 3.6 x 107° moleZkg 2,

Several methods of preparation of fluorosulphates have been
reported. Traube obtained alkali metal and ammonium fluorosulphates
(a) by fusing mixtures of pyrosulphates and fluorides, (b) by reacting
fluorides with sulphur trioxide and (c¢) by direct reaction of fluoro-

»20)

sulphuric acid vith the fluoride’l® Hayek, Puschmann and Czaloun



have prepared chlorofiuorosulphstes from the metal chloride and fluoro-

sulphurie mid(al). The reaction ot sulphur trioxide with the fluoride

(22)

has been used to prepare nsog, Agscsr , alkaline earhh fluorosul-

phates, Sb(so l") and 2 As!‘3o3 8'03(23). The latter conp»ound has _been

shown %o be & mixture of ASF(S0.F), and AsF,(S0 r)(""". AL(SO,F); hes

heen propmd from aluminum chloride and fluorosulphnric acid(za)

Fluorosulphates of silicon, titanium, arsenic and tin have been cbtained

by the reaction of silver fluorcsulphate with the comsponding chloride

(22)

in acetonitrile but the products contain coordineted solvemt'22). woor£(29)

‘has §r¢ymd the nitrosyl fluorosulphate from nitrosyl chloride and

fluorosulphuric acid in bromine trifluoride, The discovery of peroxy=

(26)

disulyhnrylufluoride and ﬂ.uorinc tluorosulphate provided new -

mathods of preparation of flnoresulpham:. HP 803! has been prepared

from dinitrozon tetrafluoride and pomvdiaulphuryldiﬂuoride(zﬂ
Several tm-iuon netal mﬂwmlulphatu have been pnpmd by
rescting peroxydi-ulphmlunmridu vith the metal or netal chloride(27’28).
Only the cis iscmer of srh(sosi)é 13 '6btained by the reaction of sulphur
tetrafluoride and p.roxydnupnuryuiﬂuouum). Cedy and go-workers
hoxokp;upu.red the trifluorosulphates of dromine and iod;no(n) a.nd the
sahydrous potassium sf.lts, .m:(‘&g_’,')hf?"nd X1(so ") (27), Thi-na.turo of
the mized bromine fluoride flubidsniph;tu. Br,?,(S0gF), and BrF(80 r)2(33)
and 1odim fluoride tluorogulpbﬁ.ﬁq. ‘,\11’3(803?)2(32) nas yot to be come
pletely wnderstood. All of th§ ﬁ.lo@‘n monofluorosulphates have been
obtained. Fluorine rluoro-ulghatu 1: prepared from fluorine and sul-

phur trioxide at teuperct.ures i.n excess of 170.,0(26)

» vhile the other
moﬂuorouulphutu are made by thc na.ction of the halogen vith peroOXy-

disulphuryldifluoride(31033+35)



Iodine Cations and Oxy~cations
Of the common halogens iodine is the most electropositive and

therefore the most likely to exhibit cationic properties. The experi-
mental evidence suggests that the formally higher valence iodine cations

such as 103" and Ioz* are of doubtful existence wvhile there is Justifi-

cation for I‘. I;.

5
Several seven-vealent iodine compounds have been umade,which may

ena 10°.

contain cationic iodine but no structural or conductimetric studies

have been done., Schmeisser and Leag have claimed IO
(36)

3F is prepared by

fluworinating periodic mecid in hydrogen fluoride Schueisser and

Brandle have prepared 103[1012] ;é IOB[I(HO }(37). On the basis

(38)

3)2
of ultraviolst spectrs, Symons bas suggested that ortho periodic
aci{d is protonated in strongly acidic solutions giving I(OH);.
Howvever, the same author verifies the instability of periocdic acid in
1003 sulpburic acid. Ogier'3?) claimed to heve prepared 1,0, by ozoni-
sation of iodine and more recently Symons has reported its pm#atim
from periodic secid nd 65% oleun(sa).

+ has been postulated by '
(k0)

The five-valent iodine oxy-cation, 10,

. several authors. Aynsley, Nichols and Robinson suggested the fore

wals 10,"IF " for the white orystellime cxyflucride, IOF,, which they

(36)

prepared from xao snd IF_.. B8chameisser and Lang prepared a 1:1

5 5
complex between lodyl fluoride, I0,F and arsenic pentafluoride, which

2
they formuliated Ioa’Al‘Fs". Ayngley aend Bampath(hl)

were unable to
prepare complexss of IozP wvith arsenic pentafliuoride, sulphur trioxide

or boron trifluworide., They suggested that Echmeisser's complex should



be formulated Ath IO F ~ but did not apply this reesoning to IOF3

vhich might similarly be formulated IFh IOaF2 . The pentavalent iodine
eation IFh‘ has been postulated to sxist in the IFS.SbFS complex(he)
(43) (k1)

and to contribute to IF5 conductivity . Aynsley and Sampath

were able to prepare the dlue complex IozF-O.a Sbrs, whiich may exhibit
;onic.praporti-s. By snalogy with noa* Meyers and Kennndy(hh) sug
gested Ioa* as an intermediate in the lodate-iodide exchange reaction,
Muir‘hs, used the fenction of sulphur trioxide and the iodine oxides,
;205 and I205, to prepare I,0,°3 o03 and Ieos'“ u03 which were recently
verified and formulated as iodyl compounds, (IO )(IO )83010 and

(IO )23207'(h6). o experimental evidence for this ionic formulation
has been given, Sanior(ET) reported a white solid I 5 3. which pre-
cipitates from concentrated solutions of iodic acid in 100% sulphuric
acid and which may be formulated s {iodyl sulphate, (102*)230h’.
However, cryoscopic and conductimetric evidence suggest that the solid
is polyweric. SIJymods report(ha)

in 100% sulphurie acid to give Y 103 is shown to be in error by

that iodic acld i3 simply protonated

S8enior's work which deuonatratasvthnt»tha only pentavalent iodine cations
in solutibn'are of tha type (Iﬁé)n(ﬁﬁdg);_l. Similar studies in fluoro=-
sulphuric acid indicate a similar bdﬁaﬁiour for iodic acid gilving the

+(10)

cationic species (IOF ) 80. F Recently the preparation. of iodyl

rluorosulphata. I 3P has been raportad(1°1). _
: The triply charged iodine cation, 1*3, is an unlikely tervélant
fodine species since it would have the unstable outer electron confi.

guration 5 .2 5 32. Hovever, many compounds formally containing this



oation are known., The acetate, I(00CCH
(49)

3)3. was first prepared by

Schutsenberger and since then improved methods have been developed

and a wide range of analogous compounds with orgenic acid ligands have
been prepared(sl’sg). During the aelactrolysis of a solution of iodine

triacetate in soetic anhydride the i1odine moves to the eathode, indi-

cating the cetionic nature of the iodine specics(ﬂ). Several "I*"

compounde with inorganic ligands are known. The iodine oxide, Iho R

which may ve formulated as 1(103)3, was Tirst prepared by Ogier(39)

from the reaction of ozone snd icdine., More receat studies of this

oxlide have been made by Fiehter and covorkers 5358)

(s

and Bahl and

Partington
(51)
IPOh

Fichter and co~-vorkers have prepared the phosphate,

and a perchlorste, I(Cloh) ‘2 § O(Sh). Rocently Adlcock and

2
(63)

Waddington kuuddehwem&Iwmw3Wrmﬂmgmﬁm

and silver perchlorate in ether. Several authors have reported the
prcp&i‘a'tim ‘of the nitrate, Sdhﬁai‘s’sér and Brgndle(ss) report that

1(KO )3 prepared from iodine trmhlorida and ghlorine nitrate. decom—
pous above 0°C, Kikindai(ST) hus shﬂwn that Millon's orz.sinal pre-

puwhinn(ss) from iodine and fmmg nitric acid gives I0NHO

3 rather
than I(RO3)3 Uahakov(sg) claim that the trinitraﬁe is obta.i.nad by
the rewtzau of silver ni‘bra’te wit.h iodine in methyl or cthyl aleohol.

The trifluorosulphqte has heen’ prapaxed by Cady and ’ioberts(n)

Many compounds are known. vhioh maa' be formulated as. derivatives

of the iodosyl cation, 10" . «Ioch»n@ v=v?betroxido may be fo.mu;}.atgr;m 103 .
Iodosyl nitrate, ION03. is ment;ﬁ_&iod above, ‘The yellow aol._iﬁlcwﬂich

saparates from 1:3 mixtures of iodine and Lodic acid in flucrmﬁljhunc ‘

(10) (61)

acid has the formula 10803F . Chrétien's yellow sulphate



been shown by Masson and Argmnt(ée)

selenate has been pupmd(su)
(46)

to be (Io)asoh. An snalogous
. Both Fichter and Kappeler'>®) sna

Lehmann and Hesselbarth have obtained I, 0.3 80

273 3
The reaction of iodosyl sulphate

(62,66)
207 .

hn.vq used infrs red studies to show

which may be
written as I1,(80,), or (10),8,0,.
vith oleum gives s white solid which may be formulated IOHS
Dasent and Hcddinston(éh)
that iodosyl sulphate, iodosyl selenate and iodine tetroxide contain
netvorks of -I0I- chains. They argue that these compounds are poly-
meric and do not coiitain discrete IO’ groups on the grounds that
(s) no I-0 stretching vibration comparsble to that in TeO is observed,
(b) the compounds are diamagnetic vhen it might be expected that 10*
groups, being isoelectronic with the oxygen molecule in valence elec-
trons, would be paramagnetic, and (c) apart from a slight solubility
of the sulphate and selenate in their parent acids, the compounds are
msoiuble in the wvide range of solvents tested, including nitromethane,
which dissclves nitrosyl salts.

There is some evidence for tervalent iodine cations in solutions
ot (Io)zsoh. 1,0, and 1:3 iodine-iodic acid in 100% sulphuric acid.
(65)

Conductimetric and cryoscopic studies by Gillespie and Senior have

shown that IpHSOb formed in these solutiocns is partially dissociated,
The formation of iodoso dnrivutivcé of eromatic compounds in solutions

of iodysyl sulphate in concantrnﬁed sulphuric uid”s’%)

may be evi.
‘dence for the existence of I0° ions.
Several compounds have been reported vhich may contain the

singly charged iodine cation, The nitrate, moS. hes been prepared



10

in absolute alcchol by reacting silver nitrate and 1odine(59‘96).
Cation exchange resins have been used to prepare 1280,4 in absolute

aleoho1 (7).  vsnaxov(6®)

has shown that IHO3 undergoes extensive
alcoholysis in ebsolute methsnol. Schmeisser end Brinale‘*®) nave re-
ported that 303. vhich is prepared from 1(303)3 and iodine, decomposes
sbove 5°C. Birkenbach and Goubeau(sg) attempted to prepare iodine per-
chlorate, IC10,, from the reaction of silver perchlorate and iodine
but they found that the product immediately reacted with the solvent
used. However, Alcock and Weddington claim to/ hsvo\ obtained iodine
perchlorste from this resction in sbsolute ethanol®3), Ioatne flucro-
sulphate, Isosr o Which recently has been prepared dy Aubke and c.dy(35)
appears to be a covalent compound., The iodine cation with the outer
_electron configuration 5:2 5ph does not have & closed valency shell
and Carlisohn has shown that the ion may be stabiliseﬁ by coordinating

ligands such as pyridine snd B-piaonna(7°'86).

Both Ipyzx and IpyY
series have been prepared vith X as nitrate and perchlorate and Y as
nitrate, h@maﬁo and acetatse, 'l‘hesé compounds are discussed ’m a
review of .the positive character of t.he halogens by ncinbarg(zs).
Bell and Gellea T hw’cy’.‘(_estiiated the equilibrium constants
for various hypothetical dsscoiation equilidria of lodine i vater
from thermodynamic considerstions. According to their caloulstions,
the most favourable univalent i‘o,dinlc‘f cation is 320'1*,#!110!:\ would be
10'5'5 molsr in a one molar fodine _:ointian and their experimental
determinstion of the Gissociation involving this species agrees well
vith tha theoretical value. Hovever, reasonsbly high concentrn;tionu

of the protonated hypoiodous acid are not possidle due to
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atsproportionation to iodate and lodide. Skrabal and Buchta'’?) notea
the basic character of hypoiodous acid in aqueous solutiocn and suggested
that the brown solutions formed vhen iodine is added to hypoiodous acid
OH.

3
Pavliov and l'i.nk.\.mr('r3 ) have shown by measuring the rate of exchange of

or vhen iodine is partially oxidised in water, contained the base I

iodine between hypoiodous acid and molecular iodine in aqueous solution
that iodine is coordinated to the univalent iodine species in these
solutions. The evidence for unipositive iodine species in concentrated
sulphuric acid solutions is more compelling. uu-on”") cbserved that
the brown solutions formed vhen iocdine is added to iodosyl sulphate,
(10)280“ in concentrated sulphuric scid solutions reacted with chloro-
benzene to form both iodo end iodoso derivatives. He pokutulatcd the
presence of I; ad I; to c:pis:l.h the stoichiometry of these reactions
and demonstrated that solutions vith stoichiometry corresponding to
mimgnt positive iodine vere mgnly‘ disproportionated to I.;, I;

ana 10%., Similar cbservations were reported by Birkenbach, Goubesu

and xral1'77) | who prepared their sulphuric scid solutions with iodine
aad mercurous or mercuric sulphate. Arotsky, Mishra and Synons(he)

have given conductimetric evidence for I.' formed from iodic acid and

3

iodine in 100% sulphuric acid and have suggested that I * may be formed

b]
on the basis of change in visual and ultraviolet spectra vhen iodine

is added to 'I; solutions. By cryoscopic and detsiled conductimetric

nessurements, Senior has confirmed the existence of I3+ and I; in

100% sulphuric acid and demonstrated that solutions which correspond

stoichiometrically to univalent positive iodinc are largely dispropor-

tianl.tcd( 10) .



12

Symons and co-vorkers have made extensive investigations of

the blus solutions formed when iodine or iodine chloride is dissolved

(48,78,79,80,61)

in 65% oleum They have concluded from eonductinétric,

magnetioc and spectral studies that icdine in these solutions is quan-

titatively converted to I". They report an effective magnetic moment

(80) (81)

for 1" of 1.4k BM by the Gy method and 1.5 BM by NMR studies

. From ultrs violet and visual spectral studies, univalent positive

' 80
icdine is slso claimed to be prepared in fluorosulphuric acid( ‘).

