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The.Raman spectra of/five bromoselenate(IV)
anions, Seozar‘; SeOBrs~, SeOBry2-, SeBrg~ and SeBrg2~ as
.solids and in soluﬁion are discussed. /ﬁgge\\\for SeBr62‘
none of these anions have beem\eharacterlzed be%ore. Raman
spectra of these ‘compounds are consxstent with models
predlcted by the valence shell eiectren pair repulsion
theof§ (VSEPR), except &n the case of - the SeBrGZ; anion.
'Compdgnee of the pentabromoselenate(lV) ion, SeBrS‘, are
’ shoye to be polymeric as selids and in concentrated solu-
‘tions. The isolated SeBrg~ aniep isAeeen only in dilute
"solutions in acetonitrile. Evidence‘is given for‘the decom-
position of the SeBrg~-ion to SeBry and Br3™ in acetonitrile
solution.

The Raman spectra’of solutions of selenium dioxide
in hydrobromic ecid indicate the presence of HoSe03, SeOBrj,
SeBrg~ and SeBrsz‘.' The equilibrium constant for the

equilibrium:
Ho5e03 +'2HBr = Se0OBrjp + 2H70

has been evaluated.
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INTRODUCTION .

Since thé early‘days when seienium was‘reacted-
with elemental halbgenl, the reactivity and stereochemistry’
of the halo-complexes'formeq has become an aréa of much
interést.; In ﬁoSt of theée complexes, selenium is found t§
be in-its penultimate.valehce state, having a nqn—bbnding-
lone-pair of electrons. Their-structufes can be predicted
by use of the-Valence Shell Eiéctron ?air Repulsion (VSEPR)
theory of Gilléspie2 with a good degree of cerﬁainty,

“although wibrational éﬁd crystallographic techniques have
ptoduced a somewhat clearer picture as to the poéitions'of
the ligands, including ‘the 452 lone”pair, around selenium.’

This introductory chabtgr reviews the halo and-
oxyhalo speciés of selenium in its penultimatg valence
state. These complexes will be diséussed in the order of
thé'extenp of halogenation. Therefore, hallo complexes of
selenium 8ioxide will be dealt Qith first and hexahalosele—.
nates(1V) will’be seen near the end. The cémplexes quHéd
when SeO; is dissolved in yarioushhydroha;ic acids will alsé

«:be discussed, at the concdlusion of this short review. The
complexes studied in the vpresent work will appear‘ih Ehe

same order.



Monchalo- and Dihanselehahe(IV) complexes:

Paetzold and Aurich3 reported the synthesis of
KtSe0,F~ and recorded its infra-red aﬁd Raman spectra.
Later séudies of the monoiluoroselenate(IV) anion4i5,
Se0,F~, with different counter «cations ranging -from
pbéassium through to quaﬁernary ammonium cations, show that
the ion is isolated and has Cg symmetry ; conforming with a
pyramidal structure. The further fluorination of 5eQ,FT to
Se0,F72~ was also studied? and although a mixture of KSesz
and KpSeGgaFjp was identiiied rather than the pure salt, the
Raman spectrum of the mixture was consistent wiéh SeQyFy2-
having a Cp, structure similar to tﬁe isoelectronic speéiés
Cl0pF,~ 8, 10,F5~ 7 and TeO,F52~ 8, with the lone péi? and
the oxygen atoms occupying equatorial positions of a
trigonal bipyramid. _-

Complex formation between selenium dioxide and
halide in dimethylsulfoxide (DMSO) has been studied by UV
and visible spectroscopy9 and indicates that in the
equilibrium,

- 5e0y + X7 = Se0,.X~ (X =Cl, Br, I)
SeQp acts as adhard Lewis acid: Fér Se05.X~ the chloride
species is geported to be the most stablé‘and the iodide the

least. The $e0,Cl~ ion has been studied in detaill0 and



found, via Raman spectroscopy, to be monomeric and have Cs.
symmetry. Further addition of Cl7 to a solution of Se0,Cl”
ion in acetonitrile (MeCN) up to 2:l t1-/Se0y gives no

?

change in the Raman spectrum and shows that nd conplex ion

other than Se0,Cl~ is formed in MeCN solution. :

Seleninyl halides ' -

Selenlnyl fluoride, éeOFz, is known to be1
monomerlc in the gas phasell, however Raman spectra of
SeOF 12~ 14 show that there are frequency shifts and some .
major relative intensity effects between the spectra of'the
gas and the liquid. These are not sufficiently great to
assume the presence of discrete polymeric'speq;ge—éﬂ the
liquid. The sbectra of both the liquid and the .gas suggest
a pyramidal structure, as would be predicted from VSEPR
theory, since these agree with a species of Cg symmetry.
The solid spectrum is somewhat more complex due to a large
degree of intermolecular interaction. 'The crystal structure
of SeOF2 at —35°Cl5 displays a structure consisting of _
pyramidal SeOF; units lirked together by oxygen and fluoride.
bridges.

