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The synthesis and characterization by x-ray powder
\

photography and Raman and infrared spectroscopy of M2Te0Fh,
K’I‘e(OH)T‘LL and MzTeoeF2 compounds is described The M2T°0Fu com-"
‘pounds are shown: to—be isomorphous with MaSbF coppounds. The unit
cells of M2TeOFu compounds are shown to be nearly the same as those
of the corresponding MESbFS compounds indicating the anion volumes
are, vcrv similar. The vibrstionsl spectra of the. MgTeozF2 compounds
show’ evidence of. snion g?idging. The Raman end infrsred spectra

" are shown to be consistent with.Cu TeOFuzf and Te(OH)Fh ions,

and =a 02 TeOZFae' ion with the oxygens in equatorisl pPo itions.

The Rsman spectra of TeFS " and Te(OH)Fu 1ons in aqueous hydrofluoric

aclid are reported and sssigned, and the hydrolysis constant Kh
' L hI C
for the equilibrium - o "ﬁ”j - - .
. . . ‘\-.‘;, . e
. e % / o
. e . it . g i _ 'Li \ _n.' ‘
‘f. TeFS‘ U+ H20 == ' Te(OH)Fu Y3+, . HF

.‘ . A } .._ ’ ‘ ‘: " ' ‘ #‘ : o - ‘\-,.‘ . . >’
’ . {u n T L “"‘. .
has been evsluated from Raman peak intensities There .is no evidence

| . X

2= - ‘ ‘
_for TeOFu ‘or T902F2<) in.solution. - - _ x
_?ﬁ'*\ - The 1nfrered and Raman’ spectre of CsIOaF2.1/3H20 /

CsIogFg.HIOEF2.2H20 and Co(NH3 6(102F2)3.H 0 have been obtained

And interpreted. The compounds arp. shown ‘to be hydrates and\to

a,f

\
contain the 102P2 ion with some depsrture from the axpected: 02
S

‘symmetry, The Raman spectrum of the IO F 'on in aqueous hydro—

2 2
fluoric acid is reported-and assigned, and t w hydrqusis constant
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. 'Kh;_fér_the'equilibrium: l’; TN o . o - .

T0,F," 4 H, 0 == 1057 0+ ewp

-

. ' NN
. has been evaluated from Raman peak intensities The synthesis
of’ MIOFu salts is described The MIOFu produets contain sdnie ~

'MIFEFE as impurityg The Raman and infrared spectre ‘of CsIOFu

are reported ‘and assigned Selutions, of HIO3 in hydrofluorlc
. R SN

acid show.the presence of'IO3 and IQEEE——ae—well as-their parent & .
acids,‘aﬁd IF5 IoéF- and HIOa.E have been chgjgoterized by Raman v
and NMR,sﬁectroscopy in solution. The .Raman spectrum of H102F2
is found to be consistent with a species having C symmetry. The

'Raman and NMR spectra of IF‘5 in. acetonitrile show the'existehce

of an adduct IFS CHBCN Dissolution of IFS/H 0 in’ acetonitrlle
gives the IOFu ion as wéll as its parent acid HIOFu .. Part of
the Raman spectrum of ?IOFu is agsigned,

The yibrational spectra of Us SbFS'and Co(NH )6Sb2F;j

:are reported and assigned Solutions  of SbFB'ln hydrofluoric acid
5. ‘

t

show the absence g; bbFs up to 48% HF. The Raman speetrum'of
a solution of SbF3 in water shows the presence of the SbFu ion, .

¢

The vibrational spectra of KSeOzF .are reexamined and
]

.
. found to be. con51stent with polymeric SeOZF . as suggested B

' Dlssolution of Se0, in hydrofluoric acid gives H2Se03and SelF, in

additlon to unidentified oxofluoroselenium(IV) Species, most likely

3302F and HSeOF, o N
B . The stretahing frequencies}inhthe vibrational spectra
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of thé Ch fluoro gnd oxofiuoro'species‘AXFu (X =rF, OH ar 0)

‘are correlated, and the obsbrved trends discussed in relation to i

- tu N
the. stareochemistry of the Species. The C2v sbecies are also
dlscussed I ‘ ' )
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CHAPTER I

Introduttion

- (~<81nce the preparation of‘th first compound of the

‘J;i inert gaéis, YePtFé, by Bertlett1 in 19 2, and the subsequent dis-
covery and charscterization of the fluoriges and oxyfluorides of
xenohe, there has been 8) renewed interest in the enlegous ions
and molecules formed by the heavier elements of groups Vii, vI eno
V In osrtioular iodine, tellurium, selenium and antimony have been
studied quite extensively. The penultimate valence stste is of
speciai importance due to the presence of the formally non-bonding
lone pair of electrons in the valence shell of the species formed.

. The Valence Shell Electron Pair Repulsion (VSEPR) theory of Gillespi93
has had some degree of success in predicting the shape of these
species, although there remeins some degree of uncerteinty regarding

tée~rble of the hS “or the SS ‘lone pair b~ 6. The alternate Molecular -
Drbita% theory of bonding has also failed to provide a complete .

_ﬂ understeﬁEan of the bonding7. | \

. . , . T ’ : \

,ﬂ‘ This introductory'giapter reviews thelluoro and‘oxoflucr0p

°J~~. *

species st xenon, iodine, tellurium, seleniiin and antimony in their

penultimate valence stetes. The discussion follows an order besed
on isoelectronic species. ‘Thus all the hexefluoro species AX6E sre'

, dealt’ with tpgether, and then the penterluoro .species AxsE and so
{

- on through AOXhE AOXBE A02X2E and A02XE ( A = Xe,I,Te,Se or Sb.

0 = oxygen. X = helogen, usually F, E = lone valence electron pair)
¢

.--\. ) ’ © . l @



Fluoro‘Species ‘-/

_ \- _
Xenon hexafluoride is prepared by the direct com-

bination of the elements whereby the synthesis follows 8 stepwise

pattern through XeF2 and XeFu 8. Xe ¢ 18 one of the most thoroughly -

investigated small molecules of recent years, and the natnre of its.

gas phaee sgmmetry seems to have ‘been solvedg.'V1brational spectra

in the gas phase show 3- distinct Xe-F etretching v1brat10ns10 11, an: __

.observation inconsistent with 0 symmetry. VSEPR theory predicts
EV’;?gv or Csf symmetry for XeF6 32 In the so0lid phase this

compound has oeen shown tq be polymeric12, and so0. elucidation of

the molecular parameters depends upén electron dirfractlon measure-

. ments on the gae phase 13, tu. These show the molecule to have approxi-

mately 03' symmetry having a mean Xe-F bond distance of 1,890 R,

but a radial distribution function for these bonds shows this value

Lansl

to be a co*posite of non-equivalent bonds. However, of the

*

structures predicted by VSEPR theory are eliminated on the bqu Jl
of the observed small dipole moment, of < 0. 03 b1?. Goodman16 d

Claasen et al9 accoun for the obserVed vibrational apectra of

: XeF6 at various temper ures by an equilibrium mixture of 3 electron-

L4

‘ic isomers. The explan .ion prOposed by Bartell and Gavin17 involves
A pseudo Jahn-Teller distortion,
Salts of the isoelectronic hexafluoroiodate(V) ion

M IF6, are well" known, and their structure has been examined by

18.217 | 22

: vibrational - and Moss auer spectroscopy . The most recent

E
investigation on the- cesi and rubidium salts has ehown their

: structure to be consistc t with a distorted octahe ral IF6 having_

45
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a symmetry no greater than' 02 23. Christezngas also isolated a

‘new adduct having the formula IF5.3CsF K1l et 3121’2h h&ve

‘observed the vibrational and 19F‘ NMR spectra of EtuNIF6 in CH3CN

Salte of the isoelectronic telluriwm(1V) ion. TeF62"

haVe not been'investigated in any detail. The literature containe

'3 reponxs of the anion: the pyri um salt cldimeﬁ by !ynsley and”

Hetherington®®, the thiouronium s
2

<
'

solution by Aynsiey and’ Campbell 3 and the (NO) TeF6 salt prepered
by ?eel and Massat 7. However, Edwards and Mouty28 report that the

co-ordination of tellurium(IV) cannot be 1ncredsed over the pente-

fluoro species. Downs and Adam329 also report failure to prepare \\\
‘K

salts of the TeF6 " ion or to observe it in . solutien. The- ofher

hexehalotellurate(IV) 1ons are well known, the ioms being charac-

terized/quh in solid salte and in solntienh 30~ 3k. There is some
/.

question 83 £o the shape of the Te01627 ion: some authors report

it to/ be oc:t:s.hecfrail.l‘t 31’32, while .others observe vibrational spectra .

consistenh with some diqyortion3?. The TeBr6 - and Te162 ions have -
been investigated-by ‘quadropole resohance33 and crystal structure
detenminatione6 Bh which estahlish the anions to have regular
octahedral §tructures. Again, however, Downs and AdamsBO are not
in agreemen% with these conclusions, ,

The’ antimqny(III) ion SbF63"eiudes eharaooerizetion.
. There appears to be’no report of this ion in the litarature: Downs
and Adame29 failing to, observe it under what they consider to be

\\\

the most adVantageous conditiens. The ready synthesis of the-other

hexahalo speclies is well documentedBo 32. Thus the hexahaloantimonate

t which was prepared from aqueous -

&
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1ons show a greater reeembfahoe to tollurium than to xenon or ioﬂine
"in that the. hekafluoroantimonate(III ion has npt been observed, and

the other hexacoordinate halo species all have regular ootahedral u//

-

structures,lthe 582-lone pair remaining. stereochemically inaotir635’36.

The trisoxalatoantimonate(III) ion is of partlculer
“f\note due to itsa shape ‘the use of bidentate llgands has frozen out
& pentagonal bipyramidal structure with one vacant ait937 38 « Thus

! in this 7 electron pair system the stereochemioal role ‘of. the
formally non-bonding lone pair is apparent The cryatal strqcture ,
of. antimony trifluoride has reveaied a distorted octahedral arrange-/

P

ment . of’the fluﬁ‘ines around the antimonyBg. or course, 3 of these
Sb~F bond dietances are significantlx longer than normal single Sb-F.
bonds by a value or 0. ?xﬁ . Other bridged or polymeric antimony
species do not have thls dlstorted octahedral coordlnatlon An
‘x-ray cryetal structure determinat on on the bridged species .
Oo (NH,) 631:21«‘9, prepared as part of this thesis;j'o, has shown the
anion to consiet of two square pyramids eharing a oornerh1. 121Sb
. Méssbauer seectrum has heen reported ror thia compound, Ballard
\ethaluﬁ anding the measured isbmer shift indicates involvement 7
of the lone pair 1nathe bonding. The existence of the polymeric

3
spe01es KSb2F7 has recently been conf1rmedu3’hu, and it has been

shown by R;Fn and Haatinﬁh‘to hav square pyramidal and trigonal

pyramidal compbnents arranged in an infinite chain." ' .
: Selenium(IV) has a formally non-bonding lone pair, -/

T;z, and Seel and Massat27 report isolation of the nitrosonium salt

the hexarluoroselenate(Iv) ion, (NoizseFG, ueing ‘selenium tetra-

- .
5\

. . . B
v .



'chloride as -starting materral : : R ,//,/*///i
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SéClu 4_ _eroano*'je, (NQMOCI + . 6502-’ >

//

In the reaction of NOEF with u, however, Aynsley et alLLS succeeded

only in pﬁ%paring the/pentarluoro species (Nod)SBFE. Some hexaco-

“ordinate ions of the other halogene have been isolated in selts,

for exemple (NHh) SeBr6 ué. A crystal structure determination on .

K28e016 has also shown the anion to be 8 regular octahedronu. Hendra

and JbvichY have/ﬁrepared Jjnany salts of the 850;62' anion, and

they have observed it in solutions of Se02-in concentrated HCl ' w§
) Thus very little inrormation about ‘the role of the

lone velence electron pair in fluoro anions orf the heavier main

group elements can.be.gleaned from the hexafluoro species due to

the lack' of any structural 1nformapion on TeF62- and SeF62', and

‘ . the lack of r orts of the SbF63 anion, As a result considerable

. attention has been focused on the pentafluoro speeies; AxgE. ..
e

Pentafluoro species are known for all five elements,
Xe(VIJ, I(V), Te(IV), Se(IV) and Sb(III VSEPR theory predicts a
square pyramidal structuré§for EXSE'speciesa. This predicted structire
is distorted from a reguiar square pyremid in two Jays: firstly the

angle between the apical F, and the basal fluorines F, is clbsed

-/}’b\Xe /,b ) _. xe-Fa.<' Xe-F,
/__// N : étFaXer'}< 90°

S
o



ffdown to less than 90 . This is[due to the greater repulsive
effect of the lone pair on the basal bond pairs compared ‘to
the bond pair whith is trans to ib Secondly, again as a result
of the\E};ater 1lone pair'- bond pair repu131on, the - central atom
basal fluorine bonds are 1onger and weaker than the apical bond
’which is trans to the 1one pair. The structure of XeFS iﬁ a

s numﬁer of s,v.ali:s}“"9 51, as well as in XeF6 1tself5 253 has been 'fm\ )
investigated and found to be square pyramidal with the distortion

as predicted. The bond angle and distances are given %n Table I.

i

.  TABLE I o,

"Molecular Parameters for AFCE Species d

'

| xeF; 8 ¢ ¥ ° TeFy™ ¢ sorfT @
'R,R (apical): B 1.76 '1.8A : 1.89 . 1.916
f,ﬁ (5asa1) u5.82 _ 1.87r A %.95 fiJ 2,075
B (degrees) 8o - 8.9 78,8 794t ‘
- : . . ///”*_—“\ﬂ\
a ref h?,ﬁb ref 55, csnéf 28;'d.ref'69 e : /4/‘ -
| | 7

5 .
he existence of, the neutral molecule Lgs has been

known for a 1 ng, timesu, and its structure has been investigated -

by eleetron dlffractionsg,‘vibrational spectroscopy56 -59 and 19F nmréo
[

n -'| * .
| /( - ‘
h N - "
7 -' ' .

~
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A1l of these indicate = square.pjramidal'structure.-This config-

uration has also been observed for the IF entity in the adduct . '

- IF‘S XeF2 61. The electron diffraction study of Robiette et al55

. shows IF5 is 1sostructura1 ‘with keF‘5 , and their molecular paramet- :

- -

‘ers are given in Table ‘I, ' o -j D &

Moving one position to the left in the periodic
\\ chart, ‘the_ isocelectronic ion TeFS has been the - subject of an

extensive investigation. Salts of this ion have been prepared

in 1iquid SeF, 63,

B
Fad

The original mefhod of preparation from aQueous HF 62 has also
~been shown to yield purse saltséh. A hydrate Ba(TeFS)a.HEO is

.reported as having been isolated from aqueous solution65. The vib-

’ rational spectradof TeF5 have been investigated in solution in
acetonitrile and in nitromethanegg, and in salts, ﬁ?ﬁth as the

66

powder and a single crystalsa. A single crystal x-ray determinatiom

28 has established the anion to be square

by Edwards and Mouty
’ pyramidal, the lone pair again occupying ‘the position trans to .
the apical rluorine{\The molecular panameters reported by these
authors are given in Table I. ' | ) _ ;

| Salts containing the'isoelectronic antimonate(iII)

ion SbF52' were first prepared in 187167, and 1ster by Bystrom

68

" and Wilhelmi®"~, The original crystal structure,of these authors on

(NHu)ESbFS was verified by Ryan and Cromer69.30noe again, as ror.Ter',

1



the anlon is squsre pyramidal, the F(apical) Sb bond distance
being shorter than 'the hasal bond distances and the (F SbF )
angle is closed down.rrom 90 .'The observed molecular parameters
are. giVen in Table I, Vibrationa] spec roseopy has been used to,
observe the ion in solution in aeetonitrile 9; Birchall and Della
Vale7 have observed the '21Sb Mossbauer spectrum of the ion
in the potassium salt’ finding a lower S electron density at‘the
nd;leus than in the corresponding chloro salt, Théese authors
account for this in terms of the SS electron pair involvement
in the bonding of the pentafluoroantlmonate(III)

The reaction of liquid SGFH ‘with an alkali metal

&6 Qlas recentl:r \ N
observed the v1brational spectra: qf CsSeFS, finding the results

fluoride givss-ealts of the SeFS_ ion71. Christe

consastent w1th the anion having Ch symmetry. An x-ray powdeér
photograph on the potassium salt indicates 1t to be 1sostructural

with KTeFS 2 . - ‘ ' ';

- ] \ . v . - -|
Oxofluoro é;;eies o o Ty : . ’

The most highly coordlnated'oxyfluoride of xenon{VI)

is XeOF, , ang- this mplecule has been shown t3 exist as a discrete
73

species . VSEPR theory predicts a square pyramldal structurefor XeOFu
with 0 axial. The square pyramid will be dlstorted with the {0XeF)

angle belng 1ess than 90 due tb the greater repulsive effect n

o f

of the lone pair on- the basal bond: pairs. However, the anomalous =
structure of XeOFh is’ well established the (OXeF) angle being in

fect 91 8° 7h. The complete molecular parameters are given in

¢
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‘Table II. . ' ‘ R -
. L g . .
- ' ‘ ' 'TABLE. II
Molecular Parameters for: AOF&E Species
2 .
XeOF, 23 . 1oR, - P
| ot o
‘R,R (apical) .. . 1.?05 r t A Y £~ _u)
73R (basal) ~ 1.900 1,965
. . . o LN ,
13, (degrees) 91.8 ' L - 88.5 , A
) R ) . ' Cow - ,".-‘ . - ) . \ , ~
a.ref 74, B ref 75 T .

The infrared and Raman spectra of the compound JFe:ﬁon&istent
with Ch symmetry73 . | o |
S Thé isoelectronic 1on IOFh was first postulated
by Klamm and Moinert 2l when hydrolysis or IF6 in acetonitrile
revealed the presence of a Raman’ band at 890-900 cm” 1, the IO

' characteristic gtretching frequency. Ryan and Asprey75 recently

1soiated.the cesium salt from a solution of CsF and IF5 in aceto-

nitrile and an unidentifie&qd oxygen.source. The crystal structure

-

determination by these authors.has faund the moleoular parameters

recorded in Table IX. The (OIF) angle is cloged down to 88°, and
this trend of the angle olosing down as we move to the 1eft in
the periodic chart h///not been observed ror the isoelectronic

‘ 'pentafluoro quE:pa;:Seg Table I.

. ' e

o °
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A The 1iterature contains ‘no reports of the isoeleetronic
_ion TGOQ*z s anﬁ apart from the early work or Pridemux and Millott76
‘oxyfluoridee of tellurium(IV} have received little attention72

.l

Ehere is no - report of the prepar&tion or observation

w

Z of oxofluoro anions of antimony(IIIJ, although the existence of ~

-

0xof1uoro anions-of antimony(v and tellurlum(VI) in the higher

: oridatlon states is w?}l documcnted77 80 }

J .

The preparation of 'XeOF‘3 by Bartlett ot 318 in salts
’with SbF6 and Sb2F11 and their investigation by Reman spectroscopy

has shown the structure of J{eOF3 to be con31stent Hith a distort-

ed trigonal pyramidal conriguration. two rluorines being axial and

the- third §har1ng the equatorial plane with the oxygen atid the Lone

Ql<pair. This is the structure VSEPR theory would predict for suéh’

"y

\ a species3 'J'M ' B - _
| 4 “ ; " In their preparation of the isoelectronic IOFB,Aynsley -%
et afﬁg.felt that this species must contain ioniec 102 and ‘the well
kﬁown IF'6 However, -a cryetal structure determinatio&'by Viers“

83f” Bl .
and Baird 7/ and more recently b§~Edwards R shows IOF3 to.have.the

-3
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hj1' o . N - B o ;fiéfﬁ_

'expected trigonal pyramidal configuration with two of the fluorines*'u.
-in the axial positfons..These crystal structure determinations show.
many intermolecular IO and IF contacts considerabfy 1ess than the
sum of the van derﬁwaals radii ‘Q.}‘ o v'“.r“v :"~ S

2 )
"L ‘ * .. The selénium. analogue SeDF3 ‘s has been characterized o
by Paetdold and Aurich 5 angd these authors report the structure of .a -
distorted trigonal bipyramid to be consistant with the vibrational -
spsctra, Again, two Of the fluorines are axial while the remaining
three pos1tions are occupied by the oxygen, the lone pair ang the
third fluorine. A erystal structure determination has been done on
. the analogous chloro anion. °SeOCl3 ~, as the 8-hydroxyquinolium ol
salt by Cordessé, this author finding the, anion to be polymeric, .
essentlally consisting of a distorted square pyramidal conriguratiOn
| about the selenium. ‘Bach selenium is nurrounded by one oxygen and -
five chloring atoms. The Se<0 bond distance is similar to that ob-
served for other compounds. However, the Se- Cl distances vary quite
con31derably, two of them being 2. 23 and 2 273, similar tqfthat o
observed for 8 number of other selenium-chlorine compoundsQ? two _
are. 2.96 and 2, 993. and the fifth chlorine atom is ghga’ distance of
-3 33\\only Just shorter than the sum of thidnon-bonding rad&i 3;863
‘ The existonce of pentacoordination about the seieﬂium ‘
in this case indigated the possibility of isolating a salt of the
Seoclhaf anion, Cordes. aﬂn Bi Cheng Wang88 prepared thé dipyridinium
salt of this ion again finding: the coordination abont the selenium ;
a little unusual Selenium-chlorine distances vary from 2.24 to -

2,9908, The four Se- Cl bonds in sach SeOClu f unit can be grouped

o .
Be 1
£ ¢ L" . e .
Y

4 o
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N | ‘ s
cinto three catagories:. bonds'dﬁ 3,08 whioh can be characterized
nas some type of ion~ dipole associationag, those of 2, 2&3 normal
single bonds, and.bonds of intermediatb distance, 2. SR Thus the
1mmed1ate envirgpment about the selenlum could be classified &f

' a trlgonal pyramidal SeOCl3 unit, the axial chlorines at 2,58 and the

equatorlcl c1 at 2. EMR the oxygcn and the lone pair occupying

the equatoria pPlane, ) . . r s

There is ‘no report of the analogous SeOF&e';ion in’
- the literature, and the proparatlon of KSeOF3 by Paetzold and (ﬁ
‘ ¥

120

Auric always favoured this lower coordlnated species due to the

/ v
»~ large-excess of SeOF2’ which was_ugod as solvent, . ' ‘ §§

Alkali metal salts of SeOCI3 were first repopted by wise? - and are
reported to contain discrete anions by Paetapldfand Aurich 5, in\

sharp contrast to the obServed conrdination in_the 8—hydroxy-
86 ' e

qu1n011§1um salt )
. Reaction of XeOFh_ with x903 yields the xenon(VI) dioxide

oo dirjuofide first prepared by Hopstongg.

et ‘ ‘ gy

- it : .

p \‘ v : ) -
KGSFLL i/{, KGOB = 2}(6?21‘12 ‘. i

. .- . B \
The examlnation of this compound by Houston and other593 by

=

v1brat10na1 spectrcscopy has- shown its strubturc to be con31stent

”with a dlscrete molecular species havzng 02 symmetry. Thus the mol-

Y
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A

. ecule has a pseudo trigonal bipyramidal structure where the 2 F atoms

\

are axial and the(bgyg ns and the lone: pair share

e equatorlal

plane, This ‘is the structure VSEPR theory predlcts for a
speciesB. There is aome - question as to the monomeric n%ture o
: )Ce\OeF".2 :'Ln the solld e o | -
The isoelectronic 102F2 ioh;has been %sdlatqd fron
‘aqueous solution as.the potassium salt, any H:ymholtz-and Rodge sgu
e

have reported its crystal structure, Their defermination shows .

analogous to that proposed er XeQ, F

2 2°

fy

g;_

The "two. fluorine atoms are axial while the OXygen atoms and the )
lone valence electron palir occupy the three equatorial p051t10n:\\
The (FIFJ angle is 180o and the (OIO ) angle approximately 100 } In
addition these.authgrﬁ report_two_IO...I nearest neighﬁour diétahdes”‘
of 2.82 ard“2.853, considerably'shorter than th sum of the van

der Waals radii, 3.58. The recent v1brationa1 eétra of Cartert '
and Aubke?> support the earlier report of the sp 1tting of -the (IO )

'Astretches in the 1nfrared spectrumgé. The appeargnce of mor? bands



" have elso reported the 1solation of the parent acid, H

by,
 geometry is found to b

. . \\

[<)

0

™
e

_ | . . =
than are allowed for 02 symmetry could, of course, be explained

&
by some polymerizetion over. oxygen bridges., ' -

2"

Although the‘isoelectronib selenium ion'SeO2 P

~ is reported by Mitra ‘and Kundu97 as the hydrated .zinc salt

ZnSeO2 2.6H 0, no structural information is recorded. These gmthors

ESGOEFE'

_Frideaux and. Millottga report an oxyfluoride with a melting point

‘ iof -18 C having the composition Seoa.SHF A more recent studyg9 on

" this SeOP-HF system reports the compositlop of this campound to

be SeOz.h.SﬁgFa.