(82) (0) " p1axiov ana

iodine pentafluoride and ant'inonr pentafluoride
Abarbachuk (53) nave demonstratea the estionic nature of the 1odin§
species formed vhen iodine is dissolved in antimony pentachloride.
Structural studies on compounds such as Ic:!.BoEib(:}.5 Justizy iriting‘
(rc1,*)sbcrg™ (%), Arotsky and Bywons(9%) nave recently revievea the
evidence for the halogen cations., | ‘

The present study wvas undertaken to investigate the nature of
iodine cations, especially I*. in fluoi'osulphurie acid. During the
course of the work, the cryoscopic constant was redetermined and the

nature of the "pure"™ solvent was investigated.



CHAPTER II
Experimental

1. Preparstion snd Purification of Materials
Pluorosulphuric Acid | ‘ " ¥

Baker and Adamson fluorosulphuric acfd was purified by doudle
distillstion in the still shown in Pig. 1. Dry air, entering st A and
leaving by the magnesium perchlorate guard tubes B and C, was passed
‘ thrM the still for at least one hoﬁr before distillation and the
. receiver and lower stage of the still were flamed porlpdictlly during
this time. Passage of dry alr wvas continued during the distillation
sxcept vhen the final product was distilling, but exit C was closed
dnring the second stage of distillation to prevent back dstillation
into the selector I. Only acid boiling between 162°C and 164°C m
taken at both stages of the diltilluﬁien, the lower boilinglﬁ'action:
being separated dy selectors I and II. The selector is shown 1n‘d¢tai1
in Fig. 2. The fluorosulphuric acid obtained by this pré«dure usually
had a freexing point above -89.000°c>and a conduetivity bot’vuﬁ 1.26 x
b 1 cn"l.

10'* ohn™t cm~! ana 1.56 x 10" ohm

Pa sul 1difluorids

Permdimlphmldiﬂmride vas prepsred by the method of Dudley

and Cady26) 1n the resctor shown in Fig. 3. The resction vessel F vas

-13 -



a copper tube 7.5 cm., in diemeter and 90 om. long, filled with copper

2 which hed been coated with

wvire having & surface area of 150,000 om,
gilver metal from a bath of silver cyanide complex. Heating was ac-
complished with nichrome wire wound around the vessel and connected
to a variable voltage regulator. Sulphur trioxide was swept into the
reactor at A by & stream of nitrogen metered by the rate meter at E
and fluorine, diluted vith nitrogen, was run into the reactor at B and
metered at D. The fluorine flowv rate was maintained slightly in excess
of ene half the sulphur trioxide flow rate or, in other words, slightly
in excess of the stoichiometric reqﬁimant and the reaction vessel va,;
maintained at between 120°C and 1k0°C. The product was collected in
traps st C cooled with finely orushed dry ice. Fineal purific#ﬁion of
the ’ye'roxide vas eccomplished by distillstion at atmospheric pre-asﬁra
in a still protected from moisture by a magnesium perchlorate drying
tube. The ’traction voiling between 66.5 end 67.0°C was pure peroxy-
disulphuryldifluoride. The product wes analysed by tﬂ:rtﬁion with
ptandard thiosulphete of the fodine liberated by the eddition of per-
oxydisulphuryldifluoride to nqueéuu poiassim iodide Bolution. Three
typical mdysu were:

Oxidising equivalents of 82061"2. theoretical 2,004

toud 2.0&. 2.00. 2.00.

Potessium Fluorosulphate

Potassium fluorosulphate vas prepared as descrided dy Barr(n)
by adding fluorosulphuric acid to a concentrated solution of potassium
hydroxide in water., The cooled solution was filtered and the crude
potassium fluorosulphate recrystallised from water and wvashed with

acetone and ether, k

1k
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Disulphuryldifluoride
Disulphuryldifluoride wes prepared as described by Gillespie

and Rothenbury o).

Ozark Mahooning antimony pentafluoride purified
by distillation was added to refluxing sulphur trioxide in excess of
the molar rat:lc; of one to five and the product vas distilled from this
rnixture,treated with sulphuric acid to remove the sulphur trioxide

and redistilled to give pure disulphuryldifluoride. B. Pt. 50 - S1°C.

odine

Shavinigan resgent grade iodine was used directly.

Sulphur Trioxide
Sulphur trioxide was distilled from Baker and Adamson 'Sulfan'

in a still vhich vas protected from moisture by a magnesium perchlorate

drying tube.

Rydrogen Fluoride
Matheson's Hydrogen fluoride {anhydrous) was used directly,

2. Conductivity Messurements
Conductivity measurements at 25°C were made in the cell depiocted

in Pig. ba, using the B snd C electrodes vhich gave a cell constant of
approximately 18 em7l, Conductivities st dry ice temperatures vere mea~-
sured in the cell shown in Pig. kb,

The electrodes were plutad'with platinum dblack by eloétrolyning
a 0.3% solution of chloroplatinic scid in 0.05N hydrochloric acid con-
taining 0.25% lead acetate. A current of 10 milliampe was passed for

10 minutes. The ourrent direction was reversed every minute.
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Cell constants were determined by making minimum conducting
sulphuric acid in the cell. Minimum conducting sulphuric scid has a

specific conductance of 1.0&32110‘2 ohm™> 1

om.” at 25°C., For the low
temperature conductivity mnum@tn. the cell constent was taken as
unchanged at dry ice temperatures, FEstimation of the change in cell
constant with temperature change from 25°C to «78,5°C, using the coef-

(92) shoved the chanpge to be less

ficient of expansion of pyrex gless
then 1¥. |

Conduotivity runs at 25°C vere carried out in an oil bath re-
gulated with a toluene-mercury regulator to 25 % 0.005°C. The tempera-
ture vas measursd with e platinum resistmoe thermometer to & 0.001°C,
ThemMer resistance readings wvere made on a Mueller resistance
bridge (see Part 3). : o

TFor low temperatuie conductivity measurements, the cell was
immorsed 1n‘ finely crushed dry ice in a Dewar. A small nichrome wire
heater comnected to a voltage regulator was set in the bottom of the
Devar’to boil off carbon dioxide and thus maintain the equilibrium of
solid carbon dioxide with an atmosphere of pure carbon dioxide gu(ea).
The cell was set 25 cm, sbove the heater and the platinum resistance
thermometer was placed with its resistence coll equidistant between
the slectrodss and touching the glass tube joining them. The cell was
completely covered with dry ice, # 2 cm. thick layer of glaes wocl was
placed over this and e polystyrene cover, provided with holes for the
thermometer well, heater leads end conductance bridge leads, closed

the Dewar. The heater wes operated until the temperature rose to &

steady value, The expected steady temperature could be estimated from
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a knovledge of the atmoapheric pressure by means of the expression:

a3
t(°c) m.r-*_g_—ﬁ;;—i- 273.16 II-1

0

' Heating was then dicéontinnod and usually was not required again dur-
ing a run even though the Dewar was opened several times to make addi-
tions to the cell, After each addition to the cell the dry ice at the
top of the Dewar was broken up and additional dry ice added, Although
the temperature over a run chenged as the atmospheric pressure changed,
the temperature for esch conductivity measurement was regulated * 0.01°C,
The temperaturs was read to ¥ 0.001°C with a platinum resistance ther-
mometer. All conductances were corrvected to -78.52°C, the sublimation
teuporatm of solid carbon dioxid. et one atmosphere pressure, using

4 1 m'.'ll°c for & 0.0l m

the temperature coefficient of 0.122 x 10~ gm‘
solution of potassium fluorosulphate. This factor was determined from
the tangential slope at -78.5°C of a plot of the variation of the con-
ductance of a 0.01 m potassium fluorosulphate solution with temperature
(Ptg. 5). The range of tmpefaturol over which conductances were mea~
sured vas -78.44 to ~78,83°C and the maximum correction to the conduc-
tance was only 1.5%.

The solutions for conductivity measurements vere prepared in
the following manner. Fluorosulphuric acid was distilled directly into
the cell, weighing the cell before and after addition of acid, Addi-
tion of solid solutes was made with the weight dropper shown in Fig. 6a.
Iiquid solutes and solutions in fluorosulphuric acid were added by means
of the dropper shown in Fig. 6b. After each addition the cell was shaken

well and readings wvere taken fo'llowod by further shsking until a steady
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conductance value was attained. In the lov temperature measurements,
it wvas found more convenient to shake the Dewar and its contents rather
than take the cell cut. The conductance of solutions was measured with

a Wayne-Kerr Universal bridge operating at 1000 cps.

3. Cryossopy

The theory for the cooling curve method for determination of
freesing points is given by Mair, Glasgov and Rossini(17) and a detailed
acoount of its application to tluﬁrosnlphuric acid cryoscopy is given in
R. C. Thompeon's thesis(1>),

The cryoscope which is shown in Pig. Ta was a double walled
vessel, The space between the walls, A, could be evacuated to any de-
sired pressure anéd the walls in this space were coeted with silver,
except for a narrov vertical strip through vhich the solution could de
observed., The glass or monel stirrer, C, vas operated through a teflon
seal at E by a six voli; electric vindshield-wiper motor. The platinum
resistance thermometer, B, was sealed at D to a glass sleeve fitted
with a male Blh joint, which fitted into the top of the cryoscope at I.
A Leeds Northrup platinum resistance thermometer (No. 1331405) was used
in conjunction with & Mueller resistance bridge (Leeds Northrup No. 13388L0)
for temperature measurement., The thermometer calibration was checked by
measuring the resistance at the triple point of water in a Trans-Sonics
Inc. 'Equiphase cell',

The procedure for ¢ryoscopy vas as fol;l.ovs. The cryoscope was
dried by passing dry air in at F for two hours, Fluorosulphuric acid was
distilled into the weight dropper shown in Fig. Tb, which was then attached

to the cryocscope at F and dry air was passed through for another half hour
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leaving now by J (Fig. 7Tb). A moisture guard tube was attached to the
welght dropper at K and the acid was run into the cryoscope to a level
Just above the small diameter part of the cryoscope., The amount of aseid
introduced was determined by the difference in weight of the dropper.
F and G wvere nov closed and throughout the remainder of the experiment
dry alr was passed in at H, leaving through E. Additioms of soluf.e
were made through F using the droppers shown in FPigs. 6a and 6b. For
very hygroscopic solutions, a second container with a B1l9 Joint and ceap
vas employed und rather then reintroducing the dropper (Fig. 6b),made
wet by atmospheric moisture into the solute solution, the dropper vas
put into the second container and the solute container was capped. The
drOpﬁer and second container were washed end dried after each addition.
For the determination of the freezing point, a Dewar of liquid
air was placed around the lower part of the cryoscope, which was suse
pended at the neck L in & stand., The tempersture was allowed to fall
to ~70°C before the interannular space s A, was evacuated to give the
, desired coecling rate, Cooling rates of betveen 0.2 and 0,5°C per minute
yielded the bdest results, The scid was allowed to supercool 2°C hefore
initisting freezing by lntroducing a small pletinum strip cooled in
liquid air, Readings were made every ‘minute, from the maximus temperature
reached, for ten minutes.v then altexﬁartely reverse and nommsl currvent
direction readings were made on the resistance themometer every two
ninutes for e rurther’ twelve minutes. A typical cooling curve vith the
extrapolation to the freezing point is shown in Fig. 8. Taylor and
Rosaint (28} gesorive a geometrical method for this extrapolstion, but the
cooling curve vas extrapolated visually in this vork and the freszing

point is estimated to be acourste to % 0.005°¢(1%),
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Lk, Nuclear Magnetic Resonance Spectroscopy
Fluorine NMR spectra were taken on a Varian Associates high

resolution spectrometer operated at 56.4 Mc. The spectra were cali-
brated by a side band technique using a Muirhead-Wigan, D=890-A, decade
osciilator. SBome spectra \(ore integrated on a Varian Associates MMR
Intggutor, model V-3521,

Lov temperature spectra vere obtained by boiling off liquid air
through & Varien Al'-ociatu variable temperature probe accessory, model
V=4340, Temperatures were measured by & copper-constantan thermocouple
with a Leeds Northrup temperature potentiometer., Fluorine spectrs vere
run in sealed gless tubes of 5 mm, dlameter.

Proton NMR spectra were taken on the above spectrometer operated
at 60 Mc. and on & Varian Associates A-60 spectrometer. Precision NMR
tubes were used for the spsctra taken on the A-60. In all spectra pre-
sented in this thesis the field otlmgth increases from left to right

and NMR shifts are given in cycles per second.

5. Magnetic Susceptibility Meaaurémepts

‘Magnetic suscentibility messurements on iodine sclutions in

fluorosulphuric acid were made by the Gouy method snd both the WR shift

method of Dickinson(89) and the ¥MR signal broadening method(gm vere

investigated,
The expression for the welght susceptibility determined by the

Couy method is (91) t

g + B(F = &) -€
X" £ - x 10 -2
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vhere a is the correction for the susceptibility of the air displaced
 when the sample is introduced (0.029 x sample volume in cc.), B is a
constant characteristic of the Gouy tube and magnet used, F is the force
(wveight increase) observed vhen the sample is placed in the magnetic
field, § is the correction applied for the susceptibility of the empty
Gouy tube, and v is the weight of the sample. Por this work, & T,000
gauss Mét with a 1.4 om. pole gap was used in conjunction with a
Mettler Gramatic balance. A Couy tudbe, 1.2 cm, in diameter, with a
ground glass ckp to protect the sclutions from moisture was suspended
in the pole gap. A polythene bag provided with close-fitting holes
for the pole pieces and fitted to a glass tube extended from the balance
protected the Gouy tube from air drafts. The magnet yas mounted on
tracks and could be moved awvay from the sample by turning a sorev.
An aversge of st least three different readings ves taken for each
veighing and the variation betwesn »rq@dinss was never more th»n':i; 20,2
s, L R

The Gouy tube vas -tmw&iced wvith a solution of nickel ehloride
1n waber9%) | wnich vas analysed grn.viutrically with dimthylglyome.