The Raman spectra of the gaseous, liquid ae? solid
<

oxychloride of selenium, SeOClp, as well as oi:a CCly

solution have been studiedl3,16-18, The spectra indicate

associated molecules in the liquid and strong intermolecular

[



interactions in the solid:“Monomeric molecules have been
found ‘in the Qapor and in dilute solutions. Again, the
holeculé can bé approximated as having Cg symme%;y both in
the gas and liquid phaée as well as "in dilute solut}ons.
The Raman spectra of solid and molten SeOBr; as
well as of a CCly solution have begﬁ recordedl? and indicate
associatéd molecules in the molteﬁ state and relatively -
strbng iptermbleculaf ingeractions in the solfd. ’Monoﬁeric
‘pyramidal‘molécyles are present in a CCly solution.
-As in the cagé of géseous and liquid_SeOFz,

gaseéus and liquid SeQCl, and molten SeOBrz.the‘Ramén~

spectra indicate pyramidal molecules having Cg symmetgi. In
liquid 5e0Cl, and molten SeOBr, the associated molecules can
be Ehought of as Se0X; (X = Cl, Br) units having the central

atom acting as an electron acceptor and the neighbouring

5e0Xy unit as being an electron donor, as shown below.
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Oxotri—- and Oxotetrahaloselenate(IV) complexes:

[}

"paetzold and Aurich20 have prepared and characte-
rized KSeOF3 and they have shown that the SeOF3"ioﬁ has a
trigonal bipyramidal structure,“which is consistent with the
'vibrqtiona; spectrum and the VSEPR model. Two of the
fluorihes are axial while the remaining %hree positidns are
occupied by the ‘oxygen atom, the lone pair and the third

“fluorine atom..

The éhloro—anions derived. from SeOClz show aﬁ

A
vo

intriguing range of stereochemistrié;. The 1l:1 complex gf
KCl and 5e0Cl,, which was first.prepared by Wise2l ang iater
formilated as K[SeOCl3] by Jackson and Smith2?2 has been
studied by ﬁaman,spectroscopy20. The spectrum was assignéﬂ
for KSeOCly a;suming monomeric trigoﬁal'biéyramidalJSeOCl3‘
units, However, a more ;ecent spectrosco;ic study of the
oxotrichloroselenat‘;(IV)'anionlO indicates that for KSeOCljy,
the greater complexity of the Raman, spectrum and the large
shifts in some o£ the vibrational AZdes'compared to spectra
of the same anion with larger ceounter cétions, anion
bridging occurs. This bridging prdbably occurs over chlo- -
ride but alsc over oxygeﬁ, as in the case of'the adducts

5e0Cly. SbCls 28 and 2Se0Cly. SnCly 29 where the oxygen

atoms complete the octahedra around Shb and Sn.
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Corde523 has shown that thqre are essentially
infinite chains of Se0Cl) molecules linked by Cl~ bridges in
8- hydroxyquinolinium oxotrichloroselenate(IV). In this

case, the anion consists of a distorted sguare pyramid about

‘selenium. Each selenium is surrounded by one oxygen and five

chlorine gtoms. The selenium oxygen bond distance,of_ﬁﬁﬁﬁi.
is equal to Ehat found in the 1:2 ‘addition compound o£:‘ J
seleninyl chloride and pyridineZ4 and_is cpmparabie‘fé the
selénidm—oxygen distance in Se0OClj;, determined via electron in;
diffraction?> éo be 1.618. The five selenium-chlorine )
distances vary considerably; two of thesé, 2.23 and 2?273;
are similat to values found by McCullouthG,27 for a number
of selenium—chlorine compounds} - Two other cHloriné atoms, at
"2.96 andh2.99&, are almost exactly eguidistant between two

selenium atoms. The fifth chlorine neighbor of each selenium

. - o
'is at a distance of 3.3A, slightly shorter than the sums of

" the non-bonding radii, 3.8%. -If the distances of 2.96& and

2.99%;are considered too- long to be covalent bonds, they can-
be interpreted as some type of ionidipole a;sociation where
the compound would be best described by the formula
RH"'—‘ Cl™.Se0Cly. ‘ - | |