: . + n
The lower oxofNugro cation XeO2F has been characterized

F rmr and vibratilonal spec rosebpy100, and a trigonal pyremidal

19

consxstent with the results,

-~

-Todyl fluoride is obtained by the dlifroportibﬂetion of

IoF3 at 110 c 82 101103, S o

-

“fThe ready hydrolysis of this compound-fo iodic and hydrofluoric

Y

acids is'noﬁe . Carter and Aubke95 find evidence for the exist—

N ence*of IO non-bridged groups in iodyl fluoride by examlnetion *;;

of the vibrational spectra. The number of bandskthey observe however,<

1eaves some doubt as to +the monomeric nature of the éompound Teo2

is isoelectroniﬁ/to IO2 and it has been shown to be pdlymeric 37.

The adduct of IOZF wlth Astﬁpae been suggested to contain 10.

. . &

2

A
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)

’T)end‘AsFé' entities'rather than the aiternate I0,F, 'ASEH+ form-
ulationgﬁ. The infrared spectra of 8several authors does not support .

- the oxistence of 102 -in this compound95 9?. Carter and Aubke95

prefer a complex eﬁther a bridging oxygen as has been observed for

NbF'5 SeOF2 qu, or a- AsF6 anion dhy a polymeric I-0-1 bridged

counter cation. ' : R ) .j_'

.I The analogous selenium ion has been prepared by
lPaetzold and Aurich106, who have isclated the potassium salt from

8 melt at 300 c.

Se0, + KF . =, KSeOF .

N

From their observe& vibratlonal spectra, and in partlcular the
frequency of the Se—F stretching vibrations, these authors conclude
the Se02F apecies is polymeric, This #s in sharp contrast with

the fluworosulfinite ion which hag been found tO‘be:monomeric107.
3 @ . ) oo X . , - .

. 0xo0 Species ’

-~

Conductivity and Raman experiments Suggest‘XeOB'existe.in solutions

7

in'concentretions up_tg;H1M110. In basic‘solution, however, .
HXeO, h is reportea to be the predominant spec1es111. The Raman
" spectrum of Xe03 is found to be consistent with a molecule having‘
C 37 symmetry, the-shape predicted by VSEPR theoryB.i

| The vibrational spectra of iodate salts have been

inVBStiSated wide1y112 11&. Ccnductivity112 114 and Raman112 115

.
] ‘ . | ‘ A

- . v Y ’ . . 4

Xth and'XeF6 are hydrolyzed by water toggife 1305,108,109.
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¢xperiments have been used to investigate the nature of aqueous

b

L

solutions of iodic acid. At high concentrations, ué to. 6M, complex

' species are reported to exist in solution116. The crystal. structure

of iodic acid reveals a large degree of intermolecular association117

1o 137

foxide''®, Both acid ana -

-

Tellurium dioxide is pol . Tellurous acid

H2Te03 is readily dehydrated to the

formal.salts are known, and their

brational spectra have ‘been
119 g

‘investigated

Selenium dloxide is also polymerio}%?, and whlle

selenous acid is very soluble in water, Baman studiss indicate

the presence of H?Seo3 aﬁBTFSEﬁ“‘ onl;lgj. Acia and normal salts

are well known and ggeir -vibrational spectra have been. investigated122

Y | Antimony tr10xide s polymeric, tHe lattice consistfng gg

of 0. units'23, Dissolution of the trioxide!in elther scide or-
11

bases yields antimonous salts
’ ‘%%%ﬂ”*%*%%%%%%%:-

B S This present study was undertaken to 1nvesé;;ate ‘(\
the nature of the aqueous flnoride chemistry ©T iodine(V), tell-

urium(IV), selenlum(IV) and antimony(III) e | systematic study
l
'Krof the fluoro and oxofluoro anions of theSe elements should -

add to our.understanding of the sters chemical role of .the lone s

valence electron pair in these speclés.-

As a gemneral rule inorgdnic fluorine chemists exclude
water, as far as possible, from systems under etudy and products

showing hydrolysis are av01ded It jwas felt, however, that’ the -

e,

dine(V) and antimony
L L . o

aqueous‘fluorlne-chemistry of tell rium{IV), igq
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(III) and selenlum(IV} would prove frultful since the possiblllty
of many oxof luoro’ SpBCleS ehould provlde a variatlon 1n the
coordination of the central atom. This dlvers1¥y of coordlnatlon
.ehould lead to a better understanding . of the stereochemical role

of the lone valence. electron pair.

o

Furthurmore, between the tredltional 1nterest 1n
oxo anion behav1our in aqueous solutions and, more recently,

‘interest in fluoro anion. equlllbrla in 1007 HF, equilibria in
Y
aqueous hydrofluorlc acid have been little studied. Thus, the

hydroly31s equllbrla of both fluoro and, oxofluoro anions in

aqueous solutlon are included in this study.

o~ -
;

The order in whlch the elements s%udled are dealt | _%a

with in the follow1ng chapters 1e\based npon éhe completeness .
of the work. Thus, thlurlum is dealt with first since the fluorlne
and OAyfluorlne chemistry of thle element 13 most understood..
-Todine 1is dealt with next, and then antlmony and selenium. The
latter two elements are considered together 31ncL the work on

them is of a somewhat preliminary nature.

r



CHAPTER II o - ' /

Experimental

1.Materials'and Apperatus

e

' :
Metal Fluorides

' rubidiun
fluoride, 99% (K&K); and potassium fluorido, 98% (B.D.H.) were.

—

Cesium fluoride, 99% (Ozark-Hahoning)

~used aftop. drying for 12 hrs under vacuum, Barium fluoride, 99%
(Fishep) and silver fluoride, 99% (Ozark -Mahoning) were used sim- -

ilarily. Antimony trifluoride, 99% (Ozark-Mahoning) was used after

vacuum sublimdtion.
.

Tetraalkylammonium Fluorides \\

>

These’were prepared by 1iterature methods“e}+ 125. Tetre
methylammonium fluoride was prepared by dehydration or the tri—
hydrate 2u(Eahtman Chemicale) by heating at: 130 € under vacuum, _
Tetraethylammonium fluoride pentahydrate was formed on neutralization

of 10% tetraethylammonium hydroxide (Eaetman)' by 10% hydrofluoric
B

M

acid1 h. Attempted preparation of anhydrous tetraethyﬂammonium
fluoride by. the method_szmﬁegeﬁi et al1 5, used by Downs and
Adamsag, yielded only the monohydrate. The producte ‘were verified by

fluoride analysie. Analxsie. Calcd‘?or EtuNF.ﬁzo. F, 10,27. Found:

10,2,

‘\, .

re y

Y

Heavy Metal Oxides and Oxoacids

Antimony\trioxide (J T Baker, analysed) was used directly.

. -
- v
ur

1, ’ i . . 4 ! *

-
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Appgifé.@j.for the Preparation of Todine Pentafluoride

18

-

Figure 1

~
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Tellurium dioxide, 99% (Fisher) and seleniun dioxide, 99.9%, (Alfa
Inorganics) were .used after drying for 12 hrs under vacuum. For - - -
some of the Reman experimenta, selenium dioxide ‘was” obtained by
dehydration of rreshly prepared selenous aclid in a vacuum desicecator-
Iodi¢ acid, 99% (B D, H) was used directly. |

-

Sulfur Dioxide

Matheson high purity grade was used directly, -

\"ﬂs “ L

Iodine Pentafluoride

.

Todi pentafluoride; 98% (Matheson) was eurified by ’ %g
_trap-to-trap dfstillation from NaF, to remove traces of HF, and R
from Hg, to remove traces of lodine, pnder vacuum in the all- glessA 7

apparatus shown in Flgure 1 The product . thus obtained was stored
in & glass break- seal container, A, at.O C until reguired. Over a
period of several weeks there WES no apparant decompoeition or

" attack on the glaks.

Hydrofluoric Aecid

a

u:é/HF (J.T, Baker) was used directly afirr standard-

lzation with NaDH using phenolphthalein as indicator,

100% HF (Matheeon; anhydrous) was -used after a single
vacuum distiilatidn. For'the wanipulation of HF a monel vacuum line-
equipped with Ksl-F traps. (Argonne National Laboratory) and sealed

diaphram monel Hoke valves was ueedJ The: preesure in the line was

measured by a monel Bourdon-type gauge O- 1500 mm - +5mm, (Helicord).

-

e
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Figure 2 . )
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© Schematic Diaﬁ)\am of' the Mdn,el Vacuum Line |
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A schematic diagram of the vacuum line 1is shown in Figure 2, The g

Kel- F traps -are attached to the line by means of a r;are-type

’ fitting, insert A. The Kela-r«‘ trap at D Which could be closed b]r
a Hoke valve and could be reméved from the 1ine via s 3/h bresu
Swagslock ritting, ’ served as a reaction vessel For the Hamdn SR

’ experiments, the sapphire cell B, "was connected to the outlet c '

. :}' [
using .an eil Teflon ne@dle valve equippedswith 1/&" Teflon Swage-t

/;sck ports (Nupro), The Kel F 1nserts for the nmr studies were also

attacmbg at the same outletbv- means of a 3/16" brass Swagelock.

-’

' Sslenlum Oxychloride-y

[N
o

Selenium oxychloride (J.T.Baker, enalysed) was usedg
. ; “i g
after &~single vacuum distillation. - I

e, o -_-l/.l‘ /’

Potassium Ghloride' o ey P

T
99, 8% potsssium chloride (B D. H., Anslar) was used

-'after drylng’for 12 hrs under vacuum..

Acetonitrile / o e

-a

Acetoﬁitrile (Eastman, anhydrous) wes dried by refluxing
'over P205 followed by distillstion.

,Dimethyis'ulfo;(l/'.\de -," 4 Kﬁ Lo | ’

P '
.,. £

DMSO (Fisher) was dried cver mbleculer sieves for

&
12 hrs and tLen distilled at reduced pressure.
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P glridine S f‘ - .‘-: : ’ . : .
' | Pyridine (Fisher) was' used directly; | L
2;Infrared and Raman Spectra- |
’Infrared Specrta - - j"f . S o N

Infrared spectra .were taken as mulls in Nujol or

Fluorolube, uding CsBr plates,'on 8 Beckmann 1R EOk\spectrometer.

-

The spectra were calibrated by reference ofathe Nujol peaks to.

standard polystyrene peaks, All reported frequencies are +3 cm -1

Rl

Raman Spectra

Ll Raman . spectra were recorded on a Jarell-Ash series : ﬂ‘l

-300 spectrometer. For some of the solid spectra a Spex Industries

donble monochromator was used. A SpectraJPhysics argon.ion laser

wes used in both cases, and detection WE S by & cooled photomulti*

—-

plier tube. A spike filter was used to remove plasma .lines from.

.the solid spectra, Solid samplestfere contained inﬁl/ﬁn 0.d. pyrex
tubes, and for solutions, a cylindrical sapphire cell 10 cm long x

5 mmi.d, (Tyco, Sapphikon Division) was used. For solutions up “ f
to hB% HF this was closed with a plastic cap, and for solutions. ?; ,
above this concentration an all Teflon needle valve equipped with ;
/4" Tef1on Swagelock ports 'was used, S1it widths were generaliy |
5 em™! fcr solid sanpies and 10 cm_1'for solutions. Integrated
peak intensities were measared with a planimeter and were accurate

to within 3%, A1l integrated peak 1ntensities were reﬂerenced to - “ o

et

V, or €10,” (925 om” ) 100 . ig A }*?L”
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‘ _,thpeaowder Photography : ﬁ._' ‘ v <
. ~ g The x- ray powder photographs were teken in hindemenn

tubes, 0. 5 and 0.3 mm, using Cu K irradiation. Debye scherrer cameras

of 1.5 end 5 75 cm were ueed Film shrinkage and other errors were ,
A\/‘L—'——J. ~

.allowed ror by referencing the sample reflexes to those of KF,

) -
\“hll intensities were estimated visually and were reférenced to the

strongest line being equel t6 100. An 1nsufficient ‘number of ' h 0 O, "
O k O, and 0 0 1 reflexes were observed to carr;-out Nelson-Riley*
plats. . . | S -
Il
. : F
K ' 19 . ' ' t -
" h. T 7F Nuelear Magnetic Resomance =~
h 1 - ) .

’ v Q ) ‘ o
- : Spectra were taken on & Varian Associates HA- 100-spect- §§
RE ‘ R

rometer. The temperature wasgregulated by a Varian Temperature
Controller end was eccurate to tS C. Semples were contained in Kel-F
.'tubes whigh could be inserted into glass NMR tubes, Shifts were
.referenced to CFClé as eh external -standard. Solute transfers were
mede in the dry-box, and the Kel F. tubes were attached to the line
“as described in Section 1. The tubes were heat-seeled under. vacuum.

2

" 5.Chemical Analysis

. Fluoride ' o : r
) . o : . k " N [y ) v ."P . +
) , C Anelysis for,rluoride wa$ done. by titration with La3 b
) v A

using a F-ﬂsensitive electrode. Interfe ences due to complexing |
; l

{
of the fluoride by Sb(III), Te(IV) or Se(I ) were avoided by remova} -

of the heevy metal from solution, This wa eccomplished by’ precip-

_‘_itation with HZS After removal of the recipated heavy ‘metal the
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solution - was neutralized with dilute NH&OH and reduced in volume‘ .
. on a hot plate. . ' S , a ‘.. _ Lt

The tetraalkylammonium fluorides were enalyeed directly.

It was found that fluoride analysis by titration with
La§+ was.not possible in the presence, of iodate(V), The titration
of'2 1 KF HIO3 mixtures a3 well as tpe rluoreiodates gave reasonabl&
sharp end points, but the results were 20% too high, Distillation
from dilute H SOlL solution failed to separate ‘the iodine which
distinled over with the fluoride. Thus \r-'eir:tlz=md's1-26 original method
was adopted and the total number of acid equivalents determined by
titration with standard-NaOH‘using~phenolthalein as indicator.

L . %%

Tellurium and Selenium | 31e - = - i

A

Al

Theee were determ1ned volumetndcally using KMnOu'aﬁd
v

back titrating with ferrous ion127

Iodine _ '
This was analysed as iodate(V) by reduction with KI

and titration of the 1iberated iodine with Na,S,0, 127,

Ammonia - . n . . 5 "

The ammania in the hetammlnecobaltsalts was analysed
1
by traatment of the aalt with an excess of a ‘strong base and dis~

tillation of the liberated ammonia inte a known excese of . standard

|
acid The excess acid\was then determingd volumetrically127.

z

P
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Cobalt .

| This was analysed spectr hotometricaly using standa}d
,/qolutions of Co(NH3)6CI3 for calibrapt®n. Solutions of Co(NH3)6013
in dilute HC1l were shown to obey the Beer Lambert law over the

concentration range 20-120 mg/100 mls at 2 <= 570 mm.

™

6.Preparation of the Compounds |

(i) Antimony(IIIl Compounds B ' S 2

M.SbF, : Attem ted preparation of salts of the hexafluoroantlmonate(III)
3SbF mpted proparg

CN

ion from solutions eccording to the hypothetical equation in CH3

“

3P+ seRy s MjSbF, (M = Cs, Rb, K, E#&NF acd.MeuNF) Q§

'

yieldea only M‘SbFS andhﬁ%:as shown By ﬁhe infrared spectra ( 540 em™ 1) -

and x-ray. powder photographs. A similar reaction employing SO2 as
solvent yielded the MSOZF salts indicating SO2 to be 'a better

fluoride acceptor than SBF3 _ , _ : . ;7

A melt of CsF and,Cs SbFS, though providing solution\
at 300 C, proved unsuccessful.

Preparations attempted from aqueous HF aleo gave only

the familiar pentafluoroantimonate salts, .

CO(NH3f63b2F9SHexamminecobalt nonafluofoentimonate(III) was pre-

pared from a 0,2M. solution of 9O(NH3)6F3 and a solution of-ﬁ‘-,laptl3
in ha% HF, The Co(NH3)6F solution was prep&red by dissolving 0,01

moles of Co(NH3)6013 in water and adding g saturated solution of
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of AgF,- 0.03 mole . The precipated AgCl wes filtered off and the
resulting solution was concentrated to ‘50 mla,on the vacuum lire.
0. 01 mole- of Sby05. was dissolved in a- minimum ammount of 48% HF
.and the resulting solution was filtered to remove any suspended
particles. Addition to ‘the Co(NHB)éF3 solution yielded a good crop
a dark orange crystals on cooling in dry ice. The crystals were

. collected at the pump, washed with a few mls of ice-cold ethanol

and dried under vacuum, Anal sis, Caled for Co(NHB)ésb F. s NH'

29 i3
17.73. Found 17 89. Sb, uz 32 Foundg h2.15. 7, 29.71. Found!

ul spF_: These salts were prepared by standerd methods 70 and\ g§
2”5 | . 3

analysed for fluoride. . i : d ‘
o

(ii) Tellurium(IV) Compounde

) -
MeTeF6. Two -of the literature methods claimlng salts Of/the hbx%—

fluorotellurate anion were attempted The proceedur or the pre-
paration of the pyrldiuium salt25 yield?F only the ntafluoro-
telluﬁate,'PyHTng;- nalysis, Caled for FyHTer: F{ 3, 39,_found |
31.9. Similarly, the literature‘method for the dithiouronium salt26 )
ylelded_only the ramiliar,pentafluorotellurate. The product was
verified by its.infrared,spectrum.$3ee1’eud Maseat27 feport tﬁe.!\
prepagutien of (NO)ZTer, but.theirprocedure was not attempted

o Preparaﬁions were attempted from aqueous'EF using
tetraalkylammonium salts ‘but t?ese too yielded the pentarluorot

durates. Seemingly, the HF itself is ﬂbetter fluoride acceptor



M

N

formingvHFé'; and resulting in the failure to inc ease the coor-

dination of the tellurium, - f;i Lo
A 1:Y molar mixture of MF and M‘l‘eF5 M =-Cs and MehN)

was shaken for several days in'an acetonitrile so ution but aleo

|
failed to produce the’ hexafluorotellurate speciee\

| 7 L | x N |
I |
TeF.: The nentafluorotellurate(IV) ealts ware re ared b stan- a
5 * P P ¥y | N

dard meth dsﬁu‘and analysed for rluoride. - {"

1

e(OH)F! by g TeO (0 ole0 mole) angd- h 0 g KHCO3 (0 OhO mole)

‘were weighed into = ?fflon dieh and 6.2 ml~ of 28,0M HF added ( 0.016

mole)‘ 20 mls of water were\added and the mixture was- heated to

give solutlon. After filtering to remove any suspended particles, -
i

s
P

the solution was allowed to cool The - large crystals which sep-~ -

erated were collected by suction filtration end recnyetellized

~

"“‘."h

once - rrem water, The product was dried in a. vacuum—ue31ccator over |

|
/

CaCl,. Analysis, C&lcd for KTe(OH)Eh: F, 29,26 Foundrﬁ 73&;~Te,_lliw

o

49.13, Found 49. 1& "
A second recrystallization proved impoeeible since

dissolution in water was accompanied by some drolysis, However, .

dissolution in dilute HC1 eolution (Te'Cl 1 1) yielded back

KTe(OH)Fu on erystallization, indicating the stability of the

Te(OH)Fu ion in dilute acid solution.. . l "?*
The compound was also prepared by forced hydrolysis
in acetonitrile: o S L
- A \ - AN ,

Y "-'.' . - .
- = .
. . ]
' - ¢ . . .
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1l

-KTe(OH)Fu + th.

0 K 2

Equimolar amounts of the reactants. KTeFS, H20 and KF were refluxed

i for 2-hrs in a glass apparatus. An infrared spectrum of the-dried

| .
filtored product showed the Te OH stretching frequency (698 cm, 1)
"and the characteristic. pands of KHF, at 1200 and 1475 cm™

i

-

CsTe(OH)Fu and NaTe(OH)Fu: Attempte to prepare the cesium salt by

the analogous method yielded s« mixture of the pentafluorotellurete '
and the hydrolysed product which could not be separated by recryetal-
1ization. It was glso not possible to prepare the sodium salt by

the above method since even highly concentrated solutions failed

to crystallize. B ' ’ S
N

Cs TeOFu and K2Te0Fh Cs TeOFh Las prepared by mixing TeOe, CsTeF

and CsF in the proportions 1¢1:3 in a platinum beat.

2
- A typical reaetion had 0.277 g Te02(0,00173 mole), 9‘617 g CsTeF5~
(0.00174 mole) and 0.791 g CsF (0.00523 mole). All materials were
handled in tHe_drf’bOX. The'boet'wes then transferred to a quartz
tube and'neeted slowly in a etream of dry nitéoéen_to 500°¢c, at
which temperature a clear colourless melt was formed.'Furthupyheating
to 900°¢ had no“efrect upon the products. A white crystalline prdduot

TeOF, * -F, 15,65.

was obteined on cooling. Anallsis. Caled for 032 W

Found : F, 15 7.

"TBQE + .CS?eFS ‘ +, BCSF = 2Cs TeOFu . '
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An x- ray powder photograph of the product showed no CsF, CsTeF5

or TeO2 lines.

_Kg‘l‘eDF‘LL was prepared in an analogous manner with a

melt forming at 550°C, ' ‘ 7

Te0, + . aTeFEg +  3KF = 2K,TeOF, | e

Ihe produét was;again stable to higher temperatures;-Again an x-ray

powder photograph revealed the absence: of the starting materials.
R}

An attempted preparation of CezTeOFu byrefthlng the

reactants in DMSO for 2l hr ‘showed no evidence of change in the

53

starting materials. BN 2 - y 7

ng‘I‘eOEF2 and Rb2Te02F2 szTe02F2 wasa prepared by mixing 'lfeO2 | §§
and CsF in th; Patio 1:2.

Te02 ~ +  2CsF = CseTeoze' -

N

The reactants- were“handled'in-the-dryubox and-placed in . a platinum ,‘
boat. The boat" was slowly heated in a. stream of dry nitrogen, to

800°C at which temperature g clear cOJOurless melt was formed. Furthur
heating to 900°C had no. effect upon the reaction.‘A typical reaction

had 1,60 g TeO, (0. 01 mole) and 3.0l g CsF {0.02 mole). A whlte .
-crystalline prodtct was obtained on cooling._An x-ray powder photo— /

graph revealed é%e absence of the starting materials CsF and Te02, as /‘

/
L -f )

well as CeTeF; and Cs TeOFu O ? o ' - ;

2
: . The rubidiumvbalt was prepared in an exactly ana}pﬁoue
. ~

. ; ~
W, ' ) B il
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manner,

Te0, =+  2ROF =  RbTeO,F,

Attempted preparation of the ‘barium salt acc6rding to

{
the reaction

TeO2 . f _ vBaFe = . BaTeOéEa
failed due to the absence of solution even on heating to 900°C, At
this temperature the characteristlc red colour of = melt of pure

Te0, was" observed unlike the M TeO Fo melts. This retention of TeO

2 2

-in high temperature melts containing fluoride 1s iy sharp contr;et Q“l
to the sublimation of Seoglat 300°% under.similar coneitiens (see | s%%]
later,p 38), 1In addition'attempted_preparation of-BaTeOZFz.from -
agueous eolution failed, @ _ - ) ‘

Finally attempted preparation of MgTeO2 F, (M= Cs, Rb, K or Bty N N) _/)

from aqueous solution failed, the pentafluorotellurates being formed

instead. ) 5

"MITeOEF:'Attempted preparation of the dioxofluorotellurate(Iv) salts from
/

melts accofding to the reaction

-

- M'Te0,F (M = Cs/ Rb)

e}
v H

yielded only a mixture of TeO, and MITeQzR as indi7pted byﬁthe,rv
/ ‘

. § - ) : ’l‘ - . .
_ | I / ,5§ .
. -',‘ “ ' ) . . " . ) . - '
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infrared spectrum. This is in sharp contrast with the analogous

-

monofluorodioxoselenatea which are readily prepared106

Co(NHB)G(TeFE)B:

This compound was pﬁepared'frem 80,2 M soiution'of

»

Go(NHB)éF3 and aksolution of TeO, in L8% ﬁF. Co(NH’-)6 3 (0,01 moles) '\;
prepared as described above for the Co(NH3)6ub F9 preparation was

added to 0 01 moles of TeO2 which had been dieeolved in: 20 mls of '“

4 8% HF, On cooling, the mixture yielded a good crop of orange

crystals. The crystals: were collected at the pumpi%tieEeEpEiEDLg”,,,,,_d__

few mls of “cold ethanol and dried under vacuum. Analysis. Caled

for Co(NH;) Sb,Fo: Te, 47.19. Found, 46.13."Co, 7.11, Found, 7,02.
NH,, 12.31, Found, 12,20, F, 3u;39, Found, .22,

(111) Iodihe(V] Compounds., : C | -

a- KIOF '+ 4 - | ~
CSIOFL]. and KI'h- )

' Preparattons of these salts were ettempteé,inlthree
different ways, The first of fhese invo}%eﬁ the reaction of the
alkali metal fluoride with the corresponding iodate or’dirluoroiodate,.
and IF‘5 which was also the solvent for the reactien. Secondly, a
series of reactione employing the etoichiometric‘ ount of all the

reactents was tried using CHBCN as solvent, Lastl ,reactione in

which the product was obtained by deliberate hydrolysis of IF5 and

~n

an alkali ‘metal fluoride in CHBCN were tried _ R
Steichiometric amount s of KF and KIOF, were allowed
4‘

ito react in an: excess of I accord g to the hypothetical reaction

equation



JKF O+ KIOF, -+ IFg = 2KIOF)  (IF; as solvent)
0 . & ) .-m .

After shaking for several hours at room temperature, the excess

AN

in an all—glass break-seal container, and a typical reaction had '

IF5 was pumped off on the vacuum line, The reaction was carried out

0.291 g KF (O 005 moles), 1 A8 £ K102F2 (0. OOS moles), and 37.5 S ‘
IF‘S (0.17 moles}., An infrared spectrum of the product, which appeared
to be homogeneous, revéaled the presence of KIF6 (636 em ) and
KIO,F,, (810 cm ) in addition to SOme KIOFh (888 em ). The epectrumu
of this mixture is given in Chapter IV,

—a

. A similar reaction type using-KIFB_end'KF was also - -
tried | | ‘ | i _ L m

2KF  + - KIOy + | 21F 3KIOF, ' (IFg as solvent) '

o ' ‘ | \'
A typical reaction had 0 h? é KF (O 0081 moles), 0-856 g KIO3 -~

( 0,004 moles) and 37.5 g IF5 (0. 17 moles), Once again the excess

IF5 was removed on the vacuum line after the reactants appeared

to give a homogeneous product. AZ infrared spsctrum of ths product

-of this reaction showed the pre oFoe

sbnce of KIF6~and KIO0
S 1
It wap felt.that a’'series of reactions using the

eetoichiometric amount of all re gents in CHBCN as solvent might

prove fruitful, Thus 2. 9h g KF (0. 05 moles), 5,41 g KIO3 (0 025 moles)

F

and 11,25 g IF5 ( 0 05 moles) were shaken together {n CH.CN for

3
24 hrs according to the hypoth tical equation

KI0. oo | 2 OF
10, + 2KF 4 .21F5 - 3KIOF)
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The reaction apparatus was an all-glass break-seal type whfdgﬁgllowed
the product to be filtered The solvent was then pumped of'f on .the
vacuum line ielding 8 scluble ané\an 1nsolub1g product. An infrired
spectrum of both products indicated the presence of the desired

selt KIOFu, in addition to a small amount of- KIOEFE. There was no-

evidence_for any KIF; in the prOduct. Analxsis. Calcd for"KIﬁ?&i 7
F, 29.46. Found 33.23 (28.42). I, 49.19. Found: 49.65. The fluoride

analysis was done by titration WitE La3 using a rluoride sensitive“
<

clectrode, However, in the course of the work on the salts oft’ 102F2

(see leter) 1t was discovered that fluoride analysis obtained in

[

this way were nJEO% too high. However,a correction factor for the

analysis wasg obtained from the ratio of the apparant fluoride

'anslysis on CsIOeF2.1/3H 0 and CsIO F2.H102 2.2H20 determined by

titration with La3 s to the flu:z;Zf—:zylzsis determined from the

total: number of ecid equivalent is correction‘?actor is 0. 85

and the corrected analysis for KIOFu is given in parenthesis. Thus

L
the analysis on the above product finds I too high and F too low.

This result is consdstent with somé KIO F, in the product. Caled

2
for KIOEFE' F, 16,10, I, 55 Oh Twis method of obtaining the fluoride
analysis is, of course, oren to question. If the error is dus to

§
the insolubility of La(103)3 then the corrcctibn chtog}obtained

~ from the 2: 1nfluoride to iodate systems will ﬂend to over-compensate

for this in the u 1 case, However, the‘ corr_eoted'l value would then
be the lower limit of ‘the enalysis and the ﬁrueffiuoride_value -
will lie someehege‘between the ObBBPVed.and corrected values, .

The observed analysis is consiatent with ~10% of the product being

Klozﬁe. Galed for 10% impurity dus to’ KIOEFE.WF, 28,12+ 1,"4j9,7a,

ot
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P ';; Ryan and Asprey75 repoﬁ% isolation of s eralcnrystals

of CsIOFu from 2 solut@on of CsF. and IF5 in CH3CN and "ah unidenti- “}f;'
ried oxygen source . . ' _ v = o "."f&
Hy0 | CHiON e

S IR PO AT

—
|

Thus, a series of experiments involving deliberate hydrolysis of
CSIF6 was bagun slnce the apparent: solubility or CSIOEu indicated ﬂ[i N?;f
the possibi ity of obtaining a product which was not contaminated ) '2
with usIO2F‘2 The appropriate quantit_u@ of the reagents were o | r_)
mixed in the|dry box and then refluxed in dry CHBCN for & hr in

the apparatus shown in Figure 3. A typical reaction had 5 4] g CaF -

5?633 moles), 10 g IFS ( 0&5 moles) and O, 6 g H’O (-0.033 moles),
in 100 mls of dry acotonitrile. Thg pot solution was filtered R

rapidly by forecing it through the medium. porosity frit A, u31ng

. . ' ~

-

an overpressure of dry nitrogen. The solution was allowed to cool . h\f
y i

in the bulb B, where a small quantity - (-ca 50Qnmg) of crystals

was deposited. The cooled solution was then aucked backfinto the

bulb C, and the crystals pumped . dry on the -vacuum 1ine. Anallsis..'

Caled for CsIOFu: F, 21.00 Found, 17 32 (15 EOfQ The oorrected : _'\
w’va;ue for the fluoride analysis is again given’in parenthesi%, und

this low fluoride analysis suggests the presance of 03102 2 in : ;if_
5 2: F, 11 51, S | : “.F -:'._ a ‘
A second,preparation where ittwao attempted.to increase

the product Calcd for CsIO.

L

the yield of the produc% was attempted'bi-repo&ted diSSolution of .

—the materfhl in bulb C, and repoated filtering. Howeyer, this\

always increasod the . amount- of CsIOaF2 ‘in the product, .and gaVe a -

s . U
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The exietence of s0me CsIOaF2 in all of the producte

source other than the water added was present Since Sioaxhas been'
- % .

oxygen ource, The solvent used;wes CHBCN.
h G
: ’ (‘ . 3CN o
+ 2IF + ° 8i0. = 2KIOF + S
n 5 + 510, = 2KI Iy iFk .
- @ . [ .9
. - v * . o
SiFy + 2KF = K S1iP, ..

: protected from the atmosphere by a drylng tube of
erchlorate, and 100 mlsg oﬁﬁgﬁxbggch were added The
ere stirred far 1B_hnsgat_6 _Chﬁ d_the soI&d produgx

the product did not show the presence of KIOF

<
‘magnesium

reactants

spectrum o

the expecte
and KIfﬁ.

K SiFé, but instead revealed the presence of 8102

_..b ‘ ! ) \

. Fi

' ' s / : ‘ L
e /
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03102F2.1/3H 0: - :

A2 molar ratlo of :CsF and HIO3 Wwere d13301Ved in,
hot 15% HF and large cr stals deposited on cooling. This proceedure

-is essentially that of \eihlend and Koppen 26 for the preparation

of Csloze. In this wor this proceedure always yielded the hydrate
CsIOeF2.1/3H29..Anal 819, Calcdffor'celog 2.1/3H20: I, 37.79.
_Found. 37.82, F, 11.32,

ound, 11.Q<;jcalculated'from the number
of acid equivalents) t

stallization from hot (95°¢) 154 HF
also yielded the hydrate Attempts to dehydrate the'eompound-by
heeﬁlng at 90°C under vacuum for 12.hrs caueeq some deoomposition

. C- . CEeh -
to-Cle3, a3 evident from| an infrared spectrum.

- oA
-

CsIOEFa.HIO2 2.2H20:

L : . This compound was prepared from Lho% HE by the method
126

| :."If J.|.5.02. Found, L;J.]..B?. F,

of Weinland and Koppen Ana1131s. Caled for CsIO F,.HI0,F,.2H,0:

- | 2 e 2 2772
1§;h82 Found, 13.50 (Calculated from

the"number of acid eQuival nts). Althougq ﬁhe product was formed
as well developed crystals, Efﬁﬁs:not possible to store.it'for

ektended periods due to the loss of both HF and H2 . o

’j'Hz IR

Co(NﬂBJ6 3 (0.01 moles) was prepared as “previdusly

CO(NH326(IO

descriped. H103 (0.03 moles) was dlSSOlVGd in” 30 mls of Y8% HF
-l and the resultlng solution wals filtered. Addition to the. Co(NH3 6 3
7.soluU1on yielded a good crop f-erenge crystals on co&ling in ice.
‘ {The crystale were filtered wa hed with a few mle of ethanol then .

g,ﬁﬂﬁﬂtﬁer, ‘and dried under vaouunu
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Ana1131s. Calcd for Co(NH3 6(Io )3 20 I, ue 46. Co, 7.66,
Found: I, 50. 06 Co, 7. 88J . i¢

(iv) Selenium(IV) Compounds

KSeOéFa

This was prepared by the method of Paetzoldaend Au;iqh1°6,
using the apparatus shown in‘Figure,u..Seqa and KF were weighed

out in the .dry box and transferred to a plaeinum boat. The mole
retio_of SeOE to KF was 1:1. The boat was thehAheated slowly to

300°C in a stream of dry nitroéen'in the tube fuﬁnace; The outlet

of the tube was protected by a trap containing concentrated Hasoh,
B, A typical reaction had 2 5 g Se0,, (. 012*&0163 and 1 33 g KF

(.023 moles).‘A clear colourless melt was formed at ca 300 C but

heating above this temperature caused decompesitlen of the product.
M",Se0,F, 1 . . . S \ ot
A melt of. 2 1 mole ratio of KI to SeO2 ’ tried

‘according to the hypothetical reaction

-,

L | BKF + Seee_ | KpSe0,F; | o

] ' ' . ' £

i

failed to give solution at 300° C, and continued heating: above this (:
temperefggg,taused some of the’ SeOa'to sublime out of the tube. B
f Diseglution of a 2:1 mole ratio of KF and Se0, in 1L,.84 )
HF yielded cryst:IX of KSeOzF,;es shown by the infrared spectrum.‘

' Similarly, = hot 2:1 mole ratio. solution of CsF and

18602 gave-CsSeOEE-qn cooling; Thef$roduct was Veriried by fluoride .-

-l
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analysis. Ahalxsis. Caled for CsSe0,F: F, 7.23. Found: F, Tz
Attempted’ preparation of 0328602 > from a solution

of CsF and 3902 in DMSO according toxyhé hypothetioal reaction

- DMSO

2CsF f' SeO2 = \CSESeoafelr_

failgd. The redétantgrwere shgken for 12 hts in DMSO until they {_
~appeared to give g homoganeous product This producf‘ﬂas then ‘

filtered and the solvent pumped off on the vacuum llne. The reaction {
had 1.49 g Se0, (.,013L moles) and i.074 g CsF (.O%ﬁ? moles}. An .
X~-1ay powaer photograph on the product roevealed the presence of CsF,
and an 1nfrared spectrum of the* product gave the famlllar speotrum

~
of 8302F . It is unlikely that any Sth ( b p. ca 199/Gfﬁboold
have boiled out of the solution, and 30 the preigfie of CsPF in

-~ B

A Y

the product suggests that the above reaction does\not occur.

i f
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N ) " CHAPTER ITI

- “Fluoro- and Oxofluoro~ Anions of Tellﬁrium(IV)

\.

.~ The fluorcwand oxofluoro anions formed by-télluriuﬁ
itimaﬁp oxidétiqn state are given in Table ITI, along

with the knpwn spécies in the highest oxidation state.

. . 7 f
TABLE ITI
TeF, ’ | , TeF),

- Ter,” ® ﬁﬂ_' - Jer” &P |
Terg?™ ® (Ter 2™y 7023
TeOFS",b TéOFua_ B
Te(om), R_Cr%e Te(oH)F, "

(n =1,6 'T302F22' h j
T903F23'-°
T?PBF"C | S,
FTe0TeF ¢

a ref 131, b ref 132,gc ref 133¢'d ref 13, e ref 135
. e
g ref 58, h this thesis,'] refs’€5,26,£% .

J . ,
All of the known oxoﬁluorotelluﬁate(IV) species have been sygthesizgd

and characterized as part of this fheéis.jThé well known penta- .
. B H : . o
fluorotellurate(IV) ion has been investigated both as a galt and

o i | - _— TN

- R . i’ s
2 ; / o

X
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i
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in aqueous solution in.thie'work; The failure to isolate salts
| or the - hexarluorotellurate(IV) ion,-or indeed to observe it in

' solution, means that the evidence for this dpecies remains eparee.

X-Rey" Powder Photography

f

GéTer-and KTOFS

~ Although the single cﬂyetal k-ray determination on’

KTeFS reported by Edwards and Mouty B,sggves complete information*a

1

on the structure‘oﬁ the_Te_F‘5 iop i%:the‘crystai, the xeray powder:
data for both CsTeF--S.and‘KTe};5 obtainea in this work are given in
Table TV, - o '

; | 'i c . ; ’.-'3!
CszTeOFh and KaTeOFh _ C L o ' ; -‘ﬁa
|/ The determined x-ray dath for.both of these salts ard

given 1n Table V. An examination of the powder photographs shows

the compounds to be isomorphous with the isoelectronic antimony(III)
salts, Ge SbF5 and K SbFS. The pentafluoroantimonate(III) salts

belong to the orthorhombio orystal syetem, and the cell parameters \\\\>~

B

‘ determined in this work (see Chapter V) agree well with those
1reported by Bystrom and Wilh61m168. The_unit cell dimensions fof
" the two oxotetrafluorotellurate(IV) salts, which clearly also bolong
to the orthorhomoic'system;.are recorded helow'along with the values
determined for the antimony salts, .

~ The SbFSB' ion is square pyramidal, the shape predicted B
by VSEPR theorys; and the virtual identity of the powder photographs

along with the conclueions of the assignment of the vibrational

Na



X~Ray Powder PhotOgraph Datg for Ter' Salts

L3

TABLE IV

' CBTGFE Cti-m/gra‘ciiatiéz—‘
. a(R)  Intensity
a :
©'3.999 7,100
3.805 20
3.596 10
3.394 100
_2.50h ko
2.h2L T ko
2.522 20,
1.996 10
- “1.842 10
& 1759 10
- LO.68 20
1.3 10
1.28Y 20
:KTeFE - : '
. d(g\ Intensity
, . >
5.529 50
L.503 8o
° 3.890 80
- 3.577 50
/ 3.519 50 i
" 3.138 20
2.777 20
; 2.538 _y10
i 2.12) “100_ ~
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TABLE IV (Continued)
ARy . Intensity "
1,945 80 |
1471 10
aon O o . .
1.600 . 140 C | —
1.515 , 20 i o
- 1.402 20 i .
1.589 ‘- 10 .M;N\\\\
:""‘-..\\&" A
U o
.\-""%
L )
e . r 76 _ S \\
) ,——-\ d _
Ch
“ Y
(,_Ih ’ . \‘"\_ \
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TABLE v -
K-Ray Powder Phco'l::ograph:gr Data for CS TeOF‘htalz\:d K2Te0Fh_ '
'yfgweopl - Irradiation o
a(®) . Intensity Ex : Caled hicl
| L si N 3in%e. . '
3.53% 20 L0775 Lok79 - 002
3.408 - 100 .. L0512 ", L0508 . 012
e ~ . 0508 131
3.303 w20 L0545 .0538 200
2.629 50 L0860 .0867 132" "
2.2 100 g0 - 0y ,foeo‘\f
2,288 10 135 L L1130 C-Re2
2.030 30 A2 L agel T~ 330 ;
" 2.001 20 1485 1493 . 062~
1.956 20 S assk 552 /260
1.939 30 ' 1581 58 331
1.890 10 1664 S 662 30
1.783 10 .1869 © o .1860 . o072
1,718 - 30" 2013 . - ',2030 e
1,665 10 2y :2153.. S Loo!
1.573, i oho 201 T 2006 <30,
1.539° . ho . .2508 2543 .. 333
© 1.515 20 . Jzmea 2593 7173
| S e 42591 S 370
1 373_ 10 wE 3152 Y3157 1
1.323 20 - .3397. w392 510
1,285 . .20 C.3599 N\ L3617 512
1,232 20 w3912 3871 532
1,131 20 RS I hog7. 532
1.032 .20 6T 696 - 533
1.032 20 T L5577 - .5587 . 375
0:992 20 < 6038 .6035 623
. c L6035 - 17
0.975 20 . 6250 L6260 137 ™
| i ,
. / _

\_\\ .”‘,\ .



= 6,646 R
14.525

= 7.02
aR) -

1 o

. ) = .l‘-6 i ;{ - ‘_..'!.'. . . .‘ " , 'l(‘:/\ ‘-. i .
'TABLE V (Contimmed) . ' ... . |

. W
P . .
. S
' . . -]
+ .. ! N . Y
‘ . - ~ . B
v L ) :
S - \“ i
: . ©
) . o
Y -

- Cw-Kx Irradiation

. : | ; R
- Intensity - . Exptl ; - Caled . " hikl

.Sinee- ) .l f

ey

s in29 .

L

[

10 Loh32 7 L0432 130 - ,
O . .0h98 . v o497 oho -
100 7 _.0876 ., L0570 o012 3
10 L0611 - . . L0610 - 200

10 . - 20872 C. L0869, .- 221 . .

10 . £ .0922 - 0930 . 150 - Y o
Lo oJMo7 ~ 1670 240 -?‘.
140 179 S/ a9 202 H
10 - 250 0 A242 0 2k
200 41673 L6760 170

10 - T .1780 787 . 33M

20 2261 . w2268 - 262

10 L3092 S W3096 . sl

10 7 W36 S .3362 353

o | S L3362 380 |

10 * L3952 T L3963 yro e -
10 | .5120 st 036

A,
;

T
'-‘0 ,
=
>

a
!
, 4
: i /
<{.
¥
' b
- o A
kS - '/ ?..
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OFy, =" g
s8lso De squaré pyramidal with-éhe'oxygenhin‘the apig¢al position3 >%

.spectra, confirm the. VSEPR prediction that TeO!

Slnce Te-0 and Te- F bond dfstances are expected to bé shorter than
“ N

of the{gorrqudnding pentafluoroantimonate(III) salt.
Unit Cell Dimehsions () s

—~

A N :
K SbFy L B3, 13.68 " 6.%8
e y - 2 - ~ . - s T~ .
KoteOF), L 6.2+ 13.83 . . 6.6
LCsgSbF. . 6.66 . W53 7.07"
.(r~§‘ ) CSETGOF& . 71?.65 o 1Q.S%>r- 7.0k - m
o . o - T

/ N standard deviations on these dimensions * 0.05 R o

Lty . . e - - Lk, .
p R g K .t
!

-L

In genéral équare P amidal species have a bbnd angle between ﬁﬁicai
and equatorial 11galds of. less than 90 { see)rables T and II)

' The one exceptlon to this nule is KaOFu where the A(OXeF) i& 91 8% Th
Moving one group toéthe 1eft in the %eriodic chart, the isoelectronic
IOFH ion has an £(OIF) “of 88.5° TSﬂ'This is considerably larger

than the 1sostructura1 TeFS spec;es28, where the (F' ToF) angle

~

v o . ) o 5



R . . . o ! L . .. C? . . X
. o C _ é% o o, e . ;
is 78, 8‘. Thus the larger unit cell of the TeOFh salts can N

perhaps be, rationallzed in terme ‘of the £(0TeF} being greater then
L(F' SbF‘) in the SbF52 ealts. . S ’ R )
KT-e(OH)E! 3 | o M.{" |
. The x- ray powddr data figr thls Salteare given in Table
| Vi, % is not apparent from a comparison of the powder photographs'
for KTeF5 and KTe(OH)Fu'that these two ieoelectronic salﬁs are
ieomorphoue. Furthurmore, it was not possible to 1ndex the reflexee

" for KTe(OH)Fh to the cubic, tetragonal or orthorhombic systems. -
T . t‘t\ . T i -
1 A . f’q 1 : o

CS.Z'I‘eOEF2 and Rb2T602F2 : i : R

! L
L : The x-ray powder data for these two ﬁg 1ts ie glve?

§

in Table VII. It was not possible to index the reflexes to the
cublc, tetregonel»or orthorhomblc ststeme. Attemphs to. prepare
BaTeO2 2 whlch may be 1somorphous with KIOZFQ’ a salt ‘of known~

structuregh, falled The two. eelte ‘are ieomorphous.

N : . . " . )
1 . RN . r .
L ‘ . |

Vibrational Spectra . . = . : J

RTeF.: o : gl .w" ' o LL.
—2 | | | 58, ee

!
The v1brat10na1 spectrum of this selt is well known

! A.'\\ W7
the only point’ of contention being the.resolutlon of DL, the }g\

symmetric (TeFu) stretch, and Le the . aeymMetrlc etretch; This ‘

point W111 be'dealt w1th 1n thlu chapéer in the sectlon on solutioﬂe,‘
i o

and later in Chaptcr VI The infrared'spectrum of KTeFS_is’given

in Figure 6, trace B.

:
LK

|

|

|

\

- _ . o |
: I
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v ‘. S . . . o ) : N B ..:_.‘f}ﬁ
"\Eg " . TABLE VI . . | L

X-Ray Pdwder Photography DE_H_:_'a;‘ for KTe(OH)F,

h_ e

Cu-Kx Irradiation

Intensity

o o

10 “ . ' T
10 7\, . /
U100 - . C
. 100 - -

4o
3.223 . T\ -7 30
3,139, o300
3,027 © |\ --1100
2,489 \ 100

2.0 .20 "

- 2.002 0 o
~1.988 Lo ©
1.960 20T s | "\
1.920 .20 .
1.892 | .20
1,842 .20 T
1.787 . o
1,775 20
1725, . 10 .
1,677 : 10 R
14576 4 Lo ' T
1473 -
1.387 410
S 1.318 | 10
1.301 T
1.289. .10 =iy

o
L
r

o



\éay Powder FPhotography Data fon Cs
_ , S &

08, Te0OF

L.y18.
‘ "3-"‘391‘
3,283
3.135 .
2,778

* TABLE VII

Cu-Kx Irrad %pié;

1.981 .

1.921 .
- 1.815
1.699
1.64)
1.561
1,486

1,478 -

1.1k
" 1.374
1.312
1,298
2267
1.253
1.157
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TABLE VIT (Continued) - - =

Rb,Te0,F, ',J'k I Eg-Ku~1rradidtion

D e Sy

d oo Ingensity'

. 3.255 o100/
C 3.4 _'  30 |
2,967 - 10
2,385 20
.2.235 - 20 =
?1.997 - b0 |
1.869 20
1.843 | 30..
) T.782 B R
1.502 | 10

LT
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1

\ species in/both these salts vFurthurmore, IOEh and XeOFu havé"Both

e

52

ngTeOFu and K TeOFh - K e7=; L g

39

_— #igures 5 and 6, trace C, show representative sp{ctra

of thmse salts, Since the I‘*{IE‘I’eOF‘LL salts are isomorpheus Qi the

MIESbFS salts; which have been shown to contain individual SPF.2~

5
68 69, the 'I‘eOF'LL2 ions must also exist as diecreté ndnrbrldgxng

]

ions

\peén shown to have. square pyramidal structures w1th th%ﬁexygen
opcupying the apical p031tion7u 75. The isoelectronic TeOFLI_2 ion

w%}l undpubtedly have this Cuv strucfure also, and.-the infrared and

o

Raman spectra are consistent with this.

I Ch. symmetry the normal moaes belong to the repre-

sentation = 3, + 2B, + B +" 3E,

2

all are Raman active, while only 6 are infr red active ( 3A o+ :3E Je

The assignment for Cs

TeOFu*and K TeOFu is iyven in Table VTII, and

2 2

is based upon the following'co slderations.jlt may ‘be, seen that

-only 7 fundamentals are obser ed, but since S(B ) in CLLv symmétry

is very ‘Weak and seldom observed, this accou ts for one of the =

absenceS/ ‘It is. assumed that L%(E) is not ob erved due to a coineci- .
'I l

1
|

/

" dence w;th U (E). W stretching}pfdes ( 2A1 + B1 + E ) are

] ’ : / ' S i

end of the 9 fundamentals,
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The Ramafi Speectrum of Cs
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Fi gure 6

The Infrared Spectra of Tellurium(IV) Species

T A KT (OH)F),
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TABLE VIII 3_ | ,
. . ‘ ‘
Reman and Infrared Spectra.of KaTeOFu and§§32TeOFu ‘
. — ; -
KETGOFH. . CSETBOFLL g o .!l&ssignm‘e‘nt‘ _
\. . : , oo Gyt
Ir . Raman- JIr 7 -Raman ' A
it - . - : ¥
1675 vw . ! 2V, (A, ) e
1160 v - . mss | Yy + Uy (E)
; ' : ¥ ’
87 s 850 vs¢# . 840 s . _B37 vs Lﬁ(A1)
. . _ 3 .
77T Wy - 790 vew, | U + Uo(E)
. L '. ‘ St : S 7
770 w Lo
_ | \

N _ y .. 700 vu,sh " - pﬁ +°y7(é)
475 s,sh 47O m - 480 s,sk 4B W V,(a,)
. . - -390m | "_UL;.(B"I).
Oa M ovee e Vw0
275 br - 265 : o | ) yB(A1)‘
. \ K e 190w T Yp(By)
29w b%(B1Y"
) 1360) o Vg(E)

i
1 . -
-, - ;i
. { - . '
' '
i
f -
' &
- »

! o

: ».

1
¢ .
’ <
DS
\‘-_— . .
'
&
f o=
U- -.'
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expected to be morg intense than the\deformetiqns,'and all should .

ie abd%e'BOG/cm'1 judging‘from the spectra of isoelectronic species. .

Of these I stretching bands in the Reman spectrum of Cs TeOFu, the

-1

hlghest frequency band at 837 cm  .must be U (A )e This mode elweys

~is the hlghest frequency band 1n-the\BEntagiEofonspecles, and it
"1188 in the cheracterlst;c Te-0 stretching regio_ The peak “at 390
cm-1 which is Raman ective only, must be Uh(B ). Of the remaining
2 bands, that at h61'cm'1 is assigned to the symmbtric (Tth)

stretch Ué(A1) wPich is expected to be stron in the Raman spectrum,

whereas U (E), the asymfietric (Tth) stretching modoy is expected
3 )
to beustrong'ln-the infrared spectrum., The mutual exclusiofi~of these

2 modes has been obeerved for the 1soe1ectr0nic XeOFu'73. The spectrar'

(.
"of other Cu“_species are given 1n Table IX. In TeOFu U? lies . ta
. : }
at a lower frequency ‘than UL, which is opposite to that observed

for other Gh molecules. Furthur discuesion on this point will be

found in Chapter VI. - /
/“ . y Ih‘\ |
Son A331gnment of the deformations is done malnly by com-

pafison'to these other modes in other ClLv molecules ( see Table IX}.
V;(E) is readily assigned to the lowest.frequency peak &t 129 em™ ',

and the two'remeining bends-are'essigned to U (A )-and b%(B )

. Several . combinetion bands are also observed in the infra-

red spectra cf Cs2Te0Fu end‘K TeOFh. The first overtome of LQ is

2
?ﬁssigned to the weak’ band et 1625 cm -1, Combination bands Uy + v7(E),
Vs + L’(E andl/u,+ UT(E ere observed at 1155, 790 -and 700 em -1

resnectively ’ see*Table VIII' All of these bands 1nvolve the
strongest infrared bapdl}T(E ’ and are also observed for XeOF B

IFB,_Brﬁs end_GlF5 73. The.e531gnment of these combination bands

)
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. {

substantiates the"aesignmeptioﬂ;thefatretching modes of the-TeOFuz'
5 r ’ B . . : .: -~
ion given in Tableg VIII and IX. - | SR
. G / ° o :
The infrared spectrum of KTe(OH)FM is giv// in Flgure

;6 trace A, and the Raman spectrum below 800 em”™] in Figure 7,

jitrac A. The frequencles of the 1nfrared and Ramen bands are given

in Table X along wlth those for KTeFS, and sre assigned according

to the- follpwlng considerations. The similarity of the spectra of.

ﬁhe two salts and the absence of the apical- TelF stretch (611 em 1}~r;
ﬂland its replacement with a strong band at 697 cm 1, suggests that

- _oan
; ;the QH group is in the axial positioﬁ Thus the - (TeOFu)-skeleton.

approximatee to Ch- symmetry.. '- u'%' ' : {

e F-——
_/ ," The close simllarlty of' the spectra of the two ions

isy expected with the exceptlon ofLﬁ(A D) and Vg(E), both of which
involve, the apical ligand In additlon the montflinear Te-OH group
.mlght be expected to cause departures from the Ch. selection '
k.rules for ¥1brationa spectra, The presence of the hydroxo group/“

)
will, of cpurae, i roduce its own characteristic frequencles.
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Figure 7
- ‘

’ . *

.3

o

Raman ‘Spectra. of_KTe(0H)F, and some Solutions of Re0,
S v ot : ' .

R ,.\’ LT \ ) - : . ."_ . ’ . - " a . -" ‘ . "“g

A SSiid-KTe(OHlF&

B 2M TeOy; in 8M HF
- € 2M Te0,-in 10M HF . o (3? S
o  Dn-dM.T%R2 in 28M HF - o ',.-'tj. : :.:;'
S indicates slit width - .

£

0
-
-
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a - - . | b—

skeletal modes was made by analogy with KTeFS, as given in Table K )
' As expected U and % are dlsnlace% by the substitution of the 0H /
. group. The.shift in L’m | greater than th%t expected for a mees :) '
effect'alone, and sug}ezts that the Te-OH bond is stronger then
the Te-F’ apical bond. Purthermore, lf 1u\split into 2 bands u25 ;nl.' -
and &oﬁ cm 1, whereas only one bend 1s:obderved~1n the inﬁrared |
spectrum of KTeFS, at'h?E cm 1; This extra band may‘be-explained
\i‘elther by the removal of the degeneracy of U (EJ due to the reduced
deymmetm%or the occurrence of bL(B1 s an 1nfrared active. band
again because of the breakdown of the selectlon rules for C&
o |

symmetrv. The’ weak Raman band et 205 cm 1 has no enalogue ig- he

v el

. Ramal epectra of known eqqere pyramidal specles and is- e331gned °
asl}S(B )} whlch has grown**n intensity as a result of themreduced _

‘#f\exnmetry The corresponding in- -plane symmetrlc deformetlon in Xth

.ecoﬁes at 235 cm ~1 (ref.136ﬁ, and the celculated n031t10n for~th13

modg, Vg, 3n IFg is at 257 om’ Torer 75y T /
Mf' » The characterlstlc h&droxo %oﬁes are os\erved in the}A';
' -\
1nfrared spectrum of KTe(OH)Fuf the OH etretching mode appeere at A

3285 cm- ,vand the hending mode at 1130 cm 1. In addltlon the rirst S\\
'overtone of - thle,bend:mg mode is obé‘rved as a weak ebsorptlon Rt
2Ph0 em j. Thlq overtone is alir observed in the infrared Bpectra
;-of the tellurates and tellurlc ac1d119f The remalning weak band
| is essigned as the OH wag (630 cm- ). Thls mode appeers at-é?p em 1
‘ in the infrered spectrum of HSOIﬂ/}r’T 139 ), and et 7&4/812 et '(/
'in Sn(OH)6

(ref 138) end is always weak and broad. ' R - ~



CsZTeOZF2 and RbgTBOQFQ' , \. - '4£g;

The infrared and Raman spectra of CszTeOEP2 ,BB given

in Flgures 8 and 9._ In the liquid phase Xean‘2 exists as a- discrete

93

non-bfidging species’, wherqas in 102F2 the IO‘nearest neigh—"

" pour distances of 2 82 and 2 85 R (the sum- of tha van der Waalg!t

Ty .
radil = 3 5 ﬁ& indlcates con31derable bridglng over oxygengu. Both
3p601es haVe the C2v symmetry predlcted by VSEPR theory3 fhe |

-oxygens sharing the equatorial plane with,the lone electron pair1

2’2

i nal spectra is based Sbon tho

A similar shape is.prédictéd fo TeO,F 2- -in the above saits,.and
so the assignment of the v1bratnL

followLng moleqular geometry.k\vj

- g

In oy symmetry the normal modes belong to tha representation
FL uA A, + 281 + 232. The Raman spectrum should consist of
9 bands and the 1nfrared spectrum 8. Con31der1ng 10 bands are.

cbserve& in al] see Table XI, and US(A D] 1s not .observed, t ere

1s smnedlstortlon .evident from the predicted C2v symmetry However,,~”

",

—. w

in' the case of KIO F 8 simillar multipll%ity of some bands is’
96,

obégrved . The 02 model can. stlll be usad f an approx;mate

aS$ignmen£-assuming,that the_dqpbled bands‘belong to gne-mode.
. ‘ ;: AN % - _ ; : - 1 : ; ‘

' ‘ . . .
! o ' ‘: o ‘ ' /h Cn e - S o hadd] .
- L. . 0o . . . . , LR,
. ; “ - R . . 2

e
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"+ TABLE XI -«

The Raman'andFInfra¢§d Spectra of Rb Te0,F, and §S2T802F2
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Do E Two Te-0 stretchlng modes,U (A4,) and Ve, (B ), are
‘erpected, and they Will lie above 700 cm\1 by comparisppgw1th the, \'
.~ Te-0 stretching modes\in TeO2 and TeOFuaﬁ: The-two hiéhes% ““ o \\
| frequency bands ere s essigned to thsSe modes, U \béiﬁg“doubled-:

in both the Raman snd inf'xared spectra. The asslgnment of U the

symmetric (T‘O ) st h1n mode at a, hlgher frequency than vV ,.

the esymmetric stretch, is perhaps worthy or comment, Polarization

l

. studies on the

soelectronic 102F2 (see‘Chapter iv) show a near

\001nc1dence ol these two modes st 840 cm 1, whereas in Xe02F2 the

asymmetric stretch L’ lies higher than U 93 %hus there seems to

be a derinite trend acr?ss the series*Xeozre, 10 JFoh and Te02 - 2=

with' L% rslllng below Lﬁ in the tellurium specles. This. parsllels

2-
3 oA
whtre a similar inversion\of the symmetrlc and asymmetric stretchlng RN
139 i

tibratlon oceurs - o '!;” -
. . f 1 :
"+ The remainlng 2 stretchingimodes arae sssigned as. folrows.

' the tqend observed for the.CB' exo species XeOB, IO3 , and Tel

L4

clnce the fluorines are axlal in sll these specles, and the L(FTeF)

is expected to. be close to 189 , of. theltwo (TeFa) stretching modes
expected one should be stqﬁggﬁin the’Rsman and the other qtrong

in the infrsred ,pectrum. The symmetrlc (TeF ) stret hing moae Vs (a, ).
is_thus assigned-at 1400 cm™1, and the streng rnrrargi

cm;j to the asymmetric stretch, Ua(B )._ >

band at 305 .
The deﬁormations and the tcrsion L%(AE)’ are asulgned

by comparlson with isoelectronic species._It is tempting to argue

for the aasignment of the symmetr}c/deformatlons L/(A Y and UL(A1

to the two most intense of the remaining Raman pands at 353 and '

'-279 cm;1. The measurement-or~the polar;sation ofithese modes in I, .
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L

/**\) lieat 201 om 1\\\ ; I o . o

L67

02F2i allows for their d finite assignment\in this ion,fand so

. the fall in frequency of "these modes across the series XeO_F

2" 22

R 2 Fy " and T902F22 s %9 felt to be ‘the more reliable methodrjf

531gnment rather tham intensity ergumente alone. Furthur discue-

sion on the trend in these modes across the eeries*will_be found

7 | | . \

Three cembination andv are'obser%ed in the infrared

in Chapter VI,

spectrum of CsETeOEFE, see Figure 8 and Table XI, The weak
shoulder at [ 80 em “toge attributed to U5 + Ug' 8 EOmbination elso'

L,
observed for ‘{e02F2 93, Frgm this combinati?n\ Ur is estimated to -

Solutions _ ' - ' o o,

Raman Spectra .
Solutions of TeO2 up to 2. 32 M in 26. O"M HE give the
spectrum of the - TeF5 ion shown in Figure 7, trace D, The observed.

'frequencies a?e”recorded in Teble X Confirmation of TeF5 as the

only tellurium(IV) present is shown by the linearity of a plot

of 1ntegrated peak inten51ty of U (A ) at 616 cm 1, versus TeO2

concentration in 26.0 M HF\as shown in Figure 10. The dete for this
plot is given ‘in Table XII, solutione 1-3. Mbreover, there is
excellent agreement with the Raman spectrum of TeF5 in CHBCN\ 9

1

with the single exception of the peek at’ 590 cm assigned to U (E),

which has not been .ohserved in: this ucrk. U is better eGSigned

'_es 001nc1dent w1thl/u(B e It was not Bessible, however, to

‘resolve the strong band at ‘508 cm j into its conetituent bandsl/u

and L%. The coincidence ‘of these two.modes agrees well with the

-
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R |
chenge in nosition ofllh«and.U across the isoelectronic seriesi

SbF52 . TBFS y and IFS' Thea observed polarization of the other
: three A modes U‘(621 cm'1) U (520 fem™ ) and L)(273 cmb1)

Y confirms their assignment in \KTeF5 ~ o

 As the mole ratio of HF to TeO2 decreases the Raman ‘

\\the spectrum of TeFS decreases, asishown,in Figure 7. This new.

L T

-

SPQCtrum is the same &s a solution of KTG(QH)Fh in water, and on . "

the basis -of the close anaIOgy with the solid, is attributed to
the Te(OH)Fu ion. The-two highest frequency modes‘are both

polarized as expected for U{TA ) and b’(A ) in this symmetry. In
-t

additionl/ (4;) is assigned to the polarized band at 265 cm” ', The

Raman spectrum of a solution of KTeFS ™Un rmmedistely after solution

showed only the bands due to the Te(OH)FLL ion, “and indicates the

rapid displacement of the apical fluorine"in TeF; by OH. © oS

No. evidence for the presence of lower fluoro tellurstes
‘such as may be derived from the TeO2 2 ~ ion was found in these o

‘solutions. A mixture which was made up with 3:1 mole ‘ratio HF/Te02

2.
e The-Raman-spectrum of the clear golution showed-only the spectrum
-1

yielded = clear solution on warming, but on cooling deposited TeO
=

of the Te(OH)Fh ioﬂ; The - -absence of a band at 8&0 cm ', which

is characteristic of the TeOFue ion, indicates that the Te(OH)Fk

ion is not significantly dissociated to TeOFu . Furthurmore,-the

close agreement'of-the.spectrum with that of.KTe(OH)Fu indicates

;_.the'absence‘or the,acid.HéTeOFu in solution, which must, thereforse,

be at least a moderately strong acid.

-~



I e L
r i “ ’ ” . ' y e . o
s The changing intenSities of the: Raman spectra of tha
\\wo ions with the changing HF/TeO role ratio,\shown in Figure 75 =
s
1ndicates that the two fEilurium(IV) ions are in equilibrium in ‘3(' C
these solutions.'; i ) {\ . o . S B . T
- \ .- S '\ '.— S L ‘ o
! TeF.™  + 'H. ‘on' Kl—l To(OR)F, = 4 '
. TeEg. 2 = TelOW)F) "~ +- HF
. o & ... ' o C
The Qquilibrium conspanf,VKh;-is given by{ R .
T - e n - c e 4 - e B
K a're(omrg'h". BHF :‘_fTe(oHJFLL"[TG(OH-’Fm]--fHF[HI“]' )
. — ——
S Brom = o 8 4 (N) [ TeF."|. a (N -, T
Tel . . qQ .
SreFy” + PHya (V) TeF ™" [ ] Héo e '._‘

- .
- - \
[ 4 /— !

Since the two oomplex ions are simiﬁar in both charge andlstructure,'
the factdr of their activity coefricients may be set equal to' '
iuﬁity‘a\\a good ?pp?oxim&tion. It is assumed that fHF\;aY also

be set equal to hnity. The equilibrium constant may then be

‘evaluated by the quantitative datermination of the Te(IV) anion -

b

concentrations once the molar absorptivity, I30 is known for one

of the species in solution1u1. This is obtained from‘the 1ntegrated

peak intensif& plot of U of TeF5 shown 1n Figure 10. Once'b““gag

e

J& F.- is known, the stoichiometric concentration of ?ﬁgs' can be

found for ‘the solutions containing ‘both this anion and Te(OH)Fu .

. Tt ’ )

" The \Te (OH)F h ~ion ooncentration and a partially 39rrected 513 | .

| . e - . _
concentration MHF,.can then be detqrmined from stoi%hiqmetry.;

\_' ‘Ni['r(omph] CTOE[Tpsl



. : I -
. ( ! ' i‘ L . | "‘ - T % » b
J Mg = Cyp o 5 [Te?S ] L u [Te(OH Iy ]H ‘? ;.
. ) ’ . ' - ’ i \ .‘t- ' . =M
Cpgo: @nd Cyp represemt the total initisl molarities of both speciss,

Equilibrium molelities-o@ molecular HF .in aqueous. solution have

been méasured up to a stoichiometric HF cencentration of L m 1h2
”'and [HF] has been evaluated from this data by 1nterpolation

_cGoncentratlons wers converte& to the molar scsle u31ng density deta

143 -

from tables. ™. While water activities in aqueous HF h&ve,not been

evaluated veIues of aH Owere obtained from the vapour pressure L
/
measureme ts of Fredenhagen hh. The velidlty of. thls spproach has been

showmn for aqueous HCl solutlons, where a (N values from vapour. -k
| H,pt A

1

pressure measurements agres within experlmental 1im1ts with those ‘ 'gg
, ‘ .

determined by-EMF methods hS . o
' The erfect of a relatlvely small concentration of Q\blouoh\\\

"on Ay o (V) and [HFJ /éas not been taken into con31derat1bn, ‘but-
2

. it must be small considering the agreoment between Kh values given, e

in Table fII;,The hydrolysmswconstapthwas found to be 2.5 ¥ .1 M.l R

R

'

»

19F‘NMR : o .:. “ ’ . ' ~ --. . ' . . @,'

et e i e

The 19F{ﬁMﬁ spectrum of a solution of TeO, in 26.0 M

;:“._ _ A 5
- ﬁF showed exchange of any fluoro or oxofluoro tellurium(IV) _ )

Sp60183 present uath the solvent down to the freezing point of the - ..
>

solution. ' - .Y ‘\\\ o z..
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Fluoro and Oxbfluoro Anions or Iodine(V) o : .
) L ' o Ve

'ﬁ‘\f - Iodine in ite penultimate velenge ‘atate provides an
.interesting bridge between the wide number of fluorides and oxy—
floorides of xenon(VI) ,_and the little studied tellurigm(IV)\
ebeciee Furthur. iodihe“resemblee fe;on'more than'gflloféum in
much of-its fluoride chemistry, both in the diversity of compounde
i ;1soleted and in the wide Jenge of coordination observed The

rormelly lower coordinated speclessuch as 102F are polymer:lc:"’.‘S

and the 102 2 ion Has strong interenion‘bridging over oxygen in -

its saltsqu.,- ‘ - } - o - ' ."'fiﬁf
5 .

7 ’ The nature of the sgueous solution chemistry of N

'1od1ne(V) has in perticuler been little studied, and provides a

.large amount of the materiel in this chapter. _ o [_@f.

X



LY
\
. \
* \\ Tu'
*, .
. ;| -
N
.

X Ray Powder Photography S o

. . - ORI,

CSIOF, and KIOF - . - . N
Js N h . . . _ R

CSIOFu was not prepared pure. However, the infrared

spectrum of a: product prepared by the deliberate hydgolysis of CsF

-

and IF; in CHBCN showed CsIOFu to be the major constltuent (see

later) The x-ray powder photograph date for this ﬂsterial is—given
v
in Table XIII. It 13 evident from Chapter II that the possible

4 .'A"' ,'I‘ v

impurities ere ¢51F6 and CsIOze. Failure to isolate anhydrous

CsIQ2F2 (see later) precl&pes the' identificstfon of any reflexes »

due to this salt. However,.Christ323 reports the x- ray powder date'

———

for a. number of hexafluoroiodate(V) salts 1nc1uding CsIF6

‘Inspection of the data in Table XIII indicetes the absence of any any “‘“rh%%

_CsIFé in this . Furthur of the .22 reflexes measured 19 wereY o

fitte using tho cell paremeters reported by Ryan and Asprey75 ;

It was therefore assumed the? the product contained only CsIGaF‘2 A
A3 impurity. . 3& ' i ) P_ -“% - ‘

~»

7
L It was elso not pOSSible to’ prepsre KIO?L pure.
R )

Hdwever, the x-ray powoer dets for a product prepared accorﬁlng

5

to ‘the hypothetical reactlon, in CHQCN Y

' F -
‘ " ' K 4 . —_
’e . coal . - : "\. ' .
o . a . . . . - . L . -

PIF.. . + | 2KF .+ KIO, - = 3KIOF, . .. /

"
"is given in Table.XIV. There:is noleridence for the presence\of R
any KIF, (d spacings, 4.53, 3. 93) or PEIO3 (a spebings, .48, 3 16) o

The three major. reflexes of K102F2 are present ('d spaoings, 3 Bh,

2.88 and R,0l), - - - L
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TABLE XII1 (Cdptinued)

| Calecd

’ sian.Q/ |

Intensity - . Exptl >
- L © ' 8in®@
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TABLE XIV
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\
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X-Ray Powder Photography Data f£or KIOF, + KIOBF, Product

1
¥

. .
KIOF) + KIO;

2

B

I

. *
L

CuzKx Irradidtion
N

.4

. Intensity.

\ ! f’ 1 .867'

| - y ;}1.81
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-5 . . & ::.;1 .63

g

. 70
20 -
50

r 50
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Vo207
50
.20
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16
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Ch
u- | 78
. ) . { . '.
) <
;o # " The CsIOFLL -and KIOFu salts appear to be isomorphous.
PN

Thus ;he x-ray powder photography ipdicates that the CsIOFh and -

KIOFu prodéEys contain only CsIOEF2 and KIOaFeimpurities respectively,

-éwlth the absence of thehexafluoroiodate(v) salts and the corres-

ponding alkali ?etal fluorides

CsI02F2.1/3H o, Co(NH 6(IO 3 H20 and CSIOEFQ‘HIOEFZ.?H_O

The x-ray powder photographs for these three salts

L

:" shpw them to be crystalllne, and the data is giv&h in Table XV,
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o
.

\}'Ray Powder ?hot98ﬁaphf Data for IogFgf'sﬁegies L )

= g l -. 1 f .
. ‘ / - | |
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CsIOaF2.1/3H20 e Cu-Ke¢ Irradiation
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TABLE XV {Continued)

d N  intensify_ ' ., a

o
L

1,541
1463
1443
‘ 1.392 .
- 1..382
1 .1.302
1,260
146
10,995

[

=]

s

Cs10,F;.HOTOF,.2H

20

3.542 50 .. - . |
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1,189 ///; 100 7 ]

1.079 2d’ | '
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. 0.996 20 - |
. 0.973. 30 |
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'Vibrational Spectrai‘ e P . y

CsIOFh and KIOF‘LL :

.‘.'o ~ I . h

The observed Raman spectrum of a mixture of CsIOF B
and 03102 2 is given in Flgure 11, trace A, along with the Raman
spectrum of KIOaFE’ traoe B - The observed vibrational rrequencies

for CBIOEu were determined and are given in Table XVI The infra-

vred gpectrum of the same product is gﬁven in Figure 12 trace A

i o«
and the fundamental frequencies in Table XVI. These have again '

'been obtained by removal of- the charaoteristic 102F2 frequencies.

' w1th the infrared spectrum of a product known to contain IF,

The absence of any CsIF6 in this product can be, seen by comparison

6
Figure 12,_trace c, shows ‘the inf ared 3pectrum of KIOFu contaminated §§

Y

with both K102F2 and KIFG. This . roduct waﬁrobtained.by reaction -

in excess IES (see Chapter 11). e 12, trace B, shows the infra-

red spectrum of a ‘product ¢ontaminated with 8. substantial amount

of' Csi0 Fé,but again CsIE6 is absent. This prcﬁuct Wa.s obteined

using CH CN aa solvent. _ 7
The ddrinitive assigmment _ of the vibrational spectrum

of the IOFu ion 15 dlfficult in the ﬁbsence oﬂ a puro salt,

.HoweVer, the following assignment is_based upon the Raman spectrum -

in Figure 11, trace A,;and the infrared spectra of Figure-12, traces

A and B, "The asslgnment is given in Table XVII.

The IOFA- ion 1n csIOFu has been shown’ to be square
75

Pyramldal with the oxygen occupying the apical position . For

idealized Ck sgmmetry 9 modes are.expected?.al; are Raman active.
while only eix‘(BA; + -3E) are infrared active. 8jmodes are observed

ot
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Raman and Infrared Spectra-of CsIOFi_'~

~. - 8[4_
W .

TABLE XVI

- 5‘- : ‘ i
+ CsIO,F, Pro_duct

!

- 'CsIOFL593192F2 2 IKIOéT@f?; 'cSlor«'LL . \
\R'am::m Ir R‘amgmﬂ' Ir Raman ir ‘
K I~ | ‘\
886 vs 885 m- S 886 vs 885 m
B35 mu,sh B4Sw . 838W 851, m o
. ' | 845 m )
817 ms 825 w 817 vs 819 m’ k N
810 ms 814 w,sh 805 3,3;1. : \’\
533 s "535 m,sh 533 s ©535 m,sh
485 m 482 we,or 479 s © 485 vs  hesm. [482 vs, br]
475 w,sh | | - 475 w,sh - |
40 v,sh hse v Wom B
. S horm
365 m 385 mwsbr 366 m  -360s 365‘m' 385 mw,br |
| | 351 w,sh
WS v 36w 3&51§, |
332 W 323 s f};f/.
T 303w 305 sh,br o I y
Caw b 273 w L~
éru mw 220 m,sh1 21& mw '_ I
190- Cdohww 197 s 160 w,vbr
160 w,vbr - - . , s
90 m - . . - ;
75 w . a I¥ bands below 300 em-1 not assigned. b ref 145
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TABLE XVII-

| | ra
Raman and Infrared.Spectra of CsIQF‘h_ (CLI_V) : | .. ' ‘;;";'.;"‘
C‘lass Mode No, Raman - Ir ‘Approx descrip’cioh. ‘
' of mode (Cu ).
. v
»
A vy " 888 va - 865 m W10
Vs 533 s 535 mysh . Y, (IF, )-in phase
U3' 2?3 W : (Ssyin(IFu_) umbrella -
B, Y, 185 m 482 ve,0r] Y, i TR, )-out of
: : phase
. US 6asym(IFu -out of
) . . plane
B Ve . 21l mw | . O, ym{TF,) - in plane .
E -'U7 W75 w,jo.h' [LLB'E., vs,-br] | ‘Vasym(lph) N
Vg 365 m 385 mw,br O(0F,) wag Y
‘ ‘Ug ‘160,“mw,br ' 6asym(IFl;_) -in plane _
’Q)”l " 4 e
.
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in all,:the one absence being accounted for byu%g(B1); which is

rarely observed ror this symmetry66. Fouf stretching modes are

i

!
. expected(2A + B1 + E), ‘and judging from the spectra of IF‘S 58 !
h (ref 152))and XeOFu 73,'&]1 four stretching modes should lie
' above uOO cm 1. Four fundemental stretching bands appear in the

Raman spectrum of CsIOFu, snd ‘the highest frequehcy peak at 888 em™]
must be LH(A | the IO stretching mode, since thls is the only

@esk in the characteristic_lﬂ stretchlng region. The corresponding

1

mode in ngF occurs et 929 em” (ref 73). The.next most intense

peak in the Rsman spectrum Jies at 533 cm - and is assigned to
U, (A ). IFh y which has idealized Ehh symmetry, has a corresponding:’
in-phase symmetric stretching (IFH) mode et 522 cm -1 (ref 192) -
the remaining two stretching modes l/(E), the asymmetric (IFh)

stretch, is expected to be the most intente in the infrared, and

/ ] .
is thus sssigned to the band: at u82 em. , The intensity of the : ﬂ!
coincident 102F2 band at hBS cm -1 can be estimated from the intensity k

.of the I0 stretches, and is too weak to sccount for the observed| )
' intensity of. the band in ‘this regionwin Figure 11, trace A, This
assignment results in.bhiB1) being at 1485 cm 1, and thusl{u and

U are almost coincident "This ooincidence is also found .in the
isoelectronic 'l‘eF5 ion (see Chapter 111). The corresponding modes‘
-in the IFM ion’ occur et 455 and hit8 em -1 (rer 152),

- The deformations are assigned by comparison with\other
chv molecules, especially XeOFu 73 ana TBOFu T ( see Table XKXIV,
Chapter Vi). The two 1owest frequency peaks are essigned to U (E)
and L@(Bei-et 160 and 21u e 1.respectiVeiy. The umbrella deform-

ation UB(AT) is assigned to the peak at 273 cmi1; this mode is



),

L]

X

' seemingly little altered across the isoelectr)hio series XeOF

IOFu- and ?eOFue . The corrGSponding umbrella defqrmation in IFh
. 1
oceurs .at 271 em -1 (ref 152). Flnslly, the other little-altered

.mode, the wagglng deformation U (E), which does not involve motion

-1

of theacentral atom,isjattributed to the-peak at 365 em
T S © a

KIO :

2/ 2°

—

A The Raman spectrum of’ K102F2 is given in Flgure 1M, 7

trace B, and the infrared spectrum in Figure 1&, trece A. The

«

spectra recorded for K102F2 are in excellent agreement with those

reported by 'Finch et a1'5 and are included in Table XVIII. The

given assignment is confirmed by the solution Raman epectrumJ/

)

obtained for 1021-“2 (see later)s * - @

&

CSIOEF2.1/3H 0

The Reman spectrum of this salt is given in Figure 13,
trace A,and ‘the inrrered\spectrum in Figure 1&, trace B. The \
observed frequencies are recorded 1nfTab1e XVIIZX. Crystallization |
from 15% HF did not yield anhydrous CsIO F,, as reported by

126

Weinland and Koppen! 28, but the hyarate 03102F2.1/3H 0. The infra-

red speotrum”of CsIO F .1/3H 0 confirms that the product is a hydrate

and does not contain a hydroxo group, since it has a band at 1655

em 1, the characteristic ( HOH) deformation of the H20 molecule.

The other charecteristic water bands, the OH stretching modes
(3425 em 1) and the torsional mode. (595/615 em” ) are aleo observed.

L)

Comparison of the spectra of the I0 F jon in
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Figure 13
Raman . Spectra of 102F'2
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‘Figure 1}

.Infrared Spectra of I0,F, Species

¢

A KIOZF2

B csI02F2.1/3H 0

C Co(NH3;§(102F2)3 >

D- CSIogFg‘HIOQFg'Zgzo

s

i







%0 -

this salt ‘and in K102F2 reveals a conslderabne differancc in the

ngtpre of’ the anion bridging in the two compounds.

L4

fhe Raman spectrum of this salt is given iniFigure 15;

and the infrared spectrum in Figure 1, trace Ce+ The obsorvddﬁié%t _—
frequencies are:includod in Table. XVITI, Once again the infrarédq?
spectpum confirms tne formhlation-of the compound as a hydrate,
three OH stretching nodos being'observed'at 3800, 3570 and 3450 em™ 1,
This multiplicity of these OH stretching modes has been observed

for other 1'13rdrzalt¢=.~s1lL . Five bands appear in- the 10 stretching region,
indicating a more complex structure for this compound %ompared to

K102F2 or CsIOaF2.1/3H20. The.doubling up of many of the bands

suggests that there are. two typeq of Ioéfa"ionyin the substance, .

differing perhaps in the nature of their oxygen bridging or hydrogen

bonding., ‘ | - ' IR 'i A

- | |

CsI0,F,.HIO, 2.2H 0: o Ca .
Crystqfllzation of 2:1 cesium fluorlde/iodic acid |

F

s

. mixtures from hﬁﬁ/gF yields CsIOZFa.HIozFZ.EH 0. The Ramen spectrum
of this compound is given in Figure 13, trace B, and‘the.inrrared
spectrunm in Figure -1, trace D, These spectré éupport'the }ormulation
of the compound as a hydrate .and not a salt containing' B0 2+.or

-1

H30 ions.: The bands at 3&25 and 1670 cm = in the 1nfrared spectrum '

1
are characteristic of hydrate 139 and the band at 610 cm ‘may

also ba due to H2

0 "The characteristic bands for HS 2, f(ref 1u7) are

. i-"
-
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'not present in the spectrum of this cempound. The observation orl‘ -',“.H

a weak bend at 1170 om -1 shows the presence of a hydﬁoxo group, and’

“the broad bhnd at 2900 cm T is indicetive of a strong hydrogen bond 1-

supporting the anion formnijtion/agﬁﬁflo )2 . In this regard. the _1'-

.spectra erj;simiiar to those reported for. the H(IO )2 ion1u81’A T;J

complete as;;%nment of the spectra for this compound is not possiblel
.

due to the complexity of the’ spectra. A partia] a331gnment is given.

in Table XVIII,based upon the assumption thet the1102F2 and HIO_EF2

perts of the spectrum can be separated ¢ : ;-: a
‘Solutdons . .~ B ' L T al

< , : . ©

w

The section on solutions of H103 in hydrofluoric acid
is divided into two parts. the first deals with solutions in. upeto
.41, 8% wF, where the fluoro species presenﬁ is IOZF? , and the second in

the region hB - 100% HF where the situation is more complex. A '

| third section deals with the IFS/H 0 syStem 1; acééonltrile,- ?“jt
| 1E.E§QB in oilute.HF solutions.(ub_to ua% HF)" ' N L -
ﬁanan‘Spectre : oo o ' 1

The Haman specb¥um of a 3 oM sox)tipn of HIO 1ﬁ.u8% f
‘HF ghows no peaks that\can be attributed to eitheg HIO3 or 103 The

absence oﬁ a peak in the I+«0H stretchingnregion139 furthermore

Vg
eliminates the pessibility of HIO being present The ﬁhmen spectrum

L

~of this solutlon is given 1n Figure 16 trace B; and the 81milar1ty o

of this spectrum to that of KIO conflrms that ioz " is ‘the only

2f2 4
species present, eee Table XVIII. Polarization meesureﬂents confirm

i ® a

the assignment for “KI0,F . It was.not poss1ble to obser&e the

- ,
Nt : A . v

T Ny .. . .
S 4 . 3 » g
S - A .



N

CTABLE XVIII

Raman and Infrared Spectra of 10 F_""Spectes

, 3 i
b ‘ : ¢ T - d e
a5 -
{lass  Mode No. (A Cslozrg.l/auzo Cs10,F, NI F, . 2H,0 Co(m])E(lozF?)auzo 10,F, Approx Description
; La .
Raman Ir Raman tr Raman Ir Raman Ir Raman of Mode
by [ - .
L8 U]' 817 vs B9 m - - 814 vs 815 5 833 vs 830s 80 ws 790 s 840 vs,p(.16) Usym{loz)
814 w,sh 805 u.:/’ 895 sh . 788 3 760 m,br
' 2
Vv, 479 5 485 v3 484 m 475 3 492 m s00 sh a4’ T 500 ow - 483 m,p{.34) Usym(tFZJ"
470 s
v, 360 m 360 3 32w 380 sh 370 ms,br M ow - 365 sh {335) m™,p Ozymit
351 w,sh - 359 mw 378 sh
V, 1w 975 190 w,br 190" 1m0 wsl.52) . Gaymlir)
P 184 m ’
4 v, 20 msh 256w  283m ¢ 230,vwbr 250 m T.
. 213 w,br '
L8 Us 838 w 851 o Bl m 825 vs+ B30 ms. B39 w Vasyn(10,)
845 822 m B33 w ' -
. Com7 s S A
Yy o Mew mss 352 w 345 5 0 sh /2w 35§ sh. {335) m Basyn(10,)
' MOm
B Y, . - .y -
F S 456 vw 440 m 464 m 460 ms 445 sh 451 m 425 m; 420 Vasyn{IF,)
407 'm 422 435 sh ’
“
Yy .
. 323s M5y N4 m 320 sh N0 w N5 ms 330 cw 340 s (335) mw 6usrm(IE2
a - "
i 305w 3w
a ref 145 _, b Ir bands due to NZD: ¢ Ir bands due to Hzﬂ: d Ir bands due to HZ‘-O: e ,_QH’D?QS in 24K HF
3475 n,br, 1655 mw,br, 3425 m,vbr, 1670 m,br, I8N0 vw, 3750 m, M50 m, . 'b o . 4
; 595/615 w,vbr 610 vw,vbr 1655 sh. and auperimposed on
Ir bands due to HIUZFZ: Ir bands due to cation: glasa or sapphire
2900 w, 1170 ww, 3270 s, 3150 s
780 m, 742s, $8S 5,405/ 1355 m, 1348 m, 975 ww,
. - 395 ws, 132 vs, 292 vs, 6AD 5, 310 s, 270 s,
b 270 rs. Paman: Raman bands due te catien:
el 73¥ms, 775s, 755 &s, 635 496 s, 447 m,sh, 321 w,
[+
e . w, 600 w,br, 4507460 vw,
335 wi, 150 w,br. -
ot : i . b
»
I
i
®

4

Ly &




Figure 16"

Raman Spectra of KIO,F, and T0,F,” in Solution

¢
B A K$02F2 | _
~B 3,0 M HIO, in 48% HF
« ] R
C ." ‘ 11 : (Gain xS}
/ D o oo {Gain 12) 
S 'indicéfes slit width
Ui ) -
. 1“ '
q/’- - ” - ) ) .. ’ o "' [
N . _
. At
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o S J |
symmetric (IO ) deformation, U (&), slnce the envelope centered .

.at 335 em” also includes U (B ) and.bb(B . This band shows & "' b
degree of polarlzatl?n 11ttle different. from the 0,75 expected for

a depolepized band, &nd np certain conclusion can be draWn from the

.relative orderlng of these three banda{
/-

Furthur evidence that 102F2 is the only species present

in solutions of HIO3 in §48% HF comes from 'a linear plot of the

) 1ntegrated peak intensity of U2 of 102’2- (483 em”™ ) versus initial,
iodic aeld concentratlon, CH10.* efewn in Eigure 17, plot A. The
data for this plot is glven in Table‘ XIx, soiptlons hu6. As HF
concentratlon is reduced, holdlng cHIO eoﬁetant, the Ramdﬁ'spectrum'

of ﬁ%e solution changes as shown in Figure 18‘ the Qew sﬁ&cies

being 1dent1f1ed as HIO3 from its characterxstlc I- OH stretchlng

-
= b

mode DH(A ), at 6&& em” (ref 139). These changes are governed

'by the equlllbrla.

a

@ K

The hydrolysis constanﬁ?;;, is given by ' ‘ . S




Dépendend@rof? ntégrated Peak Intensity on Concentration
et e LTy v1C

for:

Y ‘:‘.lt
\'ﬂ“.l - < ]
)
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" : .
’ -~
. s . [ -
. E /-‘ ~
e '
~ Figure 17 -
‘-'\
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. . -
~ ¢
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A Y, (483 em™ty of "TOF,"

3 lli (690 em™') of HI‘OB\ | Q | §
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. Pigure 18

a -

Raman Spectra of HIO3 Solutions

!

A 2.83 M 11103 in H,0
B 2,91 M HI0, im 2,2 M HF

c 3.01M 3103 in .15 M HF -

S indicates siit width =«
# sapphire (417 em™!)

-

T
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The termfaH'o(N) denotes the: activityJOf water on ‘the mols fraction oo
. 5 _

scale, referred to pure water where by definition aH2 (N)
' .Since the two I(V) anions have the same charge, their activity
coefficients may be assumed to cancel to a good approximatlen. The
concentrations of the various I(V) species maylbe determined from
the 1ntegrated peak intensitles of 02 of I02F2_ (dBB cm -) and FJM
of HIO3 (6l4ly em 1>ﬁ. ._' U ‘ ‘l,* ’ | '
The concentration of IOEF may.oe determined in a
éived HIO3 - HF solution from the plot of integrated peak:intensity'.
of Q2Aagainst 102F2 cohceneratiodhéiven'in Figure 17, trace A h‘
”However,-the concentration of I03"cannot be determined in this
manner due to the overlap of the IO stretching modes of’ HIOB, 103
and I02F2 1ons. Instead, HIO3 concentration may he determlned from
the integrated peak intensity of‘Uu of HIO5 at 6&& cm 1‘and EOB,]

found from the st01ch10metry.

\ \\~L . ‘.,-’?>
| ST, =_;[H103]: + [IO ] [1025'2]

3 !
The molar inteqeity Of\)h for HIOB, JHIO3’ ma? be.
evaluated from the data in Table XX and.the HIO, concentratiqn,
' 112

~calculated from the disaociation constant for HIOB . The molar

activity coefficients for the hypothetical completely dissociated

fodic acid €H10 liQted 1n Table’ XX, have been calculated ueing the

3
data and method of Durig et ‘al 132 and the densitles listed in ref., 1&3

An initial calculation of 10dié acid concentration is made, using

; ‘ ' . . Ny o™ 1
the dissociafion constant for jodic acid, K; = 0.18 M.1"" and,

T?PFW' - ' - 'b_'J ) | , ”'i ,A: -



99 - - // : |
~ - . . o =9

assuming all activity coefficients, fyro.» are unity. Hydronium
‘ ‘ : ‘ . ‘ 3 ' SR
ion concentration was taken-as the sum of that arising Trom iodic

acid and the 0.3 M HClOu present in all solutlons. The results of
Fzg
this calculation are given in Table XX and a plot of integrated

“peak 1ntensity against HIO3 calculated in this way gives g

value of JHIO = 238 The calculation was now 1mproved by in-
3

tfeducing*ionic activity coefficients, f

hs calculated accord-
112 '

2HIO
| 3
ing to Durig et al for the iodate 1on concentration. The
molecular 1odic acid activity coeffi01ent was still assumed to
be unity. The results of thia calculation are ‘g£iven in Table XX

and Pigure'17,l ace B. Ths highest 1odate concentration could

not be used gincé tha activity coeff1c1ent data do not extend to

high enough concentrations. Thls plét gives a fﬁlue of Y10 = 295.’,g§
: 3

This calculation takes no account of the effeet of 0 3 M HClOu

on iHIO For the golution of- lowest jodic acid concentration

3
an estimate of EHIO ‘could be made, assuming HCth to affect the.

3
activity coefficient exactly as hypothetical_completely as ionized

-

HIO3 does., Thus,‘§H16 .was taker from ref.112 f@r_an jodate
concentration of .110 + .34 (= .45, 53103 = ,620).. Calculation
using this vz}ue gives Jy 4 = 340. The gneatest'error in the

. 3 -

determinatiop of K arises f#oﬁ the uncertainty in J e A

HIO
value of Jgro. = 300 % 50 was chosen for subsequent calgulation.
3'I'he other parameters in the expre831on for Kh were
evaluated as in Chapter IIT. The 1n1t1a1 concentration of HF,
Cpp? W8S corrected for reaction with iodate to give a partially

corrected HF concentration, Myn.: - ;" ' S - S 4

L !
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: TABLE xx ' B A
© Calculation of ?ha{tar I'htertsnty for Iodic ACILd HIO S
. w : 3 ¢

| - * . '~..-'"l"'-“‘
Tew . - L
B PP

- e -

HIO, ,Inte“gra.té:d’.. : [I\]\ :LHIOB E[O ]b [HIO]
M, Peak Intensitﬁ : \\;

| N ' ' .. Y
. S : . . . IR ‘ .
oA ' R o R . .
'2 - - : -'. . -

[

c

272 . W7 L0800 L770° 10 162
327 st 96 186 L AaM . 196
L2o 62 20 . 739 L 169 - .260.

7 - P A2 725 208 .32

1.6 291 .- C .30 . .66 W0 L 97

- 2,29 . W78 - 430 .628 - .690 1060
2.83°  580°  ——— 1500 . .615 - .822 .. 2,01

Lo 8?0 - 670 - -

=1 . S - _hi—\\\

b [%alculated.us.ix‘lg fitHIO'B 1r{ column u"f’s'qe text) | ‘ | K

a  caleculated assum1ng



"MHF,' = Cqp . - 2[102F2] B

o

Equilibrium molalities'oﬁiHF in adueous solutions nave ‘been -

measured up to an initial HF concentration of 4_m1u2, and ﬁﬂﬂ]ueted

A

in Table XIX has been evaluated from theSe data by interpolatlon

4
and us;ng density dat& 1ﬁ Lref, 143, It was assumed that fHF = 1.

/)?ﬁe ﬁﬂﬂ atr higﬁer concentretions than Y m (3.82 M) have been arrived -~

at Bykg linear extension of Hamer and Wu s data1u » The justlflcatlon

e
N-\L

for thls P oedure come s from Fredenhagen's work bk where it was
Shown that the partlal pressure of HEF over aqueous solutlons shows

a linear dependence on HF concentration up to above 7.0 M HF.

Hydrogpn fluorlde vapour is known to be monomeg}c up to vapour

pressures greater than tho@e mﬁasured over 7.0 M HF1h6; W&ter

et L
actlvitles have been calculated from H20 vapour pressupe-measurements
e

'rOVer aqueous HF solutions1uu ae was done in Chaprr III The efrect

| * of HOth, present for norqalization purposes, and the I(V) anions -
on - [Hﬁ] and aH20(N) in these 3oluplons has not been taken into
cons1derat10n. In_splte of thls/there is satlsfactory agreement in

Kﬁ over-a_wide range of cHIOB and Cyp es snown in Table-XIX,gsolztions_
L -8 -tTheAhydrolysis‘eonstant, Kh’ was found to be 17x2 M‘.l_ .

K] Y
o

R

-

WY Y
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[}

F NMR in aqueous HF‘eolutions (up to 4 8% HF) IRt

Thé 19F NMR spegtrun of a HIO, solution in u&% HF at,

. -hS showed only one peak in addition to that due to the solvent. _ | ‘.
R '
This peak was identifiediae being due to IOEF2 as follows. The -

ratio of the integration of the high rield peak, due to HF to
the low field peak was equal to the ratio HF IOZFE\ calculated
from the stoichiometry of the solution.

* o
- o .

A The " obeerved.ehifts and peak areae are given in : P
Table XXI. ‘ | | o |
- . \‘ ) ! ) ;' ‘ (::’

o
-

e L_’A.
f“m 3;
2, HIO3 in Concentrated HE Solutions (48-]00% HF )

A"

oA

Raman Spectra: - c o T o :QS

In solutions ‘of HIO§ in ue% HF “the ° only iodine(V}

LA
species presenL is 102F2 . However,‘as the HF' ooncentration is.
‘l\’i

increased the Raman apectrum of a new species becomes apparent,

increasing in intemsity as the Réaan Spectrum of- I 2' diminishee.

For a solution of . HIO3 in 78% HF this new’ 3§§§393 is a major econr - Vi
stituent, see Figure 19, trace A. The similarity of the Raman _‘-';. /

/
-/

spectrum of this new epecies to that of - IOZFE R and the appearance
1
of" 2 band at" 700 cm 1, characteristic of an I- OH . stretching mode 39

_ indicatee this new apecies is HIOZF2

IOEF‘ZM"L' + 2HF . B HI(]21=‘2 | -+ HF o

.
B |
AP L

Thus as the acid strength of HF increases the reﬁction movee to tl

the right In 78% Lty there still remains a amall amount of 102F2 ,ﬁrd‘
e | Do ¢ , .

LI o, .
. : : -
. Lo o . ) - -o- . .

.

- . . L, .

m—_— . . R \ - [ ‘ P
. R . -
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, Figure 19
Ramen-Spectra of HIOB
o, A 3.0 M HIO; in 78% HF
B 3,0 M HIO, in 65% HF
C. 3.0 M HIO, in 4 8% mr
S indicates s1lit width
_#.sapphire (417 — 13
‘ N t . \
> »
,'“ Q o

+

solutions in HRF

‘
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TABLE XXI

‘U'- o
A =

1

o

a shifts relative to GF013 or high’ field ‘doublet of IFS

H !

b shift relative to high field doublet of IFS

\
~_"9F MMR Spectra of T(V) Sdiutions in HF & MeCN —
Solution . " flemp . Chemieal Shifts * Integration |Comments
e pon '
\ -
y : ; b e
2.20M HIO, | -58 102F2 “.7 (+2.3) I0,F,: THF = I0,F,"  is
in 487 HF: +152 1:4.89 (Theor| the’ only
HF = 1:4.95 I(V) species
.. . in soln,
HF: - ‘
5.80 M HIO, -20 exchange of 1 solution -
in 71% TE1l species, fre‘ezes before
HF i ‘ 4 exchange gtoppéd
5.65 M ):IIO3 -20 exchange -of o Soln freezes
in 83 . all, species. before exchange
HF v ! is stopped.
8.6 M.H - IF.: 0, - -
"in 96.5% HIO Fp: ~t -7
HF :+f86/

/
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TABLE_XXI (Continued)«

f ' )
~ Solution { Temp Chemical Shift Integration Comments
1 % ppm |
3.3M TF, | 20 It =7.7, -47.2 Some solild .
in 100% HF: ﬁhasersep&f-
HF <. ated at 15%
5.2 M HZFO3 ~60 IFS: f3@1,‘ - JFF:f 78 cps
in 100% =77 IFg: 0, - ) ‘
HF HF: « . \
HIOéFE: +2.7 ¢ _Soiution' super-
cooled,
-8l IFS:S,O, - _Weak IFS"signals
| EF: - indicating IFg
- H102F2? -1.6" froze out of
‘ v ) , ~solution.
6.y M HIOL ~70 IFg: 0, -49.8 { Peak ratio -
in 100% | HF: +97. 2N in IFg = <
. HF ' 'HIOF‘:+31; 1:3.8
) (Theor. = - T
o
1:h4)

B . chemical shift relative to 3?01 as. external s&andard,
Tield doublet of IF .

- A

A

or high
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TABLE XXI (Continued)

,// - e~ .\" v o
Solution | Temp | Chemisal Shirts ® lintegration |Comments
1 % |7 pm L -
5,2% M IFS_ iO IFS: -h.9,.-h7.3 -g?eatIFS;" .JFF(='SSS
2.37T M H,0 . -Exchanging: +u0.2e"Eichanging - ]
" in cHgex | 1 R 5gn&=1:o.72
| S K .| (theor =
- {) ] 10089 ..
~-i5 'Béqadeﬂing Of.fﬁf “,W ]
i ‘douﬁieﬁﬂ(épe - . B
p. 182)

. ’ t\ . ' " . X
a shifts relative to CF013 &8 external standard

o

g
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see”?igure 19, trace A, it is essumed that*its spectrum can be‘

. identified, and the Raman spectrum of H102F2 can be tentatively

assigned.,

The replacement of one or the oxygen atoms in 102F2\:

_with an OH group wll} lower the symmetry of HI02F'2 to c or even )

‘01. Ignoring the cherecterietic OH modes, which- will be weak in -
the Raman spectrum, HIO oFo in either symmetry will have 9 Raman
active modes, 4 of these\being stretching:vibrations. If tHe Oﬁ
group lies in the'TIO ) plane, or if the OH is freely rotating, the
“molecule will have - gﬁ symmetry, the two IF bonds being equivelent.
As a result the qtretching modesl/(IF) and D(IF’) will: 1% replaced

by U, (IF ) and Vasyn{TF2t» and the symmetric stretéh will be

”stronger in the Raman spectrum of HIOEFa. The observed frequencies
for HIOan ere:given in Table. XXII, and the existence of. a single’
strong band at'ShO*cm 1, the characteristic IF stretching region,

A
euggests the molecule can be considered asg having C symmetry since

'~there is some exclusion of besym(lpz) in the Raman spectrum, This

1

asymmetric stretching mode is assigned to the band at 330 cm: e In

iana' the e}mmetric (IFé) stretching vibration ocours at 485 cm"1,

and the asymmetric ee a weakef band, at 335 cﬁ"1, see Table XVIII.
In the solution spectrum of HIOBFZ.the three etrongest

bands are ekpected to be L’(IaOH), L’(IO) and U (IF,) om* In going

from the .anion IO0F,” ‘to the acid HIOF, , ;‘15 expected to inerease

_in frequency. Fop exemple;'an inerense is observed on goingﬁfrom

T°°Fu to Te(OH)Fu , See Ghapter 111, Thus U is assigned to the

1

»strong bend at 540 cm 1, an 1ncrease in 55 em from‘the correepond-

~ 'ing mode in 102F2 . The 10 stretching mode b%, is also expected

3
4

™LA
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) gt
o " TABLE XXII °
The Raman Spectrum of HIOF, (cy) ) A
Class Mode No. Frequency em™) Approx description
of Mode '(CS) N '
- L . : e 3 “ vy ]7
A V, 700 m, p V(r-eH)
v, 850 m,br,p V(10)
U3 540 s,p U (IF2}
Vll- | - 350 sh, p? (OIOH) in plane ' %
X 1}"5 _ 2 6(1?2)wagging
Ve ' 210 w,p? dsm(zpa)
7 . ' :
A Ve . (330 m,br) Vasym{IF2) \
Vg (330 m,br) . dasm(OIOH)-out of plane
Vg (330 m,br) 0 gagm(TF2) |
o
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to increaee in frequency'comgared;to.the“(IOe) stretohing modes
in 102F2 , and .30 b% is assigned to the shoulder alt*éSO"cm'1 in
Figure 19,'trace A. An increase of 20 cm-? is observed in'moving
irom H8303 to H28e03, where a single Se0 replaces a pair’ of (Seoz)
_stretchihg vibrations121. The bandfat 700 em”™! 1s characteristic
of ‘an I-OH atretching mode and so this is assigned to l/ « All of
these three bands are polarized, actual polarization ratios being
difficolt to access due to the presence of'the IOeFé'_modes..

' The deformatione prove a more difficult proelem in
assigrment. The syom?tric'(Iin'deformatidn Ué, ras also moted to

-]
-1 4n I0,F,"s Of the

- ,
higher frequency; 205-cm-1; compared to 170 cm
‘remaining Ii deformations and the esfmmetric (IFE) stretching mode,
b%;lja andl/"most likely lie under the broad envelope centered

-1

at 330 e¢m™ -, and b% is not observed.l/u is'tentatively'aseigned'

vto the shoulder at 350 cm~ -1 which appears to be polarized as is
'expected for this A' modgi Derinite assignment of these modes is
impossible due to the presence of 1021?2 .in the ‘solution. |
A comparison of the spectrium of H102F2 observed in
this_solution with that of the salt CsIOEFz.HIOZFz:éHeo ‘reveals
littie-similerity. This is perhaps not euprising since'there is
considerable’hydrogeh'bonding ih the salt,-see.Table'XVIII o

rnmyiesolution of H103 in 90% HF, Figure 20, trece C,
confirms the assigrment for HIO F, as. the new specles in the lower
HF concentration solutions, the ‘bands due to HIO2 E inecreasing in
intensity as those due to IQZF2 are furthur reduced in reletive_

a ' . R ) [ ) o .
. . - o . o

p -

N



’ \ -

.

7;‘\;\ Figuﬁe 20

Ler

-
PN
L

Raman Spectra'of.ﬂi03 in More Concentrated HF Solutions

A IFg in CH
B 3.0 M HIO
C 3.0 M HIO

3
3
3

.

CN .
in 100§ HF

in 90% HF
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intensity in‘the.more ecidic‘eolution.. _ o ‘dg?r

~ In these more acidic eolutions, 90 and 100% HF, see
Figure 20 traces B and C, the é?peeranoe of/the Raman spectrdﬁ' . L:;
. of a second new species is apparent In these solutions the band ’//
in the (IFE) stretching region at ca 5&0 cm -1 has a shoulder at
590 em” ' ‘which- increases in intensity with increasing HF concen- ‘
tration, becoming a sharp peak in the 100% HF eolution. A second

-1

band appears at'690 em - and this too incre&sesnin-intensity becomef\'

ing a sharp peak'in the'160% HF solution, see. Fiéure 20, trace‘B. . Q
Both of these bands are polerized, and their similarity to the TF’
(apical) and (IFM) stretching modes oftiFS in hexnfluorobenzene58
indicates that IF‘5 is indeed the new: epecies. The little or no change

in the profile of the 10 stretching region, 80O - 900 om LIPS %

. the spectrum snd the absencexij;&:iyddﬁﬁ 530.cm /indicates‘the
.Iabsence of IOFLL in these soITt . . ® ', h

The change in the profile of the. band assigned to,u1
" of H102F2 at 700 em -1 howevor, requires some explanation, Inlthe
highly acidic HFs solutions this band has sharpensd considerably ano
centerediat 730 cm'1, see Fiénre 20, trsce B. The aosence of a band
at 62L em 1, the characteristic (IFM) symmetric stretching mode
of HOIFh (see below) eliminate.s the ;ossibi\lity of tﬁis protonated

spec{es. Fhe sharpening of the I-OH stretch' can be accoufited for

- [

"

by the following scheme. ' : i
- In the 78% HF solution aome IOEF2 is present, and
therefore a h\idged species such as H(102F2 2' can be rormed.

“

s = B(IOF.)."
HIOF, * 108, _— 2F2)i, L

3

~
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-tration is increased, the increased acidity of the eolution results

13 S -

. . \ .".'_J
4 | :

The broad peak in this 78% HF solution et 700 cnm =¥ :T-1:} Figure 19, .

R

trace A, is cheractbristie of such a specles. Aa ‘the HF .eoncens-

‘in the complete protonation of 10217'2 , and thus,the sharp peek at

730 em™! in the 100% HF solut@m is ‘due to the I-OH etretchn.ng

- ~vibration in HIO F T - - : o 5- 4

2" 2 ' 2 _ : S
f . . - - e

} it ; . | ._ > ‘ SR - i
H(IO#3T, 0 4 2HF L= 2HIOF; * HF |

. w :
An alternate explanatianfklso involves the existence of s

a bridged |species in- the lower concentration HF solutions,owith

protonation occuring in 100% HP.

o

. .

.‘:f f‘ . B ’ ‘ . ’ ) ’ ) T s

H(I0g,)," ¥ 2\3}? SN Hy(I0F,), 4 HRT

| B . ]
e '

[

—r

Such a bridging ‘specles does not account- for the sharpnese of the® ™ .-

peak at 730 om -1 in the 100% HF solution, however. ' . f

™
NPT
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19? NMR Epoctroscopy - I ﬁ' o u :”-1 o -

o

The 19F NMR: spectrum of a solution of" IFS in 100% HF T

- -at 20 C give;\tho cﬂaraoteristio IFS signals 56 in addition to a-

-

broad solvent band S;n cooliing tonﬂs a8 second phase separates in

the tubo, and thié 88 not redisso%%éammedlqpely on warming. Tho

: observed shifts are }1ven in Table XXI, f o T

T

Dissolution of HIO3 in 100% HF gives the IF; signals

at —60 ’ and on cooling to -77 y 8N addimional peak at +2. 7 prm

C'from’ the high field doublet of IFS._The observed shifts and coupling 'i
3oonstant aro givon in Table XXI Some of the shifts wero_measured
from CF‘Cl3 as ‘an’ extorn&l standard; and due to‘difficultibs with "‘
 this roference in the interannular space, others wers referenoed to
: tho high fiela doublet of IFS' This single extra pesk at +2 7 ppm o, qg

from the doublot or IFS 13 most likoly not due to 1021?2 y uhich

 has a shift of +2.3 ppm from IF‘5 at -68° . The Raman spectrum of a

solutlon of KI0, in 1d0% HF shows the spectrum of IFS and a- second

3. "

'spacies identified as HI02F2' Thus the &dditional signal’on cooling

HI02F2, -and is not due to IOF ~or

the HIOB/HF solution is 1dentified aa Being the 19? NMR signal of

' OFuLsinoe t@ese are not observed

S

In the Raman spoctrum.

-

‘on. reducing the concentr tion of HF to 96.5%, the signals

2 2

rdue to IF5 and’ HIO F."are again observ‘d on’ coo}ing below —60 . The

"gavo~the signal due to IO F dﬁ cooling to -k5°

obsorvod shifts are given in Table XXI.‘

=Y

Furthur roduction in the HF\concontratlon to 83 and
7% HF, gave solutions a part ol whiph fn ze aftu-209. Thua,in these
solutionsqonly a broad oxchanging band wa observod

/ﬁi;’ o ' Finally, reduction'of the HF ¢ ncontration to hB%

_
- b

L

2 .

L3
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3. IFg/H,0 in Acetonitrile T

‘Raman- Spactra R - o | o : e

1}

While this work is mainly concerned with the exam-
inetion of fluoro and oxoflucro anions or iodine(V) in HF solutions,

1t wes felt. that an examinetion of the IFS/H 0° system in CHBCN might ::

furnish the Raman spectrum,of IOFu in soluticn,uof particular

v

interest in the elucidatiqn of the spectra of the HIO3 soiutions
in WP, - | o o

-

\I -

4

IF5 reedily diseolves in CHBCN and its Raman spectrum
in this solvent is given in Figure 21, t¥ace A, The characteristic

Raman frequencies of IF_ in the gas liquid and solid5 in addition'
5

iy -

'&' to the spectrum in CH3CN are: Siven in Table XXIII It can be . ‘
Immediately. seen{that the spectrum of IFS in CHBCN differs from . $§

~ kS

thst of the 1iquid or gas pheee spectrum in two respects..Firstly,

=
the- highest frequency bands U U and.Uh are shifted 20 - 30 em -1 ,

from their position in t;eﬁgesﬁﬁﬁsse-spectrum. Secogdly, there is
a8 neticeable change in the ordering of the intensities of U and

b%, the’ former becoming the stronger +in the CH4CN solution. The

observed half-width’6§:U is'Hicm - and;is indicative of a non-

bridging,,IF5 molecule. The half-width reported by Alexander and e

- Beattie58 for the ges phase is 10cm.1 and1+0cm -1 for 1iquid IF’5

r'/’.
P

ST : The shift in frequency of U1, L’ and.Uh can perheps
be rationalized in termscof an IFS.CHBCN adduct, Solid adducts of o
150

IFS with donor solvents such as pyridine have been isolated
and a BrFS.CHBCN adduct is reported151. The increased electron .
density at the nucleus as a result of the adduct formation would

cause a weakening of both the P’ (apical) and‘IF (besel) bonda,‘

¥
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A 1,50 M IFg in CHON. - o - \
‘ 3?:1.66_M‘IF5_and ?.BLM:H2Q‘%nlCHBCN R ”%
C 1.66 M IFS and 1,20 M‘Héo‘in CH3GN
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' TABLE XXIII - -
A

' Raman‘Speétra of IFB

b

se11d (0°)° lLiquid' (20°)°  Gas (1209 -CHBCN. Soln. Mode No.
_'..71.8,hr'n 705 s,pol 710 s,poi‘. 678 vs,po]j' U,! (A1)
7058 m | 697 s,pol o
607 w . l-ca 639 "vw.;sh 63 sh U.‘?'-‘(_E_:)' o
599 m . 598 s,pol | 61y vs,pol 588 's;pol Uz'(A,I) h i
58l m L o 602 sh'h P M\ 568 sh yu(B1)‘
568 s 575 s ) ' L
378 m . 375 m - 370 w “ (37?)d 'b@(él B
330 w - %16.h,pol ‘ 318 m,pol . 319 m,gol : L@(ﬁ;);
277 m - 27 2w | Vg (B,)
202 w ﬁ _1_91 w ca éoo W 3 - Vg(E)
. : o : .
“a?ﬁlexapdeg and Beatt;e;“rngB _ .
b 1.50 ¥ TF, in CH4CN, {'i;his work. *-
c Chv syrmetry assumed for all phases.
~ d Feature obscured by solvent band, o
oy - . ‘ N
v% W ; ‘

. Fid

#
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snd a resultant.feil‘in frequency of the stnetching nodesainvolving
_these‘bonds. ‘ * -
| On addition of H20 to the solution four new bands appaéy
in the Rsman spectrum, see Figure 21, trace B, and all four in-
crease in intensity onufurthur addition of H,0, see Figure 21, . .
trgce C. One of ﬁhese bands, that sﬁ 880/900 cm™' 1lies under a s;;%ens‘
band, but its intensity can be estimated by comparison Hlth the .
golvent bsnds in the solution oﬁ.IFSin CHBCN This band is charscter
istic of an Ip stretch, whereas the band at 735 cm -1. *is character- gr
istic of an I-O0H stretching vibration. The rematning two new bands ©
are in the IF stretching region. All four bands are polarized, the
observed frequencies and their assignment are given in Table XXIV

and are based upen the following considerations;/f’)///\\\ \. ' \

fThe exlistence of IOFu is expected in these solutions:

Klamm and Meinex-t;ZLL observing it on‘addition of Héo to s'solutidn
of IF, in CHBCN.” S .

I

.

21F, *o30 = I0R { + ;ioasa Lt 6 "

A}

-

Hyan and Asprey75 isolated the cesium salt, CsIOFh, from a solution

CN. Th@ﬁﬁ%he band at 880/900'3& is s331gned
=1

of CaF and IFS in CH3

to b’(A ) of the IOFh ionnghis mode occurs at 888 em™ in the

cesium salt.J . B3
| " The remaining bands at 735 and 62& em™ pnesenﬁ'% ncre
‘complex prigﬂem of sssignment since no known oxo specles of iodine .
(V) has Raman bands in this reglon or the spectrum;“The facile

replscement of the apical F 'in ‘I‘eF‘5 to give Te(OH)Fh (see

» . . " . [
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. TABLE XXIV D | |
Raman Spectra of'I'FE- H,0 Sgiut;ions in Acetonitrile . ~N
17, 2 -0 © o Mode No. ..
5 _ 5 72 o - . AN
| ] | ) _ .l : =2
IFg HOIF I0F,”
678 s,pol | 678 's,pol 735 m,pol 890 vbr,pol . Uy (ay)
it . . N _ i
588 vs,pol L u582 vs,pol 624y vs,pol 534 vs,pol UZ(AT‘) ;
-~ 319 m,pol (318) pol  (318) pol - . 'U3(A1)
568 sk ## 568 sh 2. VL‘_(B1) '
2 1.50 ¥ IF, in CHON - o .
’C: 1.66 M IR, .‘I.E'M';Hao-,._. ;
. »,
} A\ L §
- . \-'
g ~ \.



Chepter-IiI), end ale‘o'in'IFS to give IFhOMe .Sh, suggeste the
observed banda are part of the Reman spectrum of HOIFu The band at
735 em” | 1is chnreeterietic of en T 0H streteh and so 1% is - Eﬁ

eesigned tox@{1(A } of HOIFh, the I-OH stretching mode. This species
"will have - a strong Raman}bend L%(A ), the in phaee symmetric (IFh)
.stretching mode. Thus the band at 62l em™' 1s assigned to this
mode, None er'these‘bendsbelongs‘to-HIOéFz.-The absence of both .
IOEF2 and HIOng\iS/;heBe solutions can furthur be seen from the low
strength ofa bend in the 830 - 850 cm -1 region of.. the Spectrum.

- Thus the three bande in the IF-: stretching regicn in the

Raman spectrum of IFS/H 0 in CHBCN, see Figure 21, trece C, are
assigned to the symmetric in phase (IFh) stretching vibrations in
IFS (582 cm71),-HOIFk (621 cm ) ané\FOFu (53h cm ). This eseign-
ment is shown in Table XXIV, - C;T . ’
) The existence of this mode for IOFh eome So.em'1Abelow
that for IF5 is to be expected due to the weakened (IFh) basal bonds
- as a result of the increased steric crowd%pg by the I0 bond com-
pared to the IFa {apical) bone. However, this mode,in_HOIFu.oecurs.
4O em™! above Y, in IFg,and this is surprisin;g,silncé in the iso~
electronic pair TeFS' end‘Te(OH)Fu’ these_symmetripkin phaee (TeFu)
stretches 1lie within 10 em™! “of each other. The observed value
fo?‘L%:pf HDIFu at 62@ em'1 egrees-well eieh the vaiue for this mode
in geeeeus IFS,L61h cm-i, The observed 1erge‘differehce in these

modes in GH3

19 aMr o

- The observed chemical shifts and peak“areas in.the Ip

L

CN is due to the lower value of U, in the adduct IF.CH,CN.
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NﬁR spectrum'of an iFS/ﬁédasolutionin;MecN are‘given in Table .
| XXI. The IF5 doublet and quintet were observed on cooling to 10°, as
.wWas an edditional broad band .The shift of this band is +u@ 2 ppm
_»from CFClB, and since this shift 13 intermediate between the observed
shifte.of_F-on-I and HF, this band must be the result of exchange
‘petween HF and one or more‘fluoroiodate(vi species in solution.

TPy is hydrolysed as follows:. | o
(1) TR+ O o= HOTF, ~ + P
(2y. TP -+ 2H26 = IOF, " + .}130‘“ o+ HF
-xand the Raman spectrum of a solution of IFS and HEO in HeC§.io
the same mole ratios, shows the presence of both IOF ~ and HOIFu

at 25 » Proof that’ reactione (1) and (2) are occuring in the solution
| at 10° comés from thd integretion of the IFS peaks and the exchang-
ing band. The theoretical rat%o o;m;hese signale, IFS : exchanging
peak (H;OFu + HF) can be obtained fgomﬂthe stoiohiometry of the
_solﬁfion, agssuming only reaction (1) is occufring,and this ratio
should be 1 0;82 The observed ratio is 1:0.72, end this‘indicates
some of the wa@er is being protoneted a8 ép reaction (2) above.

_ Furthur cooling of the. solution to -35 results in
the doubling of the IF5 highffield doublet. This situation persists
down to the"freezing‘poiﬁt of the solutiooleé'-SOO. Thg'doubled
IF signal?ieiehoun below, and H repreeenﬁe the direction of -f

field increase.



,.,‘ ‘ " '.122 .

T: -4500 = . T:7OOC -

- These. doublets may be explaineq in two ways. Firstly, Raman

.9

.? spectrosﬁppy‘has shown an addug$ with acetonitrile, IFSqCH CN,
"'exists 1n phese aolutiona at 25°, It 1s-thus. tempting tofangue that _-@
”tha second signals may be due to this adduct which has frozen out |
'of the solution. Secondly, at these lm-;er temperatures some 11?5 ' \\
'ﬂmay have been frozen aut of the solution, and the broader doublet

\‘_is due to this solid phaae IF5
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CHAPTER V |

An Introductory Study of Fluoro end Oxofluoro Species of

Antimony(III) and Selenium(IV)

vy ,.
'

1 Antimony(III) Speciee

X- Ray ‘Powder Photography : : L "

The x-ray powder photograph data for- these two ‘salts is
glven in Teble XXV _The calculated values for the cell parameters

-agree well. with those reported by Bystrom and W,’Llhelm:!.u'3

Vibfetionei'Spectroscopx N R

032SbF§=. ' h

The observed Raman spectrum of CSESbFS‘is given in

B

Figure 22, trace A, angathe frequencies of both the Raman and infra-

Table XXVI, Theee spectra agree well with
29

red spectra are given I\

those reporfed by Downs and Adams 2ics SbF5 with the single

2
exception of the weak peek at uau cm -1 which 1s not obeerved in‘tgie r 
work. The assigmment made in Table . XXVI follows that of Alexender'\
and Beattie58 for the single eryatal Raman spectrum of KzspFS._The

assigmment oflﬁ+(B ) at 371 cm -1 agreee'well with the observed trend:
An., this mode across the isoelectronic series IFS' TeF‘S » 8nd SbF52

(ref 1&0 and - see also Chapter vI) .-
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TABLE XXV

i

I

Cszsts

Cu~K TIrradistion

Intensity

v

10
10

¥
»

H

™ 100
10
50
30
10
i0
20

20
| 30,
A& B 3‘0
10

20
20
10
10

20
10

10

Q}T;\ . 1 0

!
Fo20

L= 20

;‘“; 10

10

STy
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TABLE XXV (Continue&?‘\\g

- KgSbRg

d

4.690

h.270
3.4M
3.231
e 30210
3.123
2.810
2,665
2.600
2.516
2,281

> 2'21"'8 K
1.869 |

1.821
1.722
1.657
, 1.623
e 1,603
1,564

L1

1.427
1,238

Intensity
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G 3.0 M SbFy in water .
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| The ObserVed frequeneigs in the: vibrationel spectrum of
this salt are given in Teble XXVII,.The Haman spectrﬁm is given in
Figure 23, and the infrared spectrum in Figure 2u The assignment
in Teble XXVII is basedq ‘upon the following con51derations. A single

crystal x-ray structure hes- ‘shown the’ SB P 3" jon-in this salt to

. [§
"conslst of two square pyramids shering a corneru

: a ‘2 ST ' ,
€§§:::E§Efg;wg\;f;

N

..

| e l . Y
v The vibrational spectrum of the Sb2F93._1on may be

expected to show some elmllarityto the spectrum of the square

£

_pyreﬂidal SbFS = since tha“immedlate environment about each . entimonys

- A
is similar.;Thus the apiecal. Sb--F‘1 stretohing mode is expected to. _

bé the highest frequency mode since the SbrF1 bond dlstances T1,9u8

8) ere shorter and the~bonds ere etrongerj‘then the-other Sbh-F

bond distances in the jon. The -peak, at 529 em™! is.thqs essigned

o
to this mode; Tﬁe_correSponding mode, U1(A1), in SbFS occurs at
Sh1 em™ . “  . , f.'%_

L R
' The crystel structure reveals the Sb-aF2 bond distances,

L

;where F2 are the fluorines’trans to the. bridge, to be 2 015 R. This

is shorter ‘than the non-bridging basal.bonds Sb-Fh (2 08 ), and

o,

- Co(MH,YgSboFg: l& - T o
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TABLE XXVII . o SR

gy

Reman.and Infrarec £ Cof |
aman . and Infrared sPecpra of Co(ﬁH3)6Sb2F9

T

Ir - :'Ramén‘ ‘ Rpprothssigﬁment--

PN

s/ catien
3150 vs,vbr - . ] o
1625'm,vbf | | i‘ ' - | 1 o ‘  \
130 s N om
840 m,br - Lo 3 ) o

523 ms ) , 52968 | ; © U(sb-Fy),
\ 490 sh _u91.;s?= : lKSbéFE)
| 47 s | s
' " ' U(sﬁ-Fh)' S
| 139 s o
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, | 132 , 1

so the stretcning‘mode for Sb-F, is'expected to be unique; and .
will be higher than either the remaining basal stretches or the
bridging stretch. The pesk at u91 cm -1 ~1s thus assigned to Z/(Sb-F ),

and is considerably higher than the (SbFu) bassl stretches in

'SbF5 , 416 em™'. The remaining pedks in the Sb-F stretoning region.

1

.of the spectrum, 300 - 600 cm ', are tentatively assigned to the

Sb-Fh basal stretches at UL7 and h39 cm 1, and the bridging Sb-F3

‘stretch at 333 em 1. Once again a bridging stretching mode can be-
‘ /

identified from its uniquely low frequency.

No aftempt is msdecto-assign:the deformations.

36lutions

"SbF

Remen Spectra _
| ‘The observed Raman spectrum of a 3 0 M solution of
3 in watsr is given in Fﬂgure 22, trsce C, and the observed
frequencies are recorded in stle XXVIII. |
As- the ratio of F:Sb is increased in the solution by .

the sddition of HF ,. there is little change in the profile of the
pectrum. Dissolution of SbF3 in hB% HF gives the ‘Raman spectrum
shown in Figure 22, tnsce B. The observed frequencies are given in
Table XXVIII. Selts of’the Sbrsz“ ion readily crystallize out of

these solutions7p, and it is surprising thst the Raman spectrum of

SbF.. in 4.8% HF does not show the spectrum of the SbF5 e~ ion. The

3 |
observed spectrum is quite different from ‘that of Ccs SbFS, given‘in

Figure 22, trace A, or the reported Rsman spectrum of - the SbFS

ion in- scetonitrile or nitromethane 9. The frequencies of the

~ * . i
AN : . -
. : :

Yy
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' PABLE XXVIII

Raman Spectra of SBF3 in Solution

BupNSbF, in MeCN.:d 3.0M SbFy in L8% HF.

. \
I

.- e

s
‘\. ‘8, o . _ c . ' )
SBE; SbFa - SRS . SbFaﬁ
Gas Soln, in'HzoP L ., in hB%’HFd
’I”.I -

N " ' /“ o . .
666 s,p -273 3,p 579 s,p . 596 s,p i 597 s,p
63 m  830m ., 550 sh 566 m 545 sh

\ I %;, 450 sh W9 m,p 160 sh
b 425 v 120 vw
- 270 w 285 w,p 275 W
250 m,p 235 wE 250 w,vbr 256 w 240 w
" & ref 153, solution in MeOH, b 3.0 M SbF, in Hy0. c ref 29,

J__'J,..}—' ]
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observed bands_suggest that SbFu is a major constituent of the
solution, see TebIe\EfflII but the width éf the bands observed

o

is 1nd1cat1ve' of & ber of fluorocantipionate{(III) species in -
solution. In addition :j\the\dirriculty in assigning the SbF

stretching freQuencies‘(BOOeéboqpm'1)3 the low intensity of the
remaining'bends, characteristic of SbF‘deformations,‘mekes this
region of the spectrum of little use in the identification of tne

species present Increasing the concentration of Sb(III) to ca. 12M

resulted in difficulty in obteining a good spectrum due to fluores-

cence. -

'“- , There is, however, no evi&ence for either oxofluoro
' LS

species of entimony(III), cheracteristic frequencies 850~ 750 cm 1,
- or hydroxo species, 700-600 em” , judging {rom the observed spectra
- of oxofluoro end hydroxo species of" tellurium(IV) and iodine(v). |
- Returning to the spectrum of SbF3 in waterprigure 22,

trace C, it is perhaps surprising that the Raman spectrum of this

solution should bear such a. close resembence to that of SbFu which

seems to be the major Species in the 482 HF solution, The Raman
spectra of SbF3 in the gas phase and in solution in metha ol are
given in TableXXVIII %long with the observed frequencies of the
agueous solution. The marked difference between the spectra of’ SbF'3
in the ges phass and in solution is evident the highest frequency
peak bein§_666 cm 1,1n “+the former153 and 593 (ref. 153) and 579 %m
in thbé solutions. The: slmilerity of the\solution spectra of SbFB
to. that of Sth is evident frOm Table KXVIII & Figure 22, Perhaps
¢ in these solutions there is dlSSOciation of* SbE3 to other fluoro

.species or entimony(III), for example-"

v
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. : . - | o '+
- 2sbFy = SuR, o+ SbF {OH) "

<

‘éhe'existence-of spéciesrofheqﬂfhan“SbFu" thuldibe_ev;dent fﬁithe

-Bamaﬁ spect#um of SbF in water if such a\@issociationfis in fact .

taking plate. The width of the band,in the §bF'$tretching fegion,

see Figure 22, trace C, is pe?haps‘indicative.of such_s;ecies..
The solution spectrum of_Sb?3 in methanol is also

’

much different frem that of Sbf"3 in thé‘gas<ghasé. Perhaps also
. 14

: . , . A . .
in this case there is some dissociation of SbF3 to either hydroxy

(5 e
or methoxy species of antimony(III).

VR

e
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_2;T§elenium(IV) Species'é o T

‘650 em™ 1 (ref 10h)

Vibrational Spectra ' _ ' = oo ER - —

KSeO,F: | . o o o “.,,//*’fﬂw~

This salt, and the cesium salt. CsSeOEF,'could be prepared

) frem aqueous solutions of ka%pHF and DMSO (see Chapter II), in '

addition to the methods reported by Pastzold and Aurich1g6

The Raman spectrum of KSeO,F is given 1n1ﬁ§gure 25,

trace D, and the observed frequencies for this and the infrared

.spectrum are given. in Table XXIX. The observed spectra agree well

1
with those reported by Paetzold and ‘Aurich 06, with the single

exception of the weak shoulder at_u80 cm 1, which was observed in

pa—

this work. k L , : : | L o x

<

The approximate assignment given in Table XXIX is based %i‘

upon the following considerations, and closely follows that given
in F%ference 106. Two bands are observed in the SeO characteristic
stretching region139, and these are assigned as the symmeﬁric and

asymmetricfgoeo ) stretching modes. The observation of » Just these

. two modes in the SeO stretching region shows the absence of bridging

over oxygen in the ion. There is no evidence of a Se -0- be bond such

a bridge bond occurs in Se0,s and this has an infrared band at ca.‘
TG

1 1 '
The strong ‘band in the infrared spectrum at uuo cm "is

assigned to the SeF stretching mode, and the observed frequency

indicates the SeO P to be polymeric with.fluorine bridges, since )
' 2 \_——/—'. I&
“this stretch {s characteristic of a 1ong€8§’? bond such as a bridg-

" ing bond. -Non bridging SeF vibrations occur-et 500~ 700 cm _ckrefs

66, 153).'The peak at u15-cm -1 is assigned to the (Se02) deformation

o . ) . ) - —

'\)
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TABLE XXIX .

2

”Inf?&?ed Spectra of KSeOLF .=

Raman

Ny

Infrared

R

1

Approx Assigmment
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!
sipce the corresponding mode in HSeOB. occura.et u10‘cm (ref o \\

121, Yo attempt is made to assign the’ other deformations.

-*Solutione CoL e e PR - T

t

\ .
T R U ‘
SeO2 in aqueous HF (O-kB% HF) c y I S \

A

f_ e Raman~speﬂ;rum of a 3 OM solution of SeO2 is given

\.'-

'TH25803 and HSeO3 5 and the gpectra of theee species are included |

in Table XX, The reactions occurlng in solution are121

» ‘? L ,‘Ai . - . w”” ‘ _ - d . \
’ ;. S een . g
_5802 B 1,0 - = -§23393n '

4

-.,i-HéSéq .,j ﬁ‘ i H
. A solution of a simdlar concentration of Seo ih'TO%
HF has the Raman spectrum ehown in Figure 25, trace B. In thie

solution the Raman spectrum has changed 11ttle rom that of the

aqueous solution. However, the band at 690 cm’
' Ry
relative 1ntensity cOmpared to the. band at 890 em”

w1

(P

as inereaeed in

1

;;Fince the higher
frequency band is’ characteristlc 7f;a‘8e0 ,or Se02,' retching modek T

-1 is in the

e-~-0H stretching >eg{on,'thie

B e

'change in: tﬁe Raman spectrum &an be explained as follows. In the

A .

'~acidic solutiod, 10% HF, protonation of‘_g‘.{SeO3 has taken place, and .

a peir ‘of 8302 etretching modes is replaced by one SeO stretch and

?and the band at 690 cm

one Se-OH stretch. : . _“ e Af_- o AR

L2
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HOSeO2A 'm;+ - Hy0 = _(Ho)asBo “.;+ “H0

_The ‘bulk of the solution is thus HESeO£T“Th1& acid Has
-a low dissociation constant K, = 2 ux10 -3 at 25 C (ref«\QS) , o

There is no evidence for any rluoro or oxof luoro

v ~

selenium(IV) species in this solution, sll the bands can be account-

ed for by the spectrum of H Se03, see TablelKXX.
L Dlssolution of SeO2 in 4 8% HF, however, shows bands in

the Remsn spectrum whlch cannot be’ accounted for by H28e0 or the

3
other oxo species HSeO3 snd Seo3 (ref 121, see also ;Eble EXK) W
,This spectrum is shown inﬂﬂlgure 25, trace C, and - the observed frequen—
: c?es are:given 1% stle XXX, The new species 1s an oxofluoro species
of selenium(IV) - since its Rsmsn speotrum hss bsngs character-
-1st1c of both SeO and SeF stretchlng modes (SeO 1950-%50 cm 1, rafs
; 121, 139, ait SeF sop 700 cm 1; rbfs-66, 153). s

-.}- . . There arés two known oxofluoro selenlum(IV) snlons é?
SeézF (ref 106) and SeOF (rof 85). The- Raman spectrum of KSeOZF%
isg gl#en in ?igure 25, trace D, snd(}nspectlon of tbls ftgnreAshows N

the’ spectrum of SeozF. in this salt to bear little resemblance to

the Raman spectrum of the oxoflu\oro selenium(IV) species in hthe 11 8%

-:ﬂ-‘g———_‘. .

E; HF solution. KSeOEF is known to be polymsric, with bridging fluorlnes,_

"and 0 the spectrum of?fhis salt is of 1ittle assistance inathe

elucidstion of* the solutlon spectrum. (KSeO f can be crystallized ; "

-

out;’ of a8 solution or‘SeO2 and KF in hB% HF) -7 /)f?x\

o ' The 19F NMR - spectrum of a solution of Seo2 in hB% HF

b n |>.

Il.l

. ghowed a brosd exchanglng band which collapsed at -60, o

. ‘ s
g - : . : R

-
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* TABLE XXX

2

3803; Hspo

T and Se0, Solwtions . <.

otk

"

‘\rq-'- N

g

¥

HSe0, H.Se0

[}
15

a . a

2 3 -

3
in H

2.0 _,‘t_..

v

3

. in 10% HF

3.0 M Se0, -, 3.0M Se0,

lnﬁ%}ﬁi

Fe

oL 'sh

'.‘890 s - v B9p s.'

690 vs. ; .' '690 vs

S 615 m F - S
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A‘SeO iq More Concentrated HF Solutions (85-100 % HF) > .'iU B

A 3. 0 M Se0, eolution in 100% HF hss the Raman spectrum
shown in Figure 26, trace A “The spectrum of SEDFE is readily
observed in this solution, .and the polsrized spectrum confirme the
assignment of the SeOF2 bands.'The observed frequencies for .this

solution are given in,Table XXXI along with the reported spectrum
" of seoR, 153, '

2 _
: .T;. (y' C In sddition to the spectrum of SeOFz, three other bsnds
.are apperent in the Ramsn spectrum of ! SeO2 in 100% HF. at 950 cm 1 ;
708 em J and 290 em 1:’; , - .‘ | : : w“‘

Dissolution of SeO2 in 85% HE gives the Raman spectrum

'shown ‘in Figure 26, trsce B. In this solution the bsnds due to SeOF,

: to the bsnds at 950' ?08 and 290 om 1. In addition,the shoulder at
'603 cm -1 has’ also increaSed in intensity, snd 30 it must be’ due to

a coincident band in SeOF2 -and the’ other species in solution.

OP these four;neu bands, two of them correspond to the .

bands’ of the OXOfluoro species which is apparent in the 48f HR'

solution.zThe remeining two bands are accounted for - Tollows..The

under the brofd bépd centred at 325 cm -1 in the spectrum of H28e03

(see Table X 1 an&aFigure 25, trste C). Thus little information
de from this bsnd as to the nature of the species in

; can be obtei

solutionL’Tﬂe band at 708 em" 1, however, 1lies in the Se-OH stretching

',region of the spectrum. The (Se-OH)‘Stretches in H28e03 occur atU
e

690 and 61% em” (ref 124). Ehus two explanations are possible for.
o /i . o o o

. are stdll present slthough they have decreesed in intensity relative

band at 290 em/ 1 could 81s0 be present in the L48% HF. solution, 1yingf
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the assignment of the and at ?08 cm - Firstly thls bend msy
be assigned as the Se- OH) stretching modes in H28603' The. Wldth
. of the band in the Sel0 region can also be aco\unted for by the

.ex1stence of this acid in theee solutions, in dddition to the
/ e -

oxofluoro specles. Secondly,,thls band could be due to«the proton-

i . . . oo

- .ated species, HSe02F
‘ ‘ N
\ -- . .,-\ - _ o : = . T - W I
HSe0F _-QHF, T HSeGF . v W
v el . , - . T ,. . "
his is exectlzﬁr anelog;ous to the protonation of 1021?2 in concen- - %

-t eted HF solutiOns. This protonsted species is expected to have _'_
a SeO stretching mode at 900~ 1000 cm,1, and can also explain the
’;D

observdd wtdth of the band. in these solutions. However, the nature

-

of the oxofluoro species nust remain in doubt.” I i '

BT T e .

5, o ’

’..]The 19? NMR spectrum of a solution of SeO2 in 100% HF? ,‘
\showed one peak in addition to that of the sqlvent on- coollng to
.-85%, The observed shift of this. peal{ was -26.6 ppm, and that of.
the - solvent 4178 ppm fr?m CFClB. It was not p0331ble to 1dentify
the peek as being due to SeOF, in the absence of the reported
shift; and the 77Se eetelites (expected signal intenslty 3% of
. F-on-Se peak) were not observed due to a poor signal to noise rstlo..'
However, integration of the observed pesks revealed that 92% oft
~the selenium in solution could be. accounted for. assuming that
”the peek at -26 6 Ppm Was. due to’ Se0F, . - ; A

) . . . . . Lo ey
; - 1 [ |
Yo . . . . . Lo



L xenon, 1od1ne, tellurium, selenium and antimohy in their penul+ /.

CHAPTER VI

LY

Some Observ tione oh the Vibrational Spectra of Fluoro end'0xof1uoro

| )
Sg#ciee of Iodine(V), Tellurium(IV), Selenium(IV) and‘Antimony(III) a0

. ey
- . . . . . .
4 s

The known quare pyramida], Cb‘ svmmetry, species of -

/-

/
'timate valance state are given in Table XXXII, The species enclos—

ed in the _heavy lines have been investigated in this work. /

) . . i . ‘ . 7‘. " . é‘ .
. ' ' ’ . ' ' ' o B
¥ . TABLE XXXII R X / o
- Lk RS I ' . ' Yy, %
. - o ¥ T . G ’
¢ Xemon. . Iodine ~  Tellurium  Selenium. Antimony
. . - » “ L ‘_7. -~ - - "‘:‘:
B + ‘ . A - 2.1
: o TeR " . SeF._’ /| sbp
. XGFSI 7 = .‘ IFS_ . ‘ TeF“E . aFS /"/ s .
K a R . c \
- i - OH)F), " - T =
R _HOIFL,’... 1 Tef )b, T | .
4 XeOF). * - | T0F) | - TeOLF‘ # - I
: 9 TeolF. 2~ | ¥ - SR
XeOF, - V| 105, e0oF 5 : T

v . S [ : .
i+ indisates new species prepared in this .thesis .

Vo ‘ . B
Y | | 1

~

\Insoecticn of this teble shows a number of trends in
isoelecfronic speciesd which can be investlgated in these compounds.:

In this chapter the vibrational %fctra of the varioue speciee‘

l

”are corrslated, and ‘the obeerved trends dlscussed The C, epecies “

v TAD '

2=~ | ¥
‘3xe02F2, IOé 2 s and Te021"2  iar§.gl$0 %?%ﬁuééé'ln-the teele s;nee‘

.?‘,

Fyl



(1) AFE Species (A =1 Té and Sb) ’

2

' above Uz-in all three species,

,(710 cm. 1) through TeF5 (611 em” ) to SbFS

I Y

Four series sre investigated (i} the pentafluoro
species AFSE {11} the AOFh species, (iil) the AXFhE series,
(X = F, OH or 0) and (iv) the AanEE species.

. o
~ ’ .
. '
@
g .

N . The vibrational spectra ‘of" these compounds are well
known29'58 66,140

("

’ nd -all modes fell in frequeney with the deo- -

they provide ‘an interesting isoelectfonio series for investigation.

reas:.ng 0x 1dat10n st’;to of the central atom A. As we move to the left.

in the peri ic chartﬁ’ there "is a decrem in the electronegatlvz.t

" difference \netween A& and fluorlne. The weakenlng of the AF bond

i3 evident rrom the fall in the stretching vibrations 1nvolving

thé%e bonds. Inspeotion of Table XXXIII reveals, for example, the .

smooth decrease in the frequenoy orl/ (A ) as we move from IFE'

2' (522 em” ). This

trend is shown in Figure 27 elong with the‘trends in the other
three stretchlng modes, U (A )y Ull.(B } and U (E). A smooth

trensitlon is observed for all i modes, withﬁﬁ_L epproechingl/

due - to their near 001ncidence) and finslly falling well below U

in SbFsa'l‘. Cl

This figure also shows the A-F/ (apical) bond to be
o T T AP

stronger than the basal bonds, since LQ:;ies almost 100 cm

N

-

Y.

B\

o
i)

A

}

-~ in TGFS (there is. some uncertainty in both of these modes in TeFS

S
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'TABLE XXXIII
e * Comparison of the Spéétralof the Pentafluoro Speciés"
: R " '

o

- : _ - b . 2-¢
c1 M No. - F. 2 o . _
léss ode No I g ,Te?s ‘ :SbFS

« - [

'A1. : _yﬁ°€? . 710 ' 611 - 5@2  7
- Yy *l 616 50l - B A T
1)3 - 318 " 282 T 265 \

B, Ve 26 . e o201
E U, 63 . ‘peb . 380/3h5-

S Ve o . 200 - e o 172

Carﬁef 58 gaséous IFé. b ref 58 KTeFS._ ¢ this work-CSQSbFS"
# modes plotted in Figure 27 I

—— : : ; : |
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' ) i ‘\:\ \/ 3 :
. . .- . . . S N ST o
T ST T R
| (ii) AOFhE Species (A = Xe, I and Te) ‘ 3 - S x\_\\\\ “;‘
. ' o | The three species considerad are, XeOFh, Ith an:d..: T \

TeOF‘hai ’- and the obaervod I‘requanoioa of their vibrational spactra

» are given 1n 'I's.ble xxxIv Inspection of this t.able revaala all _" -

-

. modes fall 1n ﬁ'equency as t}‘e oxidation state and electronegativity

“y :

Q -

of the central atom decreases, and subst\&ntiates thp asiaigmnént or
Lo ?‘Mozm\tions ‘,ln 'I'oOF'h_ ( Ua '>320 cm an 65 < 320 cm }
. ‘ R

and ‘LOFh_ ( Vs >l|.50 an 6‘sr~h5d\ m".

_ ation stata of . A, there is a rall 1n rrequency 1h U (A1) as- -8 resul‘“‘ ‘

a

._‘"With the decreasing oxid-

of the 'Ian&bhaning of the AO bond. A gl:lmila.r trend ia obser\red
i‘or the other tkﬁ'ea\stretching modea U2, V'-l- nnd U 7% HqQVer, ’I‘able | ‘u
\ .
XXXIV showa U ralla ofme\\sapidly than Vh_, coming balow U 1& :

in TeOF,_'_g .. 'I‘hia trend in. te;ese tMa&& 15\ shown in Figure 28

“"--._

and exactly parallala theo behavi‘our ‘of these\two m&as&he S

o isoelecti'dnie pentarluoro specie'
H,
and V oec\u\-a 1n T°F5 o IOFh

.:V‘Tl;o s:lmilarity or the (IFH-) stretching modes ﬁ.n IOFh.

. ,rog o X » A ,“_ . - . . T

IOFu has a Gh structure with tha oxygen 1n thg apical ‘
75 . - - -

.o position, trans to tho lone pair



,

, ‘ 'i‘he ,vizrational spectrum er IF!J» ia conaistent with
| th symmetrx;Sd,-t s sﬁrueturo predicted by VSEPR theory3.:fi,\

R RV

L 5-1,1?. bOtl;l};Of th "!ae;.—iedine ions, 5nd the similarity observed indicates i
o ‘,";-5 LA s -

3 tfestereouh i_b"il]i’ infiﬁ@ii¢§."di‘. a 1“o.n'e _-'pa'ir.i ih Jg%‘ is very

-+ similarto. ,,Qof ﬂhe oxysen in iOFu The doubly ‘bon d-IO bond'
< evid.antly hés. a siu\if': : aive errect upon the ‘basal IF bonds._ - .

':‘

For axamp‘i s, U (5-1) 11! TbPh occ_‘ :,- -'-.‘fcin'_", while the corres-"'
T ponding V (A1) in ﬁ'u_ oeeurs ai: 522 om . -3 \\

. " The é(OIF) in IOFh - fs very close to! 900’ b;;\ixaao w~.f”_
.. r\ {ref 75), and 80. cluarly the gbonetry- of the 'I;wo ions 1}{ very \ T

-

- clo_ ‘ ', rolatad. e oot . ."" .
B < - ' _ ) ’ e
. . o ol a, e e ,
o S ' E .
o : o . . {. o
< i N ; .
| . . '\3 . ' i
i : . - o \ '
- i . ’ \\7 1) - ‘




'I‘AI%LE XXXIV - 7,( e
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COmpariuon or the Fundamental Fraquencies or 04! Species (AOFHE}

. a "
o .
" " N Chal

H=J01qas .'Hode lo.' : XQG , j“;-: TR R

'_ _---—-0---~----—_.._'_
) e —
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_“Cqmpariﬂpn-qf the Fund@penta; Freduenciea_éf.iOFh"'an&;IFL"

153 . LT
TABLE XXXV
o e

¢ rmare ——

4

. .

ooyl

NS

S IoR, =
L

a ) | : -\‘\ e .

Mode(Cp )

v IFh- Approx deacript-

: 533,

. i.

213

Vs(ay)
‘ ‘"V.,(E_)ﬂ-.

Mode (D, )
— h‘h ion of‘ mode
: Kéy'm('lyh) in phase

522 U (A )
U6(E) Uasym(IFh)

\ ' B
. i

.L ‘*‘*3
B U (A1 asym(IFu)

- ‘__27'-.1‘, \ g |

S T umbrelle
h85 o Vu.‘..BT)- ; 1;55) \qu.‘Ba) (5sym(nc"u) out .
o oo R _-:",: _ . -\, of phase =~
c"IOFh thia wor'lc’ (‘ L e
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(111) AXFH_E Species (X= o, s OH 01* 0)

-+ .Comparison of the tel\lurium(IV) iona 'l‘el'-‘5 ’ Te(OH)Fu
and 'I‘eOFh_ ﬁlustnates the errect cr replacing the apical /fluorine 7
."_.in a square mramidal apa&iea with OH and 0. The obaerved frequenciea -
of the vibrational apectra or‘fthese three an:lons are given in Table
- _XIXVI. 'I'he trand& in t_: l;. ctretching medea U ¢A1). V (A1} Uh& ) ._ "“
and U ('E) are ahown &Q Pi ; e 29. Aa F’ (.apical) s rbplaced with\.

U

' -OH and 0, U incrcaaee 1n i‘requency. An increase in rrequency 1a -

. expecte*h\on replaciﬁg F (at: W, 19) with.OH. (mol.wt 17).‘Uﬂing al
simple ‘diatomic model. and the force\q\onstant for the Te-F (apical) }

- bond rrcm refcrence 66, the expected increase was calculated, and It

" ‘waa round to bo lesa than 5%. However, oh- going rrcm 'l'eF5 to - VT : ‘

| Te(OH)Fh_ the ohserved increaae 1n the rreqnency ot U 1s 4%, Thus, . |

"‘ ',.,'this incmaac rrm 611 to 69'? cm -1 must in part be due to the '. S

¥ -

-multiple bcnd nature of ‘the 're--OH bcnd)p

N
]‘

o -"'; j-' '!l'ha of:her stretching ncdcs, U Uh_ aud U ‘a1l 1 olve |
' the basal (Tth_) honds, agd /these benda are expectved g,{@ sensitive
“tq the nature ot the Te-OH and Te=0 bond‘ :m view of -the multiplah ‘

bond-ing_’in the ‘l‘e-oﬂ bond 1nd1cated by the increaae 1n rrequcncy

-"-'in V e the observed rall in U s lass rl;han might be predicted.

1

‘chever, the decrease of 39 cn in U7 clearly rerlects the increased '

-'repulsive errect ofT '.l'e-OH- bond o t?rba%al bonda compared to

the Te-F bond. L D AR ;' T |
'_/ Aa the 'r( OH bond .u replaced with aara*o bond the : T
sharp increna“e in U is’ eviden‘b. Again, the atrctching modea 1nvolving
the baaal bonda rall ofr in rrequency aa a- rcsult of the :lncreased
repulsion of 1/;he doubly bonded oxygen. ’l’his declin is gz_-eai;eat 11;1 -

the aamctric stretching mode,v.?
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ot -

| Thus, because or the doubly bonded TeO bond, the oxygen p .‘
lays a nore domi\nan‘b role 1n the stereochanistry or ‘1‘901",+ t;han
. do tho othor apical liganda,r 1,n !eFS » and OH in Te(OH)Fh . In
| ‘,. thoae two latte,‘a iona the, ot‘fect or the lone valence elec.tron |
| pair predominal);as. __It 1s likely, thererore, that the (OToF) angle
18 openogi up c/ons:lderably rrom the
tho (F TBF\) angle in '1‘an (npf'

value or 78 8 obSBrved for' ‘

). ‘I‘his etrect ha.a bean observed '

L]

ror the Pair XeES ' e().F"4 and /] '5/‘]'2_01?11_ (see Tables I 8: II). The

crystal stmoture of. e.(OH)'F!u ‘should be of po.rticular interest
(\e the (HOTBF) angl will give a def:mite idea of the degree

i the trends qan only be exauined 1n the two modes U1 &nd Va* 'I'he : f'_;:

obsorved rraquencies ror thoao nrodes are given in ‘I'able XIXVII,_ BN

1n rraguenoy in.'the (IFh») smetric in phase ,stretching node » U = _

P AP
'-u‘ -1 'f

Tho mll :I.nerease 1n the. rreqnenh'r of U can ba mostl; accfonnted
L ror by a mass efrect Aflone, and this indicates that/thora is‘ littla
. mnltiple bond ehu'o.oter in/aé I-0H bond N ST - T _ “;;_'

) L
- ."‘. T ' -
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b’ CH,CN }olution. th.ia work

“e CSIOF'L'_, thi?s work o

£ theae nodpar plottod in F'igure 30

e,




““Plot of the Seresoning Peeduenaiss U,
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(iv) AOa aE Species ‘._. .. R L .' ' m

The obaerved rrequené_iea tn the vibrational spectra

. \ | -!
IR u,*s.

‘contiﬁi. .thaﬁas :Lgmant or' thia iom Sincs 1a waa not possible )




aret' 93--- B N B
b 3 0 M HI°3 in '-I-B%"?'HF‘, th:ts aork‘

c;»- S
o e\a\étinmted fropa Ug 4 U9 oombiuat on T
AR these aodea plottod 1n Figure 31
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' GONCLUSIONS

: rationalise the stereochemica]e role of the 1one valenqe electron

. aniqn T602F2 'ﬁ evidence Has been presented indicating seme polgp”4

} merization over oxygen bridges. In this respect tellurium(Iv)

: o “”;‘ﬁ"J:.T‘\’-'J<' '\;ff,':"‘ o
This chapter hae shown.how the ieoeiectronic species .

prepdred and studied in this thesis pan be correlated by comparison
of their vibrational spectra. However,ﬁh chapter I the anomalous

": structures of some hexahalgﬁspecies was reviewed. For example,

both TeCl62 f and TeBr62 are” reported to ‘be ootahedralBu This is
contrary to the predictions of VSEPR theory3. In these few paragrapul' -
thg stereochemistry oﬂ the oxofluoro species prepared and studied i',.{i
in Chapters 11T, IV and V is revieﬂed, and attempte are made to ..c

.1.

pair.

i o | Prior to this study the oxyfluoride chemistry or

teilurium(IV) wae 1itt1e studied. Three new.oxofluoro anions have R
been prepared. Both TeOFu and Te(OH}Fu ane five coordinate, and t s
Teoap2 2= 13 fggr coordinate. The SS 1one valence electroﬂ\pair - .
exerts a stereochemica; inrluence as predicted by VSEPR - theory. L |

q !

greater than five railed The TeF6 ion seemingly cannot exist.. . "

Howeveri:telluriumIVIJ, he highest oxidation state, shows ncof"

ordination numbershtf«up to‘eigﬁt131 ‘pfﬂ' c e L ‘ﬁ;

Thus, tellnrium(IV) in all of its known fluoro and
oxofluoro species follows the predictione of VSEPR theery. ‘In. the

yoal

e

e .

PR

1s eimilar to the isoelectronic iodine(V) species, and uniike L'j;

selenium(IV) whioh ‘has a marked tendency to 'form fluorine bridgee, o

v



" as’ in th case of SeOEF (see chapter V).

.
'tellurium(IV) in many ways, the chemistry of iodine resdmbles that

.of xenon(VI) more than that or tellurium(lv) Iodine is in a- distort-

ed octahedra.l emr:lronment 1n the IF6 ion23 o Such a distortion is

1,3 the pantafluoro ‘speoiesr IF‘S -

lu6r6 . and o)(orllgaro

.‘_"';'oxofluoro specie's_,:[n:,its panultima’ﬁe ox,idat:!.on state.,,‘:AqueouB.HF

L _aolu'l';:lﬂn %o

fspecias. ?ﬁowever, in its rlucsrine chemistry, antimon:y obe'ys the

-"Predictions of VSEPR _theory, the lone valence electron pair baing

stereochemically active in a11 cases. ‘As in the case or teilur\ium

‘ all attempts to increase the coordination number of a‘n‘bimony(III) L

[

t

"“‘-'_*'5_5 unique'._ mon? th alemen‘b‘_ ] studied in tha% there are no knoun -

While the chemistry of iodine(v) resembles that or \ .

-

}_ailed to g;lve qn-y evidence of any- oxdrluoroantimonate(.n)



‘ above five failed. The hexafluoro aniog SbF63- seemingly cennet exist.f
In. fect the ieolation of the bridged Sbal?9 anion illustrates

ﬂ»pentafluoro epecies Snga' .

j-;the reluctaneefor antimony to - increeee 1ts eoordinﬁgidn above tee ) ://

' f .;;\'fer; '}i Selenium(IV) is. the least etudied of all the above-ée
"‘elements. Indeed thie study hes raieed more queefigis then it has
~selved. The fluoro and oxofluono species of selehium(IV) should

‘7H ;revide much—materiel for furthur study. Selenium 1itt1e resembles
.tellurium in its fluorine chemietry For example, Sean and - 7
SeOFa are’both well chardeterized while TeOZF and TeOF2 are’ both
'unknown. Furtherﬁegg‘for tellnrium the higheat fluorinated species

'in 100%HF ie TeFS rwhile in tﬂe eeee or"selenium iﬂ is SeOFE.""

The‘etereochemical inrluence of the 1one valence

' eleetron pairain theffluore and exoflzerb species of eeleniumllv} T 2
1s dlffieult to determlne in the absenite of diwenszty,mf known -
. . C T \._H,.-i s RS qa T h 5 : : - . .
'specles. N P T
] i A
) t
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