The weight susceptibility of such . :olut:lon is given by:
-6

e, {3‘-"-'-3—3-%-0720(1-:3)]:10

11—'3‘] |
vhere € is the nickel chloride canccntration in gm, per gn. ot solution.
For thi: vork. C = 0,052k9 gn./gn. :olution. a = 0.142, 8§ = 10,90 mg.
and standardiution gave 8 = 0O, 20l; - 7

The auscoptibilities of ithe :lcdine soclutions were correeted for

solvent and iodine fluorosulphate diamagnetism,



Both fluorine and proton KMR were tried for the determination
of solution susceptibilities. For calibration of shift, an external
roference vas used, The reference was contained in & narrov capillary
vhich was 'held in & concentric position in the HMR tube by & glaass
bead attached to the bottom of the capillary. BSusceptibilities of
Fe(III) solutions determined by Gouy method vere used to calibrate

signal broadenings.

6. Visual and UV Absorption Spectrs

Absorption spectra wvere taken on a Bausch and Lomb Spectronic
‘505. One centimeter path length cuvettes with inserts to vary the
path length down to 0.05 mm. facilitated study of 1odinorsolutionl at
concentrations comparable to those used in conductance measurements.
Spectra wvere taken at temperatures down to -90°C in & quarts Devar
provided with quartz vindows. The Devar was closed at the top with a
rubber bung. Lov temperatures were attained inside the Dewar by pass~-
ing cold air into it from & liquid air boiler. Temperatures were mea-
sured vith a copper-constantan thermocouple and a Leeds Northrup tem-
_ perature potentiometer,
Fluorosulphuric acid in & cell of 1 cm. path length was used as

the blank for all spectra.

22
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Figure 2 PFraction Collector used on Distillation Apparatus
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CHAPTER III

The Cryvesocopic Constant and Bolutions of Some Buses

Por 4ilute solutions, the freesing point depression caused by

the preseance of the solute is governed by the expresaion(6°)x ~

RT 2 M |
o = lyoooas,]

-k
vheus- AT is the freesing point depression

R is the gas ‘conlt:nt‘

To is the freezing point of the pure solvent

Alif is the latent heat of fusion per mole of the solvent

M is the molecular veight of the sclvent

s is the molality of the solute

kf is the cryoscopic eomtint.
This expression applies only vhen the. solute is unchanged in the solvent,
A more general expr;aoion iss |

AT = k f\m 11I-1

vhere v is the number of particles produced per molecule of solute.
When the latent heat of fusion is unknown, the cryoscopic constant may
be determined from the freexing point depression caused by solutes whose

behaviour in the solvent is known.

;-
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Thonplon(lS) estimated the cryoscopic constant of fluorosul- '
phuric acid from the oryoscopy of trinitrobenzene, potassium fluoro-
sulphate and barium fluorosulphate. Trinitrobenzene is a very weak

(94)

bese in flworosulphurie acid Allowing for the small amount of

protonation on the basis of Barr's conductance uunmcnta(gh).
Thompson arrived at a value for k, of 3.35 £ 0.05. The cryoscopy of
potassium fluorosulphate, a 1:1 electrolyte, and barium fluorosulphate,
a 1:2 electrolyte, gave the same value. The crycscopy plot for potas-
sium fluorosulphate showed positive deviation from ideality and thus

a limiting slope was used to determine the cryoscopic constant. However,
as vill be showm later, the initial curvature at low concentrations in
plots of freesing point depression against molality for many solutes

is not caused by non-ideality as first suggested but results from reac-
tions of the solute with trace tnpuritiis in the solvent.

Table I and Pig. 9 give the results of the coryoscopy of two
non-electrolytes, peroxydisulphuryldifluoride and di{sulphuryldifluoride,
The results of conductivity measurements on solutions of the former are
given in Chapter V and 1t seems safe to assume that disulphuryldifluoride
acts as a‘non-elcctrolyte. This plot exhibits no curvature in the con-
centration range studied and gives s value for the cryoscopic constant
of 3.93 % 0.05., Sulphur trioxide acts as a non-electrolyte in fluoro-
sulphuric acid alao(n) and, if the initial curvature of Thompson's
sulphur trioxide oryoscopy plot, reproduced from his thesis in Fig. 10,

is ignored, the cryoscopic constant determined from this slope is

3.93 * 0.05. SBimilarly, the sulphur trioxide cryoscopy from this work,
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BExpt. 8 in Table I and Fig. 12, gives k, = 3.98 ¥ 0.05. The alkali
metal fluorosulphates produce two particles per molecule in fluoro-
sulphuric acid and, if the straight line part of Thompson's plots,
Fig. 10, between 0.01 and 0.09 molal is taken as ideal, this also
gives a value for the cryoscopic constant of 3.93 ¥ 0.05. Similarly,

potassium fluoride vhich gives three particles according tot

KF + HSO,F —» HF + x* e 80,7" 1112

gives the value 3.93 £ 0.05 from sn ideal section of Thompson's cryo-
scopy plot between 0.015 and 0.09 molal in Pig. 10. No satisfactory
explanation cuﬁ be given for the low slope of Thompson's barium fluoro-
sulphate plot(lS). Incomplete dissociation, which would give a de-
creasing slope with increasing solute concentration, has been suggested
by Thompson to account for the absence of the positive deviations from
ideality usually observed with ionic fluorosulphetes, but even for an
incompletély dissociated 2:1 electrolyte,the slope at low concentrations
is expected to be that of three particles,vhich is not the case in Fig. 10,

The cryoscopic behaviour of small concentrations of hydrogen
fluoride, potassium fluoride, sulphur trioxide and solutes which give
fluorosulphate ion suggests that the solvent, prepared by distillation
as it wvas throughout this work, contains trace amounts of impurities
which react wvith the solute initially to prevent the solute from making
its normal contribution to freesing point depressions. When hydrogen
fluoride is added to the solvent there is initially an elevation, then
a depression of the freesing point, suggesting the presence of exceas
free sulphur trioxide, which reacts vith hydrogen fluoride to form

fluorosulphuric acid.
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HF + 803———>- 118031? III-3

The maximum freeszing point of the acid will correspond to the state
vhere equal concentrations of hydrogen fluoride and sulphur trioxide
are present in the solvent, Hereafter the reaction of solu*!:e with
solvent impurities will be referred to as a ecryoscopic titration.
The cryoscopic titration of excess free sulphur trioxide in the pure
solvent with hydrogen fluoride is shown in Pig. 11l and the experimental
results are given in Table I. There is considerable scatter of experi-
mental points due, probably, to the volatility of hydrogen fluoride
and reaction with the glass cryoscope, but from the end point of the
titration, the concentration of sulphur trioxide is estimated to be
0.00k £ 0,001 m. In Experiment T, care was taken to prevent the loss
of hydrogen fluoride by keeping the ecryoscope and weight dropper below
-40°¢C, 'L‘ﬁe slope for this experiment, although greater than for the
other experiments, is still lower than that for a non-electrolyte -
but it is not possible to conclude vhathor this is due to dimerisation
or loss of hydrogen fluoride, |

When excess hydrogen fluoride {s added to fluorosulphuric acid
and back titrated with sulphur trioxide the freezing point rises to a
maxinum and decreases again as shown in Fig., 12, The experimental re-
sults are given in Table I. The molality of free excess sulphur tri-
oxide in the sclvent cen be cmutod. by subtraction of the molality
of the excess free hydrogen fluoride,determined from the end point of
the cryoscopic titration with aulphﬁr trioxide,from the total amount of
hydrogen fluoride added at the start. This gives a sulphur trioxide

molality of 0.0059 m,
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As showm in Pig., 10, all the cryoscopic plots for alkali metal
fluorosulphates exhibit a low initiel slope,vhich is probadbly due to
the reacticn of the fluorcosulphsate ion with the excess sulphur trioxide

in the solvent,

8031" * 803———>- 82061" I11-h

Gillespie and Rcbiuson(lh)

have reported Reman evidence for the pre-
sence of 5,0cF icas in fluorcsulphuric acid solutions of sulphur tri-
oxide and potassium fluorcsulphate. Thus, initially, cryoscopy will
indicate the presence of only one particle, the alkali metal ecation.
The cryoscopic end point, vhen the excess sulphur trioxide is titrated,
is the concentration at the intersection of the initial slope of one
and the slope of two cbserved when the solute is making a full contrie
bution to freezimg point lovering. The mclality of excess sulphur
trioxide found in this weay is 0.0072 m. The smooth curveture at the
end point suggests that IIT-k is en equilibrium.

Cryoscopically veter acts in the came vay as the alkali metal
fluorcsulphates. The results ere given in Teble III and plotted in
Pig. 13. The water vas added as s solution inm fluorosulphuric acid
to prevent any splattering that may occni' vhen water is added directly
into the eryoscopeu”. The results are consistent with the equilibrium

(10)

proposed by Senior from conductence measurenents.

+ - _
330 * 8031' T HP + nasoh I11-5

The hydrolysis is not observed cryoscopically since both sides of III-5
have the seme number of particles. Both fluorosulphate end hydrogen

fluoride can react with the excess sulphur trioxide in the solvent to
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account for the initial lowv slopes of the cryoscopy plot and estimation
of the sulphur trioxide nola.].ity\ by the procedure outlined for the fluoro-
sulphates gives 00,0072 m. (

Thompson's potassium fluoride cryoscopy plot, Fig. 10, also
has & small initial slope indicating the reaction with excess sulphur
trioxide. 1In this experiment three particles is the full contribution
of the solute according to III-2. It is not possible to ascertain the
initial slope of the cryoscopy plot for potassium fluoride since the
first experimental point is at 0.0077 a KF. However, assuming that
the rea.cticn of hydrogen fluoride with sulphur trioxide via III-3 is
the dominant reaction initially, the hydrogen fluoride produced accord- |
ing to I1l-2 will react with excess sulphur trioxide to form solvent.
The removal of hydrogen fluoride will reduce the initial eontribution
to tha truaing point depression to that of two particles and tho re-
moval of the excess sulphur trioxida will, in effect, cancel the con-
tridvution of one of those partieles, thereby reducing the initial slope
of th. potus:lum fluoride cryoscopy plot tot that of cne purticle. The
cryoncopie ond point derived rron tho 1ntornction of a |lope of ane
and the slope bf three obsorvad abovo 0 015 m KF gives & culphur tri—
oxide noll.uty of 0,0054 m, . e

Th\u far, only aulphur trioxtc!c has been mniderod u a.n m-
purlty md it is seen that thorc is a varistion in free exeaa}: snlphur
trioxide concentration in the diatulad solvent., Water is pro’osbly
&lso present as an impurity, ae nhmm below, and would act to rednca
the sulphur trioxide concentration. If sulphur triotde vere the only

impurity in the solvent, there would ‘bo a correlation between the .



37

freezing point of the original solvent and the same amount of sulphur
trioxide found by cryoscopic titration. Howvever, the correlation is
poor,as shown in Table II, The acid used in the potassium fluoride
experiment has the highest freezing point but does not have the lowest
sulphur trioxide molality. Any attempt to correlate the freezing points
of the original acid to the sulphur trioxide concentrations eas deter-
mined by cryoscopic titration sugteltu that there ere variable concen-
trations of impurities. The presence of water in the solvent is in-
dicatéd by comparing Thompson's sulphur trioxide cryoscopy, Fig. 10,
vith Bxperiment 8 in Table I and Fig. 12. The pure acid in Experiment 8
has a higher freezing point (-89,005°C) than that used by Thompson
(-89,015°C), suggesting a lowver water concentration in the former
experiment, This is born out in the cryoscopy plots. The concentra~-
tion of sulphur trioxide required after the cryoscopic end point and |
before a slope corresponding to one particle is attained is less in
Experiment 8, FPig. 12, than in Thompson's experiment, Fig. 10, Pre=
- sumably thebsulphur trioxide ronctc-#ith water or its reaction products
befbre.contribuxing fully to depression of the freesing point, In ad-
dition, no curvature at low conécnfiations 1s noted in Thompson's barium
fluorosulphate experiment, Fig. 10, ﬁhere the low freezing point of
the pure acid suggests a high concont:ution of vater and consequent
absence of free sulphur trioxide.

If the decomposition reaction III«3 were an equilibrium, the
end point of the hydrogen fluoride titration with sulphur trioxide would

be curved due to repression of the equilibrium, From the experimental
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results, Experiment 8 in Table I and FPig. 12, it is not possible to
state vhether there is any curvatire but, if it i{s assumed that there
is, it is possidle £6 put an upper limit on the concentration of the
decomposition products at the end point., The dotted line in Fig. 12
represents the maximum curvature alloved by‘the experiment. The tem-
perature at the intersection of the extrapolations of the straight
parts of the hydrogen fluoride and sulphur trioxide cryoscopy plots
in Pig. 12 represents the freezing point of an hypothetical acid con-
taining no decomposition products vhich can react with the solute.
The difference between this temperature and that of the lowest point
of the dotted curve is the freezing-point depression caused by the pre-
sence of the decomposition products at the end point. This freezing
depression, 0,008°C, represents s total molality of 0,002 m which

givga (-mso X ;o ) = 10" 6

In su:na:y, it may be stated that the rluorosulphuric acid
obtained by distillation at atnospheric pressure contains amall amounts
of oxcess sulphur trioxide in the ordar of 0,0055 ¢ O, 0Q20 m and there
is some evidence for the prulonce~of'wator. From the shape of the
crydicbpic titration plots of hydrogen fluoride with lulphdf'triotide
1§ is not poasible to state vhether III-3 is an equilibrium, |

In Table III and Pig. 1i are given the results of the'cﬁéscopy
of some bases. Lithium fluoroﬁulphltc is seen to behave like potassium
fluorosulphate. The two organic sulphonyl fluorides dissolvi with
difficulty in fluorosulphuric acid and judging from the gradual darken-
ing of the solutions, are slowly decomposed by the solvent if left for

any time at room tempersture. Dissolution was improved by using stirring
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of large emplitude, The normal amplitude waa used during the freezing
point determination sinece any stirring which broke the surface of the
solvent in the cryoscope prevented supercooling. It was assumed that
no dgoompositioq ocourred if the cryoscope temperature was kept below
-10°C, These sulphonyl fluorides are even weaker bases than trinitro-

(9k)

benzene and may be non-electrolytes, Tetramethylurea produces 2,56

particles per molecule and is thus partially diprotonated in fluoro-
sulphuric acid. Hantgsch has reported that tetraethylurea is partially

diprotonated in 100% sulphuric acid(93).



TABLE 1

Solutidﬁl of Bome Ng-olectrolﬂes: Freezing Point Depressions

Bolute  Expt, f_g_ Vsolvent “solute n AT
8,05F, 1 -89.007 125,025 .0028 017
126,951 .0082 034
129,580 0153 061
131,664 .0208 .076
134,095 .0269 .109
136.27k .0322 126
8,0F, 2 -88.994 148,770 1,60  .0556 216
3 -88.996 150,929 0,281  ,00879 .032
153.75T  0.643 ,0193 .0Th
159.437  1.348  .0385 152
163.585 1.860  ,0518 .203
HP b -89.000 12h,921 . .0048  + ,012
127,70k .0121 .013
129,886 0177 030
131,670 0221 .Okb
133,496 +0265 .058
136,32k .0330 .080
139,027 .0390 .100
5 -88.996 127,378 .0072  + ,005
128,939 0116 .018
131,468 .0185 .0ko

134,319 .0260 .06k
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8

"88 . 996

«89.005

TABLE I (Continued)

wsolvent

vsolute

124,276
124,929
126,332
127.600
129.269
130,821
133,063
135,662
139.061
1k4,356
135.831
135.895
136.162
136.853
138,143
139,756
140,755
142,296

0,000
0.06L

m
0243
»0301
.0L25
.0035
007k
.0109
,0158
.0213
.0283
.0384
»0000
0248
.0058
0209
.0k85
.682h
«1029

1341

AT
.00
.061
. 092
+,011
.00k
.01k
. 035
054
079
116
.000

+050

.000
.103
242
.330
459

b1



TABLE II

Correlation of Pure Acid ?reezing Points and Excess
Sulphur Trioxido Molality

s0sm

HF h -89.000  ,00kO
KF 5 -88.996 .00U5

HF ' ~-88.996 .0033
HP-50 % 8 -89,005  .0059
By0 9 -88.99  .0072
KS0,F it -89.005  .0072
K8OF" 62* - .88.999 0072
P mable xxxvit  -88.987  .o05k

® . back titration

+ - Thompson's thesis



Solute

320

LiSOsF

Ortho-meta
dimethyl
benzene
sulphonyl
fluoride

Methyl
sulfonyl
fluoride

Tetramethyl
urea

Expt.

10

11

13

9

TABLE III

Solutions of Sonme Electro;xgelz Freezing Point Depressions

T
o

-88.,99L

-88.983

-88,988

-890 028

vsolvent

138,763
1ko, 325
141,789
143,307
145,080
17,470
1kk,sko

132,995

- 147,830

125.265

wsolute
L= " = " ]

1.105
1.990
3.6k0
0.480
0.915
1.370
1.810
2.275
0.360
0.760
1,130
1,510
0,0840
0.1438
0.2326
0.3378
0,4275

5
.0032
+0075
. 011k
.0153
,0198
.0257
.0721
.130
.238
.0192
.0366
.0548
0724
0910
,0248
.0523
.0780
.10l
.00578
00989
.0160
0232
.0294

AT
.010
.038
. 066
+095
129
77
. SUT

1.021

1.927
.073
«133
197
«261
«325
.100
.211
.312
113
.056
.095
156
.229

<294
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CHAPTER IV

Magnetic Susceptibilities of Iodine Fluorosulphates
in Pluoros ¢ Acid

The magnetic moment of the 'iodine cation' formed when {odine

is dissolved in 65% oleum has been determined by Symons and co-vorkors”a'so)

6

using the Gouy method. Their values range from 1.4EM (x) = 821 x 10" egs)

to 2.5BM (xu - 2520 x 10'6 cgs) but they give 1.4BM as their most relieble

vsluo‘ao). Greenvood and co-workers have reported a similar value, 2,0IM,
for the 'iodine cation' formed from iodine in iodine pentafluoride wvhen
traces of vater are present., In quoting these megnetic moments, the

suthors have assumed that all of the iodine is present as the iodine cation,
I’, vhich would have a spin only magnetic moment of 2.83BM. The low mag-
netic moments have been explained in terms of the Kotani theory or by
invoking lov-lying singlet states'C>) for the solvsted cation. Earlier,
gymons (™) suggested that the 'iodine cation' undervent aisproporticnstion
in 65* oleum and, the decrease 1::‘ I with increasing concentrstion of
iodine reported by this tuthor(n) makes this explanation attractive, but

(80'85), this hypothesis has been discarded in favour

in recent publications
of complete formation of I‘.

As will be shown in Chapter V, peroxydisulphuryldiflucride reacts
with fodine in fluoresulphuric scid to form fluorosulphates of iodine

with the iodine in different positive valence states corresponding

- 50 -
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to the stoichiometry of the reactants. The magnetic susceptibilities of
the jodine in the 2:1 and 1:l 12/82061'2 solutions deereases with incress-

ing iodine molality as shown in Table IV and Fig. 15. This suggests that
the iodine in these solutions is not present simply as an iodine cation
but takes part in somg equilibrium., The type of equilibrium involved
will be discussed in conjunction with the conductance measurements on this
solution in Chepter V.

The Gouy method was used t0 measure the magnetic susceptidbilisy

of solutions vith stoichiometry corresponding to 13803!' and 15803?. The
results are given in Tadle IV. The small parsmagnetic susceptibility
exhibited by the iodine in these solutions caunot be assigned unequivo-
cally to 13’ and I,; which, conductimetric and cryoscopic evidence suggest,
may be present in these solutions. On the basis of valence bond structures
for these cations no paramagnetism is expected, although the presence of
low-lying excited states could csuse 'temperature independent paramag-
netisn' (9”. However, the small paramsgnetism could be acoonnted for in
other ways. The presence of 12‘, I* or its dimer, 12“, could give rise

to the paramagnetism. These spacies could arise from disproportionation

reactions:
2 13’:_—: il 15" V-l
+ L P .
3132212 ¢15_ V.2
3 15’ = 1t s+2 1.,' V-3
or from oxidation of I * or I.* by sulphur trioxide vhich is present in

3 b
small concentraticns in the solvent, The susceptibility of the



0,0953m 12 solution in Experiment 17 was measured a second time after
an interval of six days and no inoresse in paramagnetism was noted,
vhich indicates that the solvent itself does not oxidise the iocdine
in solutionu’ of 31l 12/8206F2 stoichiometry. There is evidence from
conductance measurements given in Chapter V that the iodine in 5:1
12/32063'2 solutions is oxidised by the solvent itself. If the para-
magnetism of these solutions resulted from oxidation by & small con-
centration of free excess sulphur trioxide,it would be expected that
a8 the lodine concentration increased, the porumctui wodld be
gradually overcoms by the increasing concentration of dimtic {odine
species, The decrease in Y1 with inﬁrouing iodine molality in R
Experiment 17 suggests that mlxéiui trioxide oxidstion dces coour,
'Tempersture independent paramagnetism' snd disproportionstion could still
account for part of the fodine paramagnetism but neither of these loffactlv
w&uld vary wvith iodine concentration. =

An attempt vas made to apply MMR techniques for the measurement

of magnetic -usccpts.buiuu(el'go

95) 4o these solutiocns. - Dickinson (89)
has shovn thet & molecule contained in en hypothetical sphere of macro-
seopic dimensions but small compered to the sample sise, lying in &

medium of volume susceptibility xv,oxpeﬁ.mau a fieid given by:
He Ho 1+ (be/3 = a)x'] IV-h

vhere Bo is the rield external to the sample and o is a constant charac-
teristic of the sample shape. For a cylindricel semple of infinite

length, a = 2v end IV-h becomes:
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BeH (1+20/3) IV-5

It H o is the hypothetical field strength at which nuclear magnetic
resonance occurs in the absence of medium susceptibility effects, then
the field strength, H', at which resonance vill occur in the presence

of the medium, is given by:
H' = 80(1 + 21/3)(') V-6

If the molecule is now placed in a medium of volume susceptibility

x;, the field strength at vhich ruénnnce will occur is given by:
H" = Hc(l + 2!/31;) kIV-"{

The shift, AS, observed in going from the one medium to the other is

then given by:

AS = E‘-ﬁ:o.ﬁ o 21/3(x"r - xv) = 2:/30)(" IV-G

Thus wvhen the molecule in a diu&gnotic medium of susceptibility Xy

is trmofemd to a paramagnetic medium of susceptibility x; thc re-
sonance is shifted to high field. The expression, IV-8, can ve used
for the determination of the nlénctic susceptibility of pnruasiotic
ions in solution, For solutions of low concentration, the volume sus-
ceptidbility of the solvent in sclution can bde uamd to be the same
as that of the pure solvent and IV«§ simplifies to give:

= 55 | V=9

where Xy is the molar susceptibility of the paramagnetic species in
solution and M is the molarity. The expression IV-<9 is only applicable,

(89)

according to Dickinson's assumptions s Vhere there is no interaction

between the species undergoing resonance and the magnetic species apart
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from s bulk susceptidbility interaction. Intermolecular effects are

accounted for in IV-P by introducing an interaction factor, q.

AS
" (2%/3 =cq) e 1000 IV=10

Thus positive interaction can cause the shift, AS, to be reduced below
that expected for the parahm_etic‘ species of susceptibility g and
can even cause the direction of shift to be reversed if the interaction
is strong cnough R |

Fron XM the effective qunetie moment, U er?? of the paramag-

netic species in solution may be ob‘bained rron(gl)z

N m& ‘
Vore ™ \l -V -1l

vhqro ! is Avogadro's numder, T is the temperature in degrees sbsolute
and k is the Boltsmann constant,

Connor and Bynonl(al)

N uaing an expression like IV-9, have
determined the magnetic susceptibility of fodine dissolved in 65%
oleum, Assusing all of the iodine is present as I', they give & value
of 1,58 for the effective magnetic moment in good agreement viththe

value obtained by them(em

using the Gouy methgd, Senior has confirmed
o) s gl

their FMR work
The results of RMR lhi.!‘b uuumcnts on 1:1 and 311 1213 0¢Fs
solutions are 31ven in Table VI md are plotted 4in Fig, 16. Tl;e ro-
sults at low iodine concentrations are plotted in greater doﬁ,&l,li’in-
#ig. 17. In the same figures are plotted the expected variut_;onq in
shift with molarity vhich have bm calculated from the'auscéptibilities

determined by the Gouy method (Table IV). The expected shifts were
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calculated using IV-8 and are given in Table V., The densities which
were used to convert the weight amdoptibilitin to volume suscapti-
_ bilities and the molalities to molarities vere determined from the
w;ight of th§ solutions used for each Gouy susceptibility ueﬁWnt
and the volume, 4,60 ce., ocoupied by the solution in the Gouy tﬁbo.
They are probably accurate to ¥ 2%, None of the molecules used to
~detect the parsmagnetic susceptibility of these solutions shows the
expected dopondehcc of shift, A8, on iodine molarity which suggests
some interaction with the paramagnetic species. As the charge asso-
clated vith the resonating muclei goes from positive (H'), through
neutral (trinitrobenzens and 8308}'2) to negative (8031?'), the inter-
action, ¢, incresses and in the last case the shift is to low rather
than high field. In the last case the fluorine resonance of fluoroe:
sulphuric acid was used and the fluorosulphate ion resulting from
autoprotolysis and that associated with the positive iodine species,
vhich will e¥ghange rapidly with the solvent, probably causes the
large positive intersction and resultant dovn-field shift. pickinson'oY)
has made similar observations with aqueous gg%%_tichs of transition

metal cations and this behaviour h to be exé;;tod for positively
charged parnumotic species. Tho fluorosulphuric acid proton under-
goes a negative interaction with the .}p'o,rmgnctic species. Dickinson
has reported negative interactions for cuprie, chromic and niqlﬁl i
chlorides with the water proton, Both trinitrobensene and 83°8’23 |
vhich are neutral in solution and not expected to interact with t_h..i,

paramagnetic species,exhidbit positive interaction.



As pointed out by‘Banior(lo)

 the use of nuclei in the solvent
molecule, especially in an highly associated lolvent; for the deter-
mination of paramegnetic susceptidility,does not give simply the ef-
foct of bulk susceptidility., First there will be an interaction,
since any charged paramsgnetic species will be solvated and second,
any ionic species will affect the struocture of the solvent and cause

(99) | Bircna11(97) has shown that the sddition of iontc

a shift
fluorosulphates to fluorosulphuric acid shifts the proton resonance
to low field., This is described as the result of two effects; (a) a
large shift to low field rasulting from a greater degree of hydrogan
bonding due to the fluorosulphate fom, snd (b) a small shift to high
fie1ld caused by the breaking up of hydrogen bonding by the cation,

A pro£on taking part in a hydrogen bond is less shielded than ﬁha& '
associated with a single -acid moleculs. BSince the shifts rbportid
by Birchell (e.g., =0.822 ppm for & 0.697 m Cs80,7 solution) aﬁeﬁnot
small compared to the shifts reported in this work (Experiment 20,
Table VI), the use of nuclei 1n;a§sqciamed solvents such as 65% oleum
or fluorosulphuric acid for the determination of magnetic susceptibi-
lities probably will not lead to correct results. It {s aurprising
that the magnetic susceptibility of iodine dissolved in 65% oleum sa

deternined by the EMR metho!ols10)

(80).

nethod The FMR shift may, in this instance, be a combination of

a negative interaction as observed for fluorosulphuric acid in this

work and 'a positive interaction resulting from the association of the

T
exchange vith the solvent, No hydrogen containing anions are present

'{odine cation' and the hydrogen containing 3820 ion which would

in fluorosulphuric acid,

‘agrees with thet found by the Gouy

56
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The 311 I,/8,0.F, sclution exhibits an umusual dependence of shift
on ooncentration in its proton rescusnce, Fig. 16. The initial mttivo
shift is considersbly grester than that reported by Birchail(®T) for the
alkall metal fluorosuiphates, The decreasing negative shift with increas-
ing concentration sbove O.3m msy result partly from the breaking up of
hydrogen bonding in the solvent.

The veriation of shift for solvent fluorine end prctoﬁ resonances
with change in temperature in thes l:l 12/8206’2 solution is given in
Table VII. Tha decrease in the low field shift of the fluorine resonance
vith decreasing temperature i{s probably the result of s number o't effects
chenge in solvent structure, changs in solvation and change in the solute
squilidria vhich is discussed _m' Ch@er V. The shift of the proton re-
sonance is probably the result ‘61'31;;110,1- effects, but the shirft gou
thi-ough' a maxinum at ~13°C snd begins decressing very rapidiy bila’v -60°c,
These obaservations cen be quuliﬁatiﬁiy related to the affect of }tumpora-
ture change on the molute equilibris and the mt.naiﬁy of the 640 mu
absorption in the visual spectra, Chmor v,

The fluctuating magnetic fields produced by paramagnetic fons
in solution provide a mechanism for spin-lattice relaxation of the
resonsting nucleus., The expression which relates the effective ﬁdgnctic
moment, u oft? of the paramsgnetic sﬁcios to the spinulattice relaxation

tine is8:
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2 2
AY nN_
1 p ' eff

vhere y is the magnetogyric ratio for the resonating nucleus, n is
the viccdlity of the solvent, lp is the number of paramagnetic ions
per cubic centimeter, k &s the Boltsmann constant, T is the tempera-
ture in degrees absolute and A u s constant. A has been assigned
several different values by different nuthors(9o‘98'99). The spin-
lattice relaxation time, Tl’ vhich determines the signal width in
liquids of low viscosity is rcittod to signal width by:

= ﬁ;— 1Iv-13
vhere A is the width at half height.

Rather then using IV-1l2, the relation detveen Vere and Tl is
usually established by assuming a More for one paramagnetic ion and
determining other magnetic moments on the basis of this standard,
This method gives reasonable values of Verr for ions other tfhm‘ those
in which there is orbital contribution to the nagnetic monent(go).

Connor and Bymonl(al)

have used si@d broadening to measure
the magnetic moment of the 'iodine cation' in 65% oleum. The signal
vidths cbtained by them sre much smeller than those predicted by the
expression IV-12 with A = 16/15 b\ﬁ by comparison with the signal
widths obtained dy uorgun(loo) for c:-(nn);3 in a water-glycerol mix-
ture of the same viscosity as 65% oleum they obtain a magnetic moment
for I* of 1.1BM comparsble to their result from the Gouy method.

The line Vidth.l of the fluorine and proton signals of fluoro-
sulphuric acid and the fluorine signal of 8

3081'2 in 1:1 12/82061'2
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solutions are given in Tadble VIII and plotted in Fig. 18, 1If it is
assumed that the brgmning of the signal is due to the presence of
the paramagnetic species alone, the order of line width at the same
iodine molality for the different nuclei may be explained in terns
of IV=]l2 by the change in the effective viscosity. The fluorine of
fluorosulphuric acid, through exchange with fluorosulphate ion will
spend more time noﬁr a positively charged paramagnetic spocies than
will the proton of the acid. Thus the viscosity associated with the
former will be effectively increased and the signal will be broader
than for the proton. '

The signal broadening for fluorine iz 83081'2 and the proton
in the golvent do not show a uneur‘dependenco on iodine concentration.
This suégests that the pu@etic species i{n these solutions is not
formed quantitatively, dbut tnkés part in some equilidbrium process.

, An attempt was made iq n%indnrdiu the protoﬁ FMR line vidths
in‘ﬂuorounilphmc acid with -muom‘, of some knowvn paramagnetic
npocin; It was found that ferﬂ.é chloride dissolved in fiuorosul-
phuric acid with the addition of potassium fluorosulphate, A small
smount of solid deposited if the solution was allowed to atand.‘ hﬁt
this vas nﬁih filtered off. ‘ Table IX gives the results of Gouy
susceptibility measurements and the NMR line widths for these solutions
and these are plotted against each other in Pig. 19, From this plot
the Xg for the 1l:1 12/82061‘2 solutions in Experiment 28 are determined
rrou_the line widths and these are compared with x s determined by the
Gouy method in Table VIII, It can be seen that the agreement is not

good. This is not unexpected wvhen it is considered that the paramagnetic
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species formed by ferric chlorido in fluorosulphuric acid may differ
in charge and solvation properties from the iodine species,

The KMR methods for the determination of magnetic susceptibi-
lities in fluorosulphuric acid do not appear to give the correct re-
sults. Part of the failure of the shift method and scatter of experi-
n;ntn p.oints nay be attributed to the shape of the sample. Dickinuon(ag)
has shown that in order for the sample to approximate to one of infinite
1enzth required for IV-5, the ratic of sample length to sample diameter
must be greater than 10 to 1 with the resonance being observed at the
middie of the sample, This requirement is not met exactly in this
vork due to the conatruction of the probe in the spectrometer which
has the resonance sensing coil placed only 1 om. from the bottom of
the sample. This allows a length to diameter ratio of less than 5 to 1
for one half of the NMR tube and would cause shifts to be smaller than

expected,
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Table IV

ggggetic Susceptibility Measurements gaogz Method2

Solution By

2

1k

15
16

17

18
21

mi—

HBO,F 0.000
1:1 1,/5,0.F, 0.235
1:1 I,/8,0,F, 0.0108

0.0253
0.0508
0.0879
0,170
0.328
0.879
4,67
3:1 1,/8,0¢F, 0.0953*
0.0953
0.179
0.373
0.801
1,83
3.58
5t1 1,/8,04F, 0.620
2:1 I,/8,0¢F, 0.0479
0.0913
0.162

2

t - defined as cgs. units per 127 gnm.

v
g

7.968

8.133

7.7986
T.99k2
8.087k4
8.0113
7.8687
8.1687
8.8029

10,7283

8.1411
8.1411
8.1093
8.2658
9.7953
9.6776

10,4294

8.7T45
T.9737
8.1k56
8.3542

¥(avg. ) Xg
x 106
-23,52 -0,311
-18.21  ~0.166
=23.07 -0, 300
-22.55 -0.280
-21.68 ~0.254
-20.54  «0.232
-18.38  ~0.176
-15.55 -0,099
~10,79  +0,019
-10.79  +0.015
23,34 -0,294
-23,00 -0.286
-22,07  =0.264
-20.99 -0,232
-18.68 -0,148
-18.62  ~0.1h48
-22,27  =0.207
24,90  =0,309
21,36 -0,250
19,98  =0.210
~-17.68 «0,148
iodine

* . remeasured after 6 days

xM+

x 106

357.2
507.6
646.7
590.6
483.5
kkh,s
387.2
279.4
125.4
103.2
1h6,2
1k8,2
128.8
138.1

80.5

b1.1

98.0
659.8
581.0
5k2,2
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Table V

Expected MR Shifts Determined from Gouy
Magnetic Susceptibility Measurements

Expt. Solution

1k HSOBF

15 1l 12/8206F2

16 1:1 12/8206F2

17 3:1 12/82061“2

0.235

0.0108
0.0253
0.0508
0.0879
0.170
0.328
0.879

L, 67

0.0953
0.179
0.373
0.801
1.83
3.58

0.377

0.0182
0.0k436
0.0873
0.147
0.272
0.508
1.21
3.59

0.16k
0.298
0.600
1.37
2,42
3.80

1.73
.77

1.70
1.7h
1.76
1.7h
1,72
1.78
1.92
2.33

1.77
1.76
1.80
2.13
2.10
2.27

X, Axv ‘ AS
x 106 x 106 (ppm,)
~0.539 0.000 0.00
-0.294  +0.245 0,513
-0.510 +0.029 0,061
-0.487 +0.052 0.109
-0.bk6  +0.093 0.195
0,405 40,134 0.281
=0.303 40,236 0.495
=0.176 +0.363 0.T60
+0.03T +0.576 1.23
+0,035 +0.5Th 1,22
~0.508 +0.031 0,065
-0.446  +0,093 0.195
~0.,418 +0.121 0.25h4
-0.316 +0.,223 0.L67
0,311 +0.228 0.L78
~0.4T70 40,069 0.1bk
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Table VI
M atic Susceptibility Measurements (IMR Shift Method

Experiment 19, 3:1 12/8206F2 Resonance shifted: lH in HSC_F

3
Reference: “H in HSO3F. Temperature: 28°C,
m M
Ho s
0,625 1.09 -0.817
0,490 0.875 -1,482
0.236 0,393  © =2.635

3?

Reference: lK'infﬁSO F. Temperature: 28°C,

Pxperiment 20, 1:1 1,/8,0.F,  Resonance shifted: 14 in HSO

i
fzﬁi fﬁ&i A8 (ppm)
4,67 3,59 41,585
0,754 1,0k ~+1.970
0.108 0.180 - 40,542
0.042 0.072 +0.359
0.0053  0.0090 +0.125

1

Experiment 22, l:1 I?/8206F2 Resonance shifted: "H in‘trinitrobenzene

dissolved in HS80.F, Reference: 18 in H,0. Temperature: 28°c,

3
’:I_% ’ilg_ ~ 8ops, (PP) A8 (ppm)
0.00 0.00 -h, 617 0.000
0.51k 0.750 - -
0.11k 0.188 - —
0.0k46 0.0750 =k 496 +0.121
0.023 0.0375 ~4,567 +0,050

0,011 0.0188 -k.600 +0.017



Experiment 23, 1:1 12/S2O£F

m
1

0.000
0.51k
0.1L3
0.029

0.01k

Experiment 2,

Table VI (Continued)

2

Resonance shifted: lgF in S3O8F'2

Reference: 19F in 8308F2. Temperature: 28°C,

M
I2

0.000
0.750
0.234
0.0L69

0.023L

i:2 12/8206F2

Reference:

M
I2

0.377
0.195
0.131
0.098

0,077

19

“F

8 e, (PPR) a8 (ppm)
-0.083 0.000
+0,351 +0, 434
+0,127 +0,210

0.000 -
0.000 —

Resonance shifted: ™ F in HSOF
in HSOBF. Temperature: 27,3°C,
46 (ppm)
~0.€36
~0.372
-0.257
-0,20k
-0.167

an



Table VII

Verintion of Magnetic Susceptibility with Temperalure (IMR Method)

Experiment 25, 1:1 I,/6,0F,  Resonance shifted: 19 in BSO,F

Reference: 19F in HSO.F,

_ 3
M, ' °
ffg. I AS (ppm) T(°C)
0.235 Oc 377 "0' 636 27'3°C
0.23% 0.377 ~0.569 0.0
0.235 C.377 «0,530 -2k,0
0.235 00 377 -Oohn!l "'l"706
0.235 0.377 -0.hE5 -~Th,0
Experiment 26, 1l:1l 12/8206F2 Resonance shifted: L4 in HSOBF

Reference: IH in HSO_F.

3
my Y 86 (ppm)  T(°C)
- -2 —_— —

0.1862 0.303 +0.595 28.0
0.1862 0.303 +0.608 1.5
0.1862 0.303 +0.620 -13.0
0.1662 0.303 +0.612 -28,0
0.1862 0.303 +0,608 -43.5
0.1862 0.303 +0.605 -60,0
0.1862 0.303 +0,518 =75.0



Line Widths of NMR Spectra in 1:1 12/8206F2 Solutions

Table VIII

Experiment 23

Experiment 24

Experiment 25

Resonance broadened: 19F in 8.0

3°8F>
0.000 0.000 3.5
0,514 0.750 13.2
0.143 0.234 7.6
0,029 0.0469 4,2
0.01L 0.0234 3.5
Resconance broadened:,lgF in HSO3F
2 2 e
0.235 0.377 - 1k4.6
0.118 0,195 17.8
0,078 0.131 7.7
0.059 0.098 7,0
0.0kLT 0.077 S.b

Resonance broadened: lH in HSO3F

A (cps) T(°C)
14,6 27.3
14.8 0.0
19.2 24,0
23.8 =47.6

~Th,0

3k.7
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Table VIII (Continued)

Experiment 26 Resonance broadened: lH in HSO3F
M

= R bl

0.1862 0,303 5.6
Experiment 28 Resonance hroadened: lH in HSO3F

6 6

mI2 MI? A (cpe) xs b4 10‘.3 xs x 10
— - (_of Fe °) (Gouy Method)
4,67 3.59 27.5 - +0.085 +0.015
0.879 1.21 10.5 ~0,1k0 +0,019
0.328 0.508 T.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 -~ =3,230 -0,25h
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Table IX

MR Line Widths and Magnetic Susceptibilities

(Gouy Method) of Fe III Solutions

Experiment 27

é Fg(av?.)) X. X 106 A (cps)
8,0637 +21,05 +0,825 180
8.0220 ~11,56 -0,001 20.5
7.8556 ~23.22 -0,302 2.0

T.979 ~24,03 -0.311 0.5
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Figure 15 Magnetic Susceptibilities : Gouy Method
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CHAPTER V

Visual and UV Spectra, ngoscogz and Conductivitx

From the freezing point depression and a knowledge of the cryo-
scopic constant, kf, the expression III-1l can be used to determine the
number 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, I The y values

o
in this work were determined by a direct comparison of the conductivity due
to the solute with that of potassium fluorosulphate at the same concentre-
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 ilodine fluoro-
sulphate solutions is the same as that of the potassium cation. This assump-
tion is reasonable as the potassium cation contributes only 11% to the total

conductivity of the potassium fluorosulphate(gh).

Peroxydisulphuryldifiuoride
The results of cryoscopic measurements on peroxydisulphuryldifluoride

are given in Table I and Pig. 9. The conductivity measurements at 25°C are
presented in Table XI and Pig. 21. The very small conductivity observed

wvas at the limit of the accuracy of the method and cannot be definitely

- T4 -
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attributed to peroxydisulphuryldifluoride. The same order of conductance
increase (~10~° ohm™t cm'l) was obtained vhen a conductivity run was car-
ried out in which an empty dropper was used. In this run the cell was
opened, the empty dropper was inserted and withdrawn, the cell was closed
and shaken and then the conductance was read, The change in conductivity
obgerved with peroxydisulphuryldifluoride is probably due to atmospheric

moisture and we may conclude, therefore, that 8206F2 is & non~electrolyte,

1:7 12/8206F2

The work of Roberts and Cddy(3h) suggests that no higher.fluoro-
sulphates than iodine trifluorosulphste are formed from iodinefiﬁﬁexcess
peroxydisulphuryldifluoride. The pregent work indicates tha£ this is also
true in fluorosulphuric acid. The-ieﬁults of the cryoscopy.of‘é‘solution
of 1:7 12/8206F2 are given in Table XII and Fig, 22. The plot éi&gs av

of 6.32 in reasonable agreement vwith the reaction:
I, + 7 8,0, — 2 I(SO3F)3 + b 8,0¢F, Vel
v =60

The fluorine NMR spectrum of the 0,1082 m iodine solution, which
wvas used to meke additione to the cryoscope in experiment 35, consisted of
two peaks separated by 89 cps in the fluorine-on-sulphur region of the spec-
trum, The large peak at lowest field can be assigned to the solvent on the
basis of the mole ratio of the solvent to solutes., The small peak to high
field of the solvent peak was shown to be that of peroxydisulphuryldifluoride
by the addition of a further amount of the peroxide to the solution. The
results discussed in the section on 1:3 12/82061"2 solutions indicate that

iodine trifluorosulphate undergoes exchange with the solvent which accounts
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for the absence of a peak due to iodine trifluorosulphate from the RMR
spectrum of the 1:7 12/82061'2 solution. The iodine trifluorosulphate pro-
bably contributes to the solvent peak as a result of rapid exchange. Inte=-
gration of the spectrum gave a solvent-to-peroxide peak area ratio of 11l.3,
The stoichliometry of the dropper solution, assuming reection according to
V-1, requires a solvent to peroxide fluorine ratio of 11.6 and, if the large
peak to loﬁest field is due to both the solvent and iodine trifludroaulphate,
the required ratio is 12.4, The NMR Spectrum at -90°C also consisted of the
two peaks observed at 25°C, indicating that the exchange between fodine tri-
fluorosulphate and the solvent is not stopped at temperatures dqwﬁ to the
freezing point of the solvent. . ‘4 w

The fluorine EMR spectrun-Qt.a solution of iodine dispplved in an
excess of peroxydisulphuryldifiﬁoride consists of two peaks;va,péroxide peak
and an 1pdine trifluorosulphate.ppak, In a solution with thea1213206F2
mole ratio of 1:43 the iodine trifigdrosulphaxe absorption lies 3%2 cps to

low £ield of that of the peroxide.

1:3 12/8206F2

The results of cryoseqpic ﬁeééurements on solutions of 1:3ﬂ12/8206F2
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, The conductivity run at 25°C i{s plotted in Fig. 21 and that
at «78.52°C in Pig. 23. The v value, 1.93, and the very small y values
(<0.1) at bvoth temperatures suggest the same reaction as in the 1:7 I2/
8206F2 solution:

I, + 3 8,0,F, — 2 I(SO3F)3 V-2

v= 2,0, vy= 0,0
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The small conductivity probebly arises from an ionisation of iodine tri-
fluorosulphate. In order to determine whether icdine trifluorosulphate
acts 8s a base or an acid, two experiments were carried out in which potas-
sium fluorosulphate was added to a solution of the trifluorosulphate (Table
XIV and Figs. 24 and 25),

Vhen the mole ratio of potassium fluorosulphate to iodine tri-
fluorosulphate exceeds 1 to 5, the conductivity of the eolution falls below
that of potassium fluorosulphate alone at equal potassium fluorosulphate
molalities, indicating the removal of fluorosulphate ion by the iodine tri-
fluorosulphate. Thus iodine trifluorosulphate acts as a very weak acid,

Kyv.3

1(B0gF) 4 + 2 HS0.F ——> n2003r + 1(8057)), v-3

Cady and Lustig have reported the preparation of the potassium salt,

KI(S0. F)h(27). The conductivity does not pass through a minimum when
potassium fluorosulphate is added to iodine trifluorosulphate (Fig. 25), as
expected for the conductimetric titration of an acid with a b#he. This is

probably due to the presence in the solvent of traces of water which acts

as a b&ﬂe(lo)-

Since the fluorosulphuric acidium ion is responsible for ~95% of

{15)

the conductivity of the solutions of acids , it is possible to estimate

the molaiity of H F from a comparison of the conductivity of iodine

+(15) a0
N

determine KV~3° The concentration of HESOBF+ in the 1:3 12/820615'p solutions

3
trifluorosulphate (Fig. 21) with that calculated for H,80

is comparable to that of the impurities in the soivent and for this reason
it is not possible to determine K§_3 exactly, but an estimate from the

information in Fig. 21 gives 1“110'5. The ionisation of iodine trifluoro-
sulphate provides a mechanism for exchange of fluorosulphate with the sol-

vent and accounts for the absence of an NMR signal due to this compound in
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fluorosulphuric acid solutions.

Fig. 26 shows the visual and UV spectrum of a 0.12k m solution of
iodine trifluorosulphate in fluorosulphuric acid containing a trace of water,
Spectra taken at 28°C and -85°C are given. A 0.03 cm path length was used
and thus the spectrum is equivalent to that of a 0.00372 m solution of
iodine trifluorosulphate in a cell of 1 cm, path length, It is virtually
impossible to keep water out of these solutions and its presence is easily
detected since the products of the reaction with water have a much higher
extinction coefficient than that of iodine trifluorosulphate. The addition
of watef causes those peaks which are characteristic of the spectrum of
1:1 12/8206F2 solution at 25°C, 488 my and 640 mu, to appear in the iodine
trifluorosulphate spectrum. From a comparison of the height of the 640 my
peak in the room temperature spectrum in Fig. 26 and in the spectrum of the
1:1 solution in Fig. 3%, it is estimated that the iodine molality which
causes the 1l:1 spectrum in Fig. 26 is 0.00L m or 1/15th of the total iodine
in the solution. The peak at 366 my may be due to IOSO3F which is discussed
below. The presence of excess peroxydisulphuryldifluoride in the solutions
removes the 1:1 absorption and the resultant spectrum of a 0.00014 m solu-
tion in a cell of 1 cm., path length is shown in Fig. 26. There is no absorp-
tion esbove 300 mu,

The reaction between iodine trifluorosulphate and water at low teme
peratures vas studied by cryoscopy (Table XV, Pig. 27) and conductivity at
-78.52°C (Table XVI, Fig, 28). There is an initiel decrease in the number
of particles with the addition of water at the rate of -0.19 ﬁarticles per

molecule of wvater 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, 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 weter 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 fluorosulphuric 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 resulﬁs

suggest the reaction:

1(80,F)5 + Hy0 ——> IOSO0,7 + 2 HSO,F V-l
The initial removal of particles may be accounted for by the polymerisation
of iodosyl Tluorosulphate and the small initiel conductivity may be the
result of ionisation of the iodosyl fluorosulphate.

When the solution of iodine trifluorosulphate and water from the
conductivity experiment (experiment 45) was warmed to 25°C, it turned from
a pale green to a dark green-blue irreversibly and upon standing depoaited
a yellow sclid not unlike the behaviour of Senior's 3:1 3103/12 solution in

(10)

fluorosulphuric acid . This green~blue colour,which is characteristic

of the iodine oxidation state of one,suggests that disproportionation occurs.

3:1 12/8206F2

The cryoscopy of the 3:1 12/82061"’2 solution (Table XII, Fig. 29)
gives v = 1,26 particles and the conductivity experiments at 25°C (Table XI,

Fig. 30) and -T8,52°C (Table XIII, Fig. 31) give Yo500 ™ 0.69 and
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Y-?B 529¢ = 0,65 reaspectively. These results are consistent with the

reaction:

- + -
3 I, + 8206F2 —_— 2 I3 + 2 8031’4’ V=5

va 1,33, y= 0,67

It should be noted that in any reaction in which fluorosulphate ion is
formed, v must be determined from the slope of the freezinge=point=-
concentration plot after the initial small slope caused by the presence of
free excess sulphur trioxide in the solvent (Chapter IXI), The preparation

of the third-valent iodine cation, 13+, in 98% and 100% sulphuric acid hes

(10,148,74,77) (10)

besn reported by several authors and Senior has given cryo-

scopic and conductimetric evidence for it in T:1 12/3103 mixtures in fluoro-

sulphuric acid. The spectrum of a 0.0112 m I_SO_F solution at 28°C using a

373
0.01 cn. path length which is given in Fig. 32 1is essentially the same as
(35)

(h8)

that siven by Aubke and Cady A similar spectrum is 5iven by Symons

for I, in 100% sulphuric acid ;. ”he spectrum of the above I3 3

3
‘solutfon in fluorosulphuric aci& at -85°C is also given in Fig. 32, 'These
spectra indicate that 13 probably.does not diaproportionate'since tho
characteristic absorptions of the l:l (Fig. 34), 2:1 (Fig. 37) and 5 1

(Pig. 33) I /S 20l solution apectra are not observed. The 35h mu ‘absorp-
tion (-85°C) and 640 my absorption observed in the 1:1 I /S 06F solution
spectra, Fig. 34, and the 3Lk my peak of the 5:1 I, /S 506F 5 solution spectra,
Fig. 33, are missing. The absorptions 305 mp and 470 mu are ﬁrobﬁbly

characteristic maxima for I3+ at 28°C.
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511 12/8206F2

(48)

8ymons has shown that when iodine is added to solutions of 100%

sulphuric acid containing I * there {8 no increase in the conductivity. This

3
is accounted for by the reaction:

I++I ———>—I+

3 o 5 V-6

The conductivity of fluorosulphuric acid solutions of I3SO3F to which f{odine

has been added slowly increases with time indicating oxidation of the iodine
. .

or 15 by the solvent. The results of a cryoscopy experiment (Table XII,

Pig. 29) in which the temperature of the solution probably never rose above

~20°C and thus oxidation was considerably reduced give v = 0,86 which sug-

gests the reaction:

5 1, + 8,0,F, —> 2 15* + 2 S0F" Va7

v = 0,00

It is not possible to state whether the experimental v value,“§11ghtly

larger than that required by V-7, indicates oxidation of the I * by the

5

solvent or dissociation of IS* to 1'3+ and iodine.

The spectrum of the 5:1 I2/8?06F2 solution at 28°C and =85°C is
given in Fig. 33. The iodine molality was 0.0093 m and the path length
wvas 0,03 cm, The peaks at 344 my and 240 mpy which are more intense at

~85°C, are probably due to IS+' Symons has suggested that IS* in 100%

sulphuric acid absorbs at 330 mp and 450 mu(ha). The absorption at 466 mu

which shifts to 452 my at =85°C is present in both the 13+ and IS+ spectra.

The peeks at 466 my and 272 my in Fig. 33 may be due to I3+. The under-

lying absorption may cause the 305 mu peak of 13* (Fig. 32) to appear at

shorter vave lengths than usual. In the spectrum taken at 28°C, the short
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wave length peak of I3+ may be lying under the broad absorption at 34k my.

Alternatively, only a small concentration of I + may be pregent in the

3

solution at 28°C and the absorption at 466 mu may be common to both I '

5

+*
and I3 .

1:1 and 231 12/3206F2

The spectra of the 1l:1 and 2:1 12/8206F2 mixtures contain the

three peaks at 640 my, 488 my and 409 my (Figs. 34, 35, 36, 37) although the

+
3

solutions containing traces of water and in 2:1 12/8206F2 solutions. The

488 my peak is obscured by the I. absorption at 470 my in the 1:1 12/5206F2
presence of these three peaks indicates that these solutions contain the
aame iodine species and the evidence to be pregsented in the following sec-
tions asuggests that the pesaks are due to 12+. The variation of the conduc=-
tivity with iodine molality for both of these solutions (Figs. 30, 31) in-
dicates that an equilibrium is involved which removes fluorosulphate ion

as iodine molality is increased,

(1) 122 12/8206F2

The 1:1 12/8206F2 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), magnetic susceptibilities (Chapter IV, Table IV,
FPig. 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 differ from those at ~ =80°C and it is convenient to divide
the discussion into two parts.

(a) Results at 25°C

The spectrum of the 1l:1 12/8206F2 solution at room temperature,

Fig. 34, is very similar to that of iodine and iodine chloride in 65%



83

(80)

oleum s lodine and iodine chloride in iodine pentafluoride containing a

little water(ae)

acid(lo). The spectrum is the same in all these solvents and is unaffected

and 1:2 12/3103 and 1:1 12/K28208 in fluorosulphuric

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 I3+ peaks in the spectrum as shown in Fig. 35 at the expense of the
characteristic 'icdine cation' peaks at 640 my, 488 my, and 409 my. The I *

3
asbscrptions in Fig. 35 are not at exactly the same frequency as those in
Fig. 32 bYecause in the former case the peaks are shifted slightly by other
absorptions lying under them. An 'iodine cation' peak at L4838 mp causes the
I3+‘peak at 470 my to be shifted to longer wave lengths and the strong
shoulder which covers the 200 « 300 mp region shifts the 307 mu absorption
cf I * to shorter wave lengths. ‘I3+ probably arises from a‘reaction of

3
water with the 'iodine cation' such as !

LI LIPS HyO —> 13" + 0V + 21 V-8

Change in iodine concentraticn.é@pears to have little effect oﬁ the spectrum
of the 'iodine cation'. The spectrum in Fig. 34 is taken with a 0.,0186 m
iodine solution using a 0.01 cm, path length which gives effectively the
spectrum of a 0.000186 m iodine solution with a 1 cm, path length. Fig. 35
shows the spectrum of a 0.00019 m iodine solution tsken with a 1 cm. path
length, Therefore the intensities of the two spectra are comparable. It
can be seen that a 100-fold increase in concentration gives a fall in the
intensity of the 640 my peak from 0.67 to 0.55 optical density. This result
is discussed in more detail at the end of this section. The 488 mpy and

409 my peaks behave aimilarly,vwhich suggests that the 640 mu, 488 my and

409 mu absorptions arise from the same species. Several possible equilibria
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may be examined for an explanation of the spectra, magnetic susceptibvilities
and conductivities. To facilitate the calculation of equilibrium constants
interpolated y values, taken from Fig. 30 and listed in Table XVII were

usged,

(80) yave claimed that all of the fodine in

Symons and co-~-workers
65% oleum is present as I*. The analogous reaction in the iodine and per-

oxydisulphuryldifluoride system would be:

4 -
12 + S2O6F2 —_— 2T +2 SO3F V=9

However, experimentally y is less than 1.0, which eliminates V-9, which

requires vy = 2,0. The equilibriumzb

K10

2 IS0.F == 2 a0 50,7 V10
2nm, (1 - a) 2m. o Sm. o
I, I, I,

does not give a constant Kv-lo when the experimental y values are substi-
tuted into the expression for thé equilibriun constant:
(1*lisor™] ™ ¥

2
=20 7 [IsojﬁTf 2 2(1 - %)

Vel1

for which a = %" The calculated K,_yo are given in Table XVIII,  According

&

+ at mIé,e 0.03 m, where y = 0,646, would be

cgs units vhich corresponds to Vore = 2.19 BM, The expected

M1
1990 x 10~

spin only moment for 1% which would have two unpaired electrons is 2.83 BM.

Another possible equilibrium might be:

K2 4 -
1,(80,F), oo 1,7 42 s0.F V12

my (3 = a) m.a m a

2 2 2
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for which a = 5 and KV-12 is given by:
m2 Y3
I2
Ke12 = 3775 v-13

The experimental y values do not give a constant KV-12 as shown in Table
XVIII., It is expected that 12**. which is isocelectronic in its outer
shell with 02, would heve a magnetic moment of 2,83 EM, the spin only
value for two unpaired electrons(so). The equilibrium V-12 gives at mI2 s

0.03 m for which y = 0,646, XM ae = 3980 x 10"6 which corresponds to

Ip
Hopr = 3.10 BM., This value is greater than the expected 2.83 BM,
The equilibrium:

12(8031")2 = 128031? + SO3F V-lh

does not seem likely since I 3F would probably be diamagnetic or
weakly paramagnetic by anslogy vith I (Table IV, Chapter IV)

Any equilibria of the sort-
21" + 2 80.F == l + %505 + --I(SO | V-ls
: 3 & 3 "2 3Ty

214280 == n-‘-IS‘_‘ffﬁSO3F "’IEI(S°3F)3;,;’_

and the related equilibria with fhe dimer I **in place of Ifwﬁay be
eliminated as possibilities since the concentration of the I3 or IS
requirpd by the experimental ¥y vglues would be readily detectgd_ 2

spectrum. The y value of 0.698.ax mI = 0.0186 m iodine would require
bl 5
approximately 90% disproportionation of ¥ to I3+

+ molality of 0.0082 m according to V-15., This

and I(SO3F)3 which

would give rise to an 13

concentration of I3+ would be detected in Fig. 34 when it is considered
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that the molality of I SO_F in Fig., 32 is 0.0112 m. Disproportionation

3773
to I5+ and I(SO3F)3 does not seem probable for the additional reason that,
if the iodine in the 1:1 12/8206F2 solutions disproportionates to these
species, the iodine in the 3:1 I2/8206P2 solutions would be expected to
do so and as shown above there is no evidence for dispronortionation of
IBSOBF. |

Experimental evidence to be presented in the section oun solutions
of 2:1 12/8206F2 stoichiometry suggests that the iodine cation whiech
causes the absorption spectrum with maxima at 640 mp, 488 mp and 409 mu

is 12*. The primary reaction in the 1:1 12/8206F2 mixture would then be:

h _+ k4 - 2 ;
T 12 + T SO3F‘ + 3 I(SO3F)3 V=17

12 + 82061'2 ——
y = 0,80
The limiting y value at low iodiné.molalities is 0.77 (Fig. 30) in good
agreement with V-17. Since iodine'trifluorosulphate behaves as a weak

acid, the products of V-1T7 would take part in the equilibrium:

- —— -
SO3F + I(SO3F)3.<____ I(SO3F)h : V-18

This equilibrium would account for the negative deviation of the conduc-
tivity from linearity but it does not account for the decrease in-moler
magnetic susceptibility of the iodine with increasing iodine molality

(Fig. 15) and the relative decrease in the intensity of the I + absorption

2
at 640 my with increasing iodine molality (Figs. 34, 35 and 36). Dimeri-
sation of I?+ to form a diamagnetic species Ih** would account for these

observations.

Three possible equilibria which may fit the experimental results are:



2
These equilibria

of I +

5 to iodine

1,/8,0.F, system

«Q
0206F2 mixtures,

871

-t

—> L1 *+LlsorF +L(sor -
I(80F), = 5 I, + 3 80;F + S I(80,F),  V-19

h I.80.F + =

3 == § 1Y v-20

+%nm§) uw;h

80 F

— (ISO3F)2 V21

would te accompsnied by V-1l8 also. Disproportionation

<+
trifluorosulphate and I, , as in V-19, occurs in the 2:1

3
discucsed below but does not teke place in the 1:1 I2/

This ie apparent from the speetra (Figs. 3%, 35 and 36),

+ .
where although the relative intensity of the I, pesk at €40 mu is decreas=-

ing with inereasing molality, no I3+ reake (Fig. 32) appear. Apparently

the presence in the 1:1 12/8206F2 soluticen of a larger concéntrapion of
iodine trifluorosulphate than in the 2:1 IQ/SQO6F2 solution prevents re-

: +*
duction of 12 to 13

radical, I SO3F, ag in V=20, would seem unlikely.

3F vould be required to account for the decrease in magnetic suscepti-

+ L
in the former. -Association to form a stable free

Dimerisation 5f
I 80
bility with increase in iodine molality.

Todine monofluorosulphate has been prepared by Ruoxe and Cady(35)
Dimerisation or polvmerisation of thia fluorosulphate is required to pro-
r would

vide a driving force in V-21 since an equilibrium involving I

“3
Lave an equal nunber of particles on both sides of the equlllbrlup. The
equilibria V-10 to V-21 are all accompanied by at least one otﬁef,eduili-
brium and the conductivity resulta alone are insufficlent to check the
vallidity of thege equilibria absolutely.

The relative decrease in the intensity of the 640 my peak with

increasing iodine molality is accompanied by a relative increase in the
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absorption below 300 mu, suggesting that the product formed from 12+
at higher iodine molalities, Ih’* or (ISO3F)2, must absorb in this
region of the spectrum, It is a reasonable assumption that all of
the iodine in the 0.00019 m solution used for the spectra in Fig. 35
1a present as iodine trifluorosulphate and 12"' and thus it is possible

to determine the molal extinction coefficient for the 640 my peak,

+

212+(6h0). This gives the value 4310 and from this the molality of 12

in the 0.0186 m and 0.093 m solutions used for the spectra at 28°C in
Figs. 34 and 36 are calculated to be 0.013 m and 0,036 m respectively.
From the x, taken from Fig. 15 at the concentrations of the spectra solu-
tions ()(M = 508 x 10"6 cgs units assumed for 0,00019 in solution) and the
molality for the 12". the molar magnetic susceptibility for 124' can be
calculated and the effective megnetic mcment, u ef?? determined. This
gives in order of increasing mIQ; Vorr = 1.76 BM, 2,09 BM and 2,28 BM.
The expected effective magnetic moment of I," which would have a 2u3 I

ground state ia 2,0 BM,

(b) Low Temperature Results

The results of the cryoscopy of the 1:1 I‘,'3/8206F‘2 solution,
Table XII and Fig, 22, give v = 1,20, The conductivity measurements at
~78.52°C are given in Table XIII snd Fig. 30. The spectrum of this s0lu-
tion, Fig. 33, changes as the temperature is lowered and several new peaks
appear. The characteristic peaks of 13* at 350 mpy and 470 my appear shifted
slightly from the positions in Fig. 32 because of the underlying shoulder
below 300 my and the 'iodine cation' peak at 488 my. A strong peak appears

at 354 muy. The absorption at 640 my increases to a maximum at -20,0°C
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then decreases until, at -92,0°C, its intensity is approximately one-third
of that at 25°C. The shift, Ad, of the proton resonance of the solvent

in this solution exhibits a related behaviour with a maximum shift observed
at =13°C (Teable VII). The similcr behaviour of these two observations sug-
gests that the 640 mu peak is probably that of the paramagnetic species in
solution. The changes in the spectrum with temperature occur largely over
the temperature range -75°C to =-90°C and for this reason the y values de-
termined at -78,52°C are not strictly comparable to the v values for this

solution. Table XIX gives the interpolated y values for the 1l:1 12/8206F2

solution at -78.52°C. This system is probably governed by two equilibrium

+
3

wvhich will be discussed in the hext section and another involviné the

constants; one involving the disproportionation of 12" to I," and I(504F),
species which gives rise to the peak at 354 mu. For this reason, the y
values are insufficient to absolutely test any proposed equilibria., The
esquilibria V-18 and V-19 would acéount for the experimental resﬂ;ts. The
right side of V=19 has v = 1.5 and the formation of I(SO3F)£ by #QlB
would give & lower v value. Further association to form I3I(SO3F)h nay
occur. I3I(SO3F)h has the stoichiometry required for iodine monofluoro-
sulphate'3%) and 1s analogous to the salt n(soBF)h(""”. The sbsorption

meximum at 354 my may be due to the I(803F)Z ion.

(2) 2:1 I2/8206F2

When jodine is added to the l:1 12/8206F2 solution the optical
density of the 640 mu ebsorption in the spectrum (Fig, 3k, m12 = 0,0186)
increases until at 2:1 12/8206F2 (rig. 37, By = 0.0372) the optical density

2

(1.11) is twice that of the 1:1 12/8206F2 solution (0.55). This observation
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i8 not consistent with the assignment of the 640 muy absorption to either
-
I* or 12 since in the 2:1 molution these species would be accompanied

by species of lower velence according to:

+

1. ++
212+8206F2 — 1 (-2-1 )

+ 1% +2 807 V23

2 3 3

+ -
5 + 4 803F V-2h

b1, +28,0F, —31°(3 L")+
The spectrum of the 2:1 IE/S2O6F2 solution, FPig, 37, has absorptions -
characteristic of I3+ (300 mp end 475 mp, underlying the LGS my sbgorption
of the 111 I,/S,0(F, soluticn) but their intensity relative to the 640 my peak
is tco lovw to agree with V-23, Characteristic peaks due to 5:1 12/8206F2
solutions are absent from the spectrum also, In addition, if I+ or 12**
is the species causing the 640 my absorption, a decrease in the ‘bpt'ica.l
density at this frequency would be expected as iodine was added to the
1:1 12/8206F‘2 golution, |

The beheviour of the 640 my peak is consistent with the formation
¢f a half-velent iodine species. In dilute solution vhere disproportiona-
tion and association reactions are not important, the addition of iodine
to the 1:1 12/8206F2 sclution up to 2:1 stoichiometry may be accounted

for by:

55‘-1"+l-‘-so

. _ :
o 5 805 ~—3>21 +2 SO F V=25

- 2
+ S
F 5 I(SOBF)3 + 12 N 3
The graater magnetic susceptibility of the iodine in the 2:1 12/8206F2
solutions compared toc the 1:1 12/8206F2 solutions, Table IV and Fig. 15,

18 also explalned by V=25,
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The results of a conductivity experiment on the 2:1 12/3206F2
golution are given in Teble XI and Fig, 30, Interpolated y values are
given in Tahle XX, The conductivity at lov iodine molalities approaches

that of potassium fluorosulphate in sgreement with the reaction:

+ .
21 +8206F2 — 21 + 2 80F V=26

2 2 3
and the negative curvature of the plot suggests that some association or
disproporticnation reaction is occurring whieh removes fluorosulphate
ions.

The spectrum of the 2:1.i2/8206F2 solution was taken at two dif-
ferent lodine molalities; 0.0372 m with a 0.01 em. path length, Fig. 37,
and 0,164k m with a 0.005 em. path length, Fig. 36. A compafiaon of these

spectra indicates an increase in the concentration of I + relative to

3
the I; concentration at higher iodine molality. This suggests that the
following reaction is occurring:
%+ 507" .EY:EZ, 1 I(SO_F),_ + %.I s a-so F -f;g7T
2 3 2 <—=78 "33 3 3 Rl

“Ie(l"“) ”‘12(1"") ”‘12 ’g‘. ”‘12 28‘1' “12 280l

Since thé concentration of 1odiné7tr1fluorosulphate in these ﬁ61ﬁtions is
small and K, . is small the effect Qf' the equilibrium V-3 can be ismm 4
and, substituting a = %-(1 -y)e L

3k X8 (2d s v))5/8

- v-28
.27 27 (o - 51 170

Equilibrium constants Ky 27 calculated from interpolated y values are

given in Table XXI. is reascnadbly well behaved, suggesting that
=27
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V-27 is the predominant reaction which removes fluorosulphaté ion as the
iodine molality 1s increased,
If the description of the 1:1 12/8206F2 solution as consisting

of the iodine species I * and I(SOBF')3 (V-17) in dilute solution is

2

correct, it should be possible to calculate the concentration of 12* in

a 2:1 12/8206F? solution from the optical density of the 640 muy peak and

the extinction coefficient calculated for 12+

1:1 I, /8 ,0gF, Bolution given in Fig. 35 (e (6&0) = 4310), From the

from the spectrum of the

optical density of the 640 mu peak in Fig. 37, the molality of I in

the 0.0372 m iodine solution is 0.0258 m. Calculation of the.xe* molality
by mI “
(1, ) "-- (87 - 5) av.zg

for the equilibrium V.27 at ths qams iodine molality gives O. 028b m.

The I o molality calculated from the spectrum is in fair agreenent with

that calculated from V-29 which substantiates the argument that’the 2:1
and 1:1 12/8206F2 solutions contsain Iz*. From the spectrum gi#eéxin

Fig. 36 for a 0,164 m iodine solution the I,
according to V-29, the 12* molelity is 0.114 m. The agreemenf ﬁétween

* molality is 0.116 n and,

the T," molality as caleculated by the two methods at two different lodine
molalities lends weight to the explanation of the results by>£hé‘dispro-

I2+ according to Y-27. |
The extinction coefficient of I

portionation of

3* at 28°C for the peak at 305 my

may be calculated from the spectrum for a 0,0168 m iodine solution in

~ m
Pig., 32. his glves GI (305) = 8820 in terms of moles of 13 . Using
this value and the optical density of the pesk at 302 mu in Fig. 37, the

I

3 molality in this 2:1 I /S ,0¢F, solution (m = 0,0372) is 0.0036 m,

2
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The molality in this solution may be calculated for the equilibrium V27

from the expression:

[I3+) = %-m12 (1 -vy) V-30

This gives [Is*] = 0,0056 m. Similarly the spectrum in Fig. 36 gives
[I3+] =2 0,043 m and V-30 gives [IB*] = 0,038 m for a total iodine molality
of 0.164 m. The agreement is only fair, suggesting that V-27 may not des-
cribe the equilibrium in the 2:1 12/3206}?2 solutions exactly.

At m; = 0.05, the molality of 12* would be 0.038 m by V-29 and,
if all of the paramagnetism is caused by this cation, % for I2+ becomes
1725 x 10"6 cgs units. 'This molar susceptibility corresponds to an effec-
tive magnetic moment of 2.08 BM. This value sgrees favourably with the

(50)

effective magnetic moment expected for the 2: state of 12*, 2,0 BM

3/2

The variation of KV—QT calculated from y values for different
iodine molalities and the Adiscrepancies between 12+ and I3+ molalities
calculated from V-29 and V=30 and those calculated from spectra indicate
that V-27 does not exactly describe the sztate of the iodine in these solu-
tions, The icdine may alsc take part in equilibrias like those suggested
for the 1:1 1,/8,0.F, solutions (V-18 to V=21).

The results of the studies on the 1:1 end 2:1 12/8206F2 solutions
indicate that the predominsnt parsmagnetic species which gives rise to

the 640 mp absorption is probably 12+. The I.% ion would have a 2u3/2

2

ground state and since the splitting between this state and the diemagnetic
{

21 gstate would probzbly be greater than kT‘SO). we would expect the

1/2

magnetic momant of the 2n3/ state alone, 2,0 BM, The effective magnetic

2
moment determined for the 1:1 and 2:1 12/5206F2 aystens is in agreement
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with this value. Electron spin resonance studies may confirm the exis-
tence of 12+.

The equilibria governing the behaviour of the iodine fluorosulphates
in the 1l:l 12/8206F2 solutions is not clear. With a precise knowledge of
‘12*(6h0)’ it may be possible to determine the Iz+ molelity over a range
of iodine molalities at 25°C and -78.52°C and with the conductivity results,
determine the nature of the equilibria governing this system., Low tempera-

ture magnetic susceptibility measurements would confiyrm the presence of

I2+, which is indicated by the low temperature spectra,



Table X

Potassium Fluorosulphate Conductivities at -18.§2°C

Experiment 29 Weight Acid = 73,090 gnm.
"Kso3F mKSO3F K x 10°
0. 0000 0.000 k4,505
0. 01k 0.001k 41,33
0.0365 0.0036 100,88
0.1223 0.0120 335,06
0.176k4 0.0174 . 491,24
0.2126 0.0209 589,03
0.2728 0.0269 741,36
0.3189 0.031k 853,42

Experiment 30 Weight Acid = 92,150
w 6

KBO.F mKBO§F K x 10

0.0000 0.000 2,021
0.2715 0.0212 586,77
0.2802 0.0219 - 60L.0k
0.2924 0.0228 629,30
0.3091 0.0241 564 49
0.3k423 0.0267 735.81

0.6283 0.0491 1283.43



Table XI

Conductivity =t 25°C : Peroxydisulphuryldiflucride and

Iodine Fluorcsulphates
Peroxydisulphuryldifluoride
Experiment 31

Weight Acid = 111.500

Composition of Concentrated Solution:

3F = 19,9457

Weight 8206F2 = 1,9102

Weight HEO

Weighzdg:dSolution m5206F2 K x 10
0,000 0.0000 1,378
2.210h 0.0086 1.529
4.2620 0.0163 1.6k45
6.4985 0.02kL 1.772
8.6062 0.0318 1.953

10,4686 0.038% 2,216
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Table XI (Continued)

1:3 12/82°6Fé
Experiment 32
Weight Acid = 125,560

Composition of Concentrated
Solution:

Weight HSO.F = 19,0531

3
Weight 5,0.F, = 1.9437
Weight I, = 0.8308

Weight of Solution my

Added o Kx10
0,000 0.0000 1.L40k
1.5L4Ls 0.0018 1.7k
3.4771 0.0041  2.120
4,9249 0.0057 2.3k2
6.4209 0.0073 2,617
8,267k 0.0093 2.878

10.907T 0.0121 3,189
16.2653 0.017h  3.765
20,91Lk5 0.0218 4,213

1:1 12182061?2
Experiment 33
Welght Acid = 110,480

Composition of Concentrated
Solution: , ~

Weight HSO.F = 22.9855

3
weight S,0.F, = 1.7169

Weight I, = 2,2013

WeightAggegolution m12‘ K x 10h
0.000 0.0000 1.438
1.1102 0.0032 7.266
1.9356 0.0056  11.76
3.3953 0,0097  19.06
L,5065 0.0127  24.10
5,9150 - 0.0165 30,03
8.2880 - 0.0227 39.15

10.8826 0.0293  48.19
13,3611  0.035F  55.99
16,0612 63,62

0,017
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Table XI (Continued)

2:1 12/8206F2
Experiment L6
Weight Acid = 46.270

Composition of Concentrated
Solution:

Weight LSO F = 20,0859

3

Weight S = 3,1257

2%
Welght I, = £.0199

WeightAggezolution mI2 K x loh
0. 0000 0.000 17.3k
1.0295 0.0222 65,36
2.1352 0.0453 112,51
3.0842 0.06LT 1hko,01
L, 1265 0.0853 185.53
L, 8621 0.0995 2093k
5.8101 0.1175 237.62
T.1164 0.1415 273.81
8.2876 0.162L 303.02

3:1 I,/8,0.F,
Experiment 3k
Weight Acid = 113.680

Composition of Concentrated
Solution:

3F = 22,3049

Weight 8,0¢F, = 1.4273

Weight HBO

Weight 12 = 5,4895

Weight of Solution m

Added I, Kx10
0. 0000 0.0000 1.262
1.3192 0.0085 15.27
3.0502 0.0195 33.01
L, 6024 0.029) L47.82
5,0780 0.0320 52.37
6.73k42 0.0k19 6T7.76
7.9326 0.c490 78.50
8.9289 0.0548 87.24

9.9489 0.0607 95.94



Table XII

Cryoscopy: Iodine Fluorosulphates
1:7 12/82061"2

Experiment 35

Weight Acid = 138,350

Composition of Concentrated
Selution:

Weight HSO3F = 1k, 340
Weight 5,0.F, = 2.145
Weight I, = 0.3936

Weight of Solution m

Added I,  Ar(°c)
3.180 0.0021 0.051
6.810 0.00kk 0,106

10.760 0.0067 0.166
14,360 0.0088 0.218

1:1 12/82061’2
Experiment 37
Weight Acid = 124,000

To ® -88.997°C

Composition of Concentrated
Solution:
F = 23.725

Welght HSO3
Weight 52°6F2 w 2,147
Welght 12 = 2,7L483

Weight of Solution my AT(°C)

Added 2
2.9573 0.0088 0.0L43
4, ko8lk 0.0131 0.061
6.5348 0.0191 0.089
8.9631 0.0258 0.125
11.6230 0.0323 0.155
14,1652 0.0395 0,186

99

1:3 I,/8,0.F,
Experiment 36

Weight Acid = 125,505
TO = =89,000°C

Composition of Concentrated
Solution:

Velght H803F = 20,860
Weight S,0.F, = 2.745
Welght I, = 1.1706

Welght of Golution m

Added I, Ar(°c)
5,845 0.0083 0.063
9.185 0.0128 0,097

12.015 0.0176 0.135
17.7b0 0.0234 0,182
21.755 0.0282 0,213

3:1 I2/8206F2

Experiment 38 ,
Weight Acid = 122,945
To = "89000300

Compesition of Cencentrated
Solution:

Veight HSOBF = 1k,380

o = ge)

Velght 0206F2 0.768
Weight I, = 2.945

Weight of Solution

4dded mIz aT(°C)
1.259% 0.0065 0,026
3.4177 0.0175 0.080
6.2901 0.0316 0,1k5
8.3548 0.0432  0.197
10.5295 0.0516 0,2h2
12,3911 0.0598 0.281



Table XII (Continued)

5:1 12/8206F2

Experiment 39

Welght Acid = 126,565
2 - [+

To 88.998°C

Composition of Concentrated
Solution:

Weight HSO.F = 13,135

3
Weight S2O6F2 = 0.531

Weight 12 = 3,266

WeightAggegolution mla AT(°C)
1.27hL 0.0076 0.028

3.1847 0.0189 0.060

%4,8848 0.0285 0,08k

6.9776 0.0kok 0.139

8.73k2 0,0505 0.167
11.0103 0.0624 0.206

100
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Table XIII

Conductivity at -78.52°C: Iodine Fluorosulphates

1:3 I,/8,0.F, 1:1 1,/8,04F,

Experiment 40 Experiment 41

Weight Acid = 82,330 Weight Acid = 91,970

Composition of Concentrated Composition of Concentrated

Solution: Solution:

Weight HSOBF = 19,9718 Weight HSO,F = 19.8725

Welght 8,0.F, = 0.TUS7 Weight 8,0.F, = 0.9336

Weight I, = 0.3160 Weight I, = 1,1863

WeightAggegolution mIz K x lo6 WeightAggegolution m12 Kk x 106
0.0000 0.0000 2,656 0,0000 0.0000 2.172
3.37L48 0.0023  5.099 1.5269 0.0035 52,33
L.811k 0.0033 6.035 3,2670 0.0073 103.26
5.9411 0.0040 6,652 5.4596 0.0120  159.T1
7.5677 0.0050 7.110 . 6.9084 0.0149  193.69
9.39k42 0.0061 7.6T2 8.253h4 0.0175 223.59

11,3061 0.0072 8.496 10.1326 0.0213 260,27
14,2633 0.0088 8,841 12.1002 0.0250 = 296.62
3:1 12/8206F2 Composition of Concentraﬁed
Solution: ‘
Experiment L2
Weight Acid = 75.365 | Weight HSO.F = 21,0131

Weight S,0.F, = 0.7772
Weight I, = 2,9699

WeightAggegolution m12 K x 106
0.0000 0.0000 2,96
2,0681 0.0127 236.57
3.1962 0.0193  355.46
L.3699 0.0261  L7L,15
5.6136 0.0331 596.37
6.7654 0.039k 706.27

7.9393 0.0k56 811,43



Conductivity at 25°C: Potassium Fluorosulphate Additions to

Fxperiment 43

Table XIV

1:3 12 / 82°6F2 Solutions

Weight Acid = 101.820

nm
I

0.0000
0.0067
0.0067
0.0067
0.0067
0.0067
0.,0067
0.0067

Experiment 47

v
KSOSF

0.0000
0.0000
0.0035
0.01k2
0.0177
0,0209
0,0305
0.0k79

Weight Acid = 49,011

m.
I2

0.0000
0.0587
0.0587
0.0587
0.0587
0.0587
0.0587
0.0587

V.
KSOBF

0.0000
0.0000
0.0323
0.0LLO
0.06k40
0.08k0
0.1321
0.1473

m,
KSO3F

0.0000
0.0000
0.0002
0.0009
0.0011
0.0013
0.0020
0.0031

mKSO3F

0.0000
0.0000
0. 0047
0.0065
0.009k
0.0123
0.0194
0.0217

Kx 10

1.127
2.156
2, L6l
3.529
3.943
4,342
5.578
7.870

Kx 10

2.065

2.961
12,384
16.12
22,75
29.67
45,50
51.08

102



Table XV
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Cryoscopy: Water Additions to a 1:3 12/8206F Solution

Experiment Lk

Weight Acid = 125. 505

To = ~89,000°C

m12 Fi,0
0.0282 0.0000
0.0282 ©. 06k
0.0282 0.0941
0.0282 0.1407
0.0282 0.1866

Conductivity at -78,52°C: Water Additions

Experimeant L5
Weight Acid = 82.770

m12 8,0
0.000 0.0000
0.010 0.0000
0.010  0.0199
0.010 0.0412
0.010 0.0630
0.010 0.0838
0.010 0.1032

320

tanitavur—
0.0000
0.0179
10,0364
0.0543
0.0720

Table XVI

mneo
0.0000
0.0000
0.0113
0.0235
0,0359
0.04T7
0.0588

AT(°C)

0.213
0.199
0.190
0,248
0.335

to a 1:3 12/8206F2 Solution

Kx 10

3.921
9.091
43.06
81,01
238.29
L85, Lh
705.55
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Table XVII

Interpolated v and x at 25°C for 1:1 12/8206F2 Sclutions

:;I_% -_y_ xﬁ x 106
0.01 0.759 508
0.02 0.692 634
0.03 0.646 62
0.0k 0.613 622
0.05 0.592 593

* magnetic susceptibility per 127 am. iodine,

Table XVIII

Equilibrium Constants at 25°C for 1:1 12/8206F2 Solutions

T Mo RN

0,01 U7 x 1073 3.5 x 10~
0.03 9.3 x 10°3 17,9 x 10~
0.05 12.4 x 1073 36.9 x 10°°

Table XIX

Interpolated y at =78.52°C for 1:1 12/8206F2 Solutions

_n
0.005 0.52
0.010 0.48
0.015 0.46
0.020 0.4l
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Table XX

Interpolated y and x, at 25°C for 2:1 12/8206F2 Solutions

Lo wx
0.02 0.92 —
0.0k 0.91 ——
0.06 0.90 636
0.08 0.90 598
0,10 0.89 569
0.12 0.88 553
0.14 - 0,87 546
0.16 0.87 543
0.18 0.86 541

Table XXI

Equilibrium Constants at 25°C for 2:1 12/8206F2 Solutions

I s Ky-e7
0.02 0.92 2.72
0.06 0.90 1.76
0.10 0.89 1,43
0.1k 0.87 1.8

0.18 0.86 1.3k
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APPENDIX

List of Symbols

equilibrium constant in molal units
Bohr Magneton

weicht magnetic susceptibility, cgs units

weight susceptibility of NiCl_, solution, cgs units

2
cryoscopic constant

molality of the solute
molality of the solute X
number of moles of particles produced in solution by one
mole of solute

initial .freezing point of fluorosulphuric acid (°C)
magnetic susceptibility per mole of iodine species
magnetic susceptibility per mole of iodine species X
volume magnetic auséeptibility, ogs units

the field external to the sample

effective magnetic moment (BM)

shift caused by chenge of medium (ppm)

spin-lattice relaxation time

NMR signal width at half height (cps)

weight of sample in Gouy tube

iodine molarity

=12k
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[(X] = molality of the solute X

Y - number of moles of fluorosulphate ions formed per mole of solute
+

‘IZ*(GhO) - molal extinction coefficient of 12 at 640 myp

- molal extinction coefficient of 13* at 305 my

+
‘1,7 (305)
1 - path length for spectra
3 - specific conductance (ohm-lcm'l)
Ak - specific conductance corrected for solvent conductivity (ohm™tem™T)

0.D. = optical density
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