The recent study on the Se0Cli~ ionll also shows

that in the case of the tetraethylammonium and tetrapheny-

larsonium compounds, Et4NSeOCljy and PhygAsSeOClj respectively,
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rthé spectra are very similar tgaeach oﬁher and to SeO0Cl3™ in
édetonitrile. The presence here of an isolated SeOCl3™ ion
is confirmed and this anion has Cg symmetry, as previogsly
suggested by Paetzold and” Aurich20 for KSeOCljy, with the
trigonal bipyramidal coordination aroundhselenium. 8-Hydro-
xyguinolinium oxotrichloroselenate(IV), C9H8N0+Seoci3",
exgibits'weak chloride bridging and its spectrum is that of
Se0Cl, units modérately perturbed by the chloride bridges.

The polymeric nature of some of these compounds
suggests that the Se0Cl3™ ion should.readily accept a
chloride ion to give the Se0C142~ ion. Cordes and Bi-Cheng
Wang3O prepared the dipyridinium salt of this ion and studied
its crystal structure. C10H8N2ﬁ22+ SeOCl42i, dipyridi-
nium(II) oxotetrachloroselenate(IV) also contains five co-
ordinate selenium. Selenium-chlorine distances vary from
2.244 to 2.998. The four Se—Cl bonds in each Se0Clz2~ unit
can be grouped into three categories; bonds of 3.03 which can
be characterized as some t?pe of ion dipole association,
those of 2.243, normal single bonds, and bonds of inter-
mediate distance, 2.53. Thus the anion is best approximated
as trigonal bipyramidal SeOCl3‘ ions, each with a distant

weakly. bonded chloride anion.
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The’ oxotetrafluorotellurate(IV) anion, TeOF42‘ 8,
which I;‘Esoelgctronic in valenhce electrons with the Se6C142‘
ion, has a discrete square-pyramidal structure with the
oxygén occupying the axial position. Thelkaman spectra of
(Et4N) o SeOCly and (PhyAs)p Se0Cly and (EtyN)p SeOCly in
acetonitrile3l are very similar to each other and very
differént from that of the SeOCl3~ ion. These complexes
display discrete SeOC142‘ ions having Cy4y symmetry, where the
square-pyramid around selenium has the oxygen occupying the
axial position trans to the lone electron pair.

There is no report of the analogous SeOF42~ ion in

the literature.

Pénta— énd hexahaloselenaté(IV) COmplexes{

h The reaction of liquid—SeF4 with an alkali metal
fluoride gives salts of the SeFg~ ionll. Christe32 has
observed the vibrational spectra of ésSeF5, finding the
results: consistent with the anion having C4y symmetry. Raman
spectra of pentachloroselenate(IV) cﬁﬁplexeslo indicate that
the SeClg™ ion also has Cy4y symmetry.

Seel and Massat33 have reported the isolation of
the nitrosonium sait of the hexaflucroselenate(IV) icn,
(NO),SeFg. However, 'in the reaction of NOF with SeFy,

Aynsley et 2134 succeeded only in preparing the pentafluoro

species (NOj)SeF5. Salts of the hexachloro and hexabromose-



lenate(IV) ions, SeCl62“ and SeBrGZ‘, have been isolated by a
number of .authors. Hendra and Jovic35 have studied the
vibrational spectra of some of these compounds and have found
‘them to have octahedral symmetry. A later study on the
SeC162‘ ion via Raman spectroscopy¥0 suéports this conclu-
sion. A crystal structure detefmination on KzseCiG 36 has
also shown the anion to be a regular octahedron. Greenwood
and Straughaﬁ37 came to this same conclusion in studying
metal-halogen vibrations of simple octahedral ions containing
sélenium and tellurium. Integligand repulsions are suffi-
ciently strohg to overcgbme the stereochemiqal effectrof the
lone electron pair ﬁhe case of SeClg?~ and SeBrg2-.
K. J. Wynne38 has st\died the factors involved in the stereo-
chemistry of AXgE systems (A=Sb, Bij Se,.Te; X=Cl—, Br—;
E=lone pair) and explains the stereochemicaily inactive lone
pair using the theory of/hard and soft acids and bases (HSAB)
proposed -by Pearson39. (iynne considers two empirical rules
concerning the stereochemistry of AXgE systems;
(1) Only the hardest donors (O,F) generally lead to the
stereochemical activity of the lone pair.
(2) Soft donors generally lead té a stereochemically inert

Y
lone pair.
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Complexes of Se(IV) in Hydrohalic acid: -

The behaviour of Se(IV){ in aqueous.HF40 and
1Cc135,41,42 nas been studied by Raman spectroscopy. In
aqueous HF, