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ABSTRACT

+1 2 Sb
2

F
11

' a dark blue crystalline solid, was prepared by

reaction of 1
2

with SbF
S

using dried liquf% S02 as solvent. The

compound melts at 122°C and i~ moisture-sensitive. The presence of

the 1
2
+ cation was established by laser Raman spectroscopy and by X-ray

crystallography. The structure determination showed that the I + cation
2

o

/

/
I

has an I - I bond length of 2.557(4) A.

The triatomic cations 1
3
+, IBr

2
+ and 1C1

2
+ were produced in

acidic solutions and their Raman spectra were obtained using specially

...... +
designed spinning Raman cells. lUrZ and ICl

2
were also prepared as

+ - +-the solid compounds IBrZ S03F and 1Cl2 SbC16 and their Raman spectra

were recorded. A simple valence force field treatment was app.lied to
(

the Raman data'for these three symmetric Ix
2
+.cations: Force constants

were calculated and the bond angles of the bent structures were

estimated,

+The triatomic interhalogen cation 1
2
Cl was prepared by direct

+ -reaction of ICI and SbCl
S

to yield solid 12Cl SbC1
6

By a similar

+halogen transfer process 1
2
Br SbClSBr was'prepared from IBr and SbCl

S
'

The Raman spectra of both of these dark-colored, low-melting solids were

obtained using spinning cell techniques. Observation of Raman bands

which could be assigned to a bending mode and to I - I and 1 - X

stretching modes established that these two iodine-containing cations

have an unsymmetric angular structure.

Th ' f 1 i 'I n+ i" d .e eX1stence 0 a new po yatom c cat10n conta n1ng 10 1ne
n

in a +1 oxidation state is proposed, This species has a strong Raman

iii



band at. 195 "'1
em

n+
The Raman evidence indieat~ that I exists

n

.)
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1. Iodine Cations

(a) Introduction.~~

CHAPTER I

Introduction

..

•
The halogens nrc among the most plectronegative of the clements

r

and they occur most frequent ly a~ f] uor ide, eh loride, bromide or iodide

ions in the -1 oxidation state. Tlw heavier atoms in the group a~so

display an increasingly electrppositive character and may exist in any

one of several positive oxidation states such as in the hypohalite (+1),

halite (+3) I halatc (+5) and perhalate (+7) series of compounds.

"
Furthennore, there is evidence eSlablishing the existence of a ser~es

of positive ions containing only halogen atoms with no other clement

piesent in the ion. Specifically, there are halogen cations. which

contain atoms of only one of the halogens I and intcrhalogen cat ions.

which contain .at It.'ost two halogens. ..
Of the common halogens. iodine is the most electropositive and..

thus is e'!:Cpl'cted to show the str~ngest tendency to form positive ions.

There wss early speculdtion (1) that the so-called 'positive halogen'

I

involved in the iodination of organic compounds was the iodine cation

+ +I or a complex of I with molecular iodine. In IQ38. while studying

the iodination of chlorobenzl'ne, Masson (2) suggested thut the brown

solutions fonned by iodine. and iodosyl sulfate in concentrated sulfuric

+ + + •
~cid contained I ,1

3
and IS. Subsequent investigations have

(1) shown that r+ docs not exist in solution as a monatomic

<:ation,

1



(2)
+ +

confirmed the existence of th; 1 3 and IS cations,

and (3) led to the discovery of an extensive series of halogen

and interhalogen cations.

2

(b)
+ ,The 1

2
cat~on

CQnsideraple interest was also aroused by observations that

They

iodine forms blue solutions in certain solvent systems. SYJIlons and

co-workers (3) obtained blue colored solutions py dissolving iodine or

" iodine monochloride in 65% ?.leum. In a review '(3) published in 1962

which summarized their investigations they proposed that these solutions

contained the 1+ iodine cation. Aynsley et al. (4) also attributed the

blue color of IF
S

solutions containing i~dine and a trace of water to

the 1+ cation. Gillespie and Milne (5) subsequently estaplished that

+ +the blue iodine species is the diatomic 1
2

cation an~ not 1. In their

conductimetric, spec~ophotometric, and magnetic susceptibility experi­

ments, solutions of iodine in fluorosulfuric acid were oxidized with

peroxodisulftv;-yl difluoride. It was found that the concentration of the

blue cation reached a maximum at the 2: 1 mole 'ratio 0'£ llalogen to

oxidizing agent as in the equation

+ -2 12 + 2 S03F

and not at the 1:1 mole ratio .as would be expected for the formation of

1+ according to iha equation

r; + S20~F2 + 2 r+ + 2 S03F .

+observed that 12, is a paramagnetic species with a magnetic moment

of 2.0 ±O.l BN, in agreement with the theoretic..al value. The peaks of

its visible a?sorption spectrum occur at 6401 490, and 410 nm.

"'- . \



3

Solutions of iodine in oleum w~rc reinvestigated by Gillespie

and Malhotra (6) who confirmed that the ,blue cation fiormed in this sol-

, +
vent and also in disulfuric acid is 1

2
, Kemmitt et a1. (7) studied

the blue sol~tions formed by iodine with SbFS' TaFS' ~F5' AsFS and PFS

in iodine pentafluoride and by iodine in SbFS' They interpreted their

results on the basis that the 1
2
+ cation is present in ~hese solutions.

They also isolated some solids which were believed to contain iodine

cations. One of these solids was similar to the blue solid prepared

more than sixty years earlier in 1906 by Ruff et al. (8) from the

reaction of iodine and SbFS ' It was thought to be (SbFS)21 but it was

probably a mixture of SbF
3

pnd a fluoroantimonate salt of 1
2
+,

+Vibrational data for 1
2

were reported by Gillespie and Morton

(9) in 1969. They studied very dilute solutions of 1
2
+ in fluoro­

sulfuric acid by laser R~man spectroscopy using 632.8 nm excitation

and observed the resonane~ Raman spectrum of

fundamental vibrationa.l stretching. frequency

+1
2

, It consists of a

-1 .
at 238 em and a series

of overtones. Gillespie, Milne, and Morton (10) observed that the blue

solutions of 1
2
+ in fluorosulfuric al;id change to a red-brown color

when cooled to temperatures near -89°C, the freezing point of the

solvent. With evidence from spectroscopic, cryoscopic, conductimctric

and magnetic susceptibility measurements, they suggested that the 1
2
+

i d·· f h I 2+ . Icat on ~mer~ze~ to ' orm t e 4 catl.on at ow temperatures:

blue

+
+ I 2+

4

red



4

+The corresponding bromine cation, Br2 ' was pr~duced by Gillespie

and Morton (11, 12) who oxidized bromine with SZ06FZ in th~ superacid •

HS0
3

F - SbF
S

- 3 S03' The cherrY red solutions have a maximum abso~tion

at 510 nm and the resonance Raman spectrum observed using 514.5 nm

-1
excitation showed a fundamental stretching frequency at 360 cm . The

red paramagnetic salt, Br2+Sb3Fl6~' was prepared from bromine, bromine

pentafluoride and antimony pentafluoride by Edwards, Jones, and Sills

(13) who determined its structure by X-ray crystallography.

The G1
Z

+ cation would be expected to be m6re unstable than Brz+

+
or 1

Z
' There is no firm evidence for its existence in solution or in

+a solid but C1
Z

has been observed in the gas phase at very low

pressures and a value of 645.3 cm-
1

for the vibrational frequency was

>
obtained from the electronic absorption spe~trum (14).

(c) + +.
The 1

3
and IS cat10ns

+
Masson'~ (Z) ea~ly speculations concerning the existence of 1

3
+and IS in sulfuric'acid solutions of iodine and iodosyl sulfate seemed

to be a possible explanation for the behavior of similar brown s01u-

tions (1) formed by iodine. with other oxidizing agents such as iodate,

periodate and permanganate in strong acids. More recently, Atotsky.

Mishra and Symons (15) obtained conductilnetric evidence that 1
3
+ is

produced from iodine and iodic acid in 100% sulfuric acid and they

suggested, on the basis of changes in the UV and vi~ible spectra, that

+ -+
1

5
may be formed when iodine is added to 1

3
solutions. Garrett,

Gillespie and Senior (16) later confirmed by conductimetric and cryo­

scopic studies that the 1
3
+ cation is p~oduced in sulfuric acid s01u-



,
I

tions having the mole ratio 12!HI0
3

= 7.0 according to the equation

7 1 2 + HI0
3

+ 8 H2S04 + 5 1
3
+ + 3 H

3
0+ + 8 HS0

4
.

Their observation that the addition of more iodine caused no change
~

in the conductivity or the freezing point of the solutions is consist­

+ent with the theory that 1
5

is formed by the reaction

5"

+ I +
5

!

+ +The 1
3

and IS cations have also been characterized in fluoro-

sulfuric acid solutions. Gillespie and Milne (5) used 12!SZ06F2 mole

+ +ratios of 3.0 and 5.0 to produce 1
3

and IS in HS0
3

F solutions.

Attempts by Morton (~7) to observe the Raman spectra of the cations
t

were unsuccessful due to the absorption of the exciting radiation by

the brown solutions. Dilution of the samples resulted in the obser­

+vation, not of an 1
3

spectrum, but of .the intense resonance Raman

+.spect!um of traces of 12 1n the solution.

T~e investigations by Garrett, Gillespie and Senior (16) of

iodine cations in the sulfuric acid solvent system also included the

study of brown solutions having the mole ratio 1
2

/HI0
3

= 2.0 w~lich

corresponds to a +1 oxidation ~tate-for iodine. The 1+ cation with

only six valence electrons had been considered to be unstable and,

in fact, no evidence was found for its existence. They interpreted

their results, as had Masson (2) before them, in terms pf a dispro­

portionation of 1+ into 1
3
+ and 10+.

In 1965 Aubke and Cadl (18) r.eported the preparation of two
- /

black solids which they made by reaction of 12 and S206Fl in the ab-

sence of solvent. With equimolar amounts of the reactants a black ..














































































































































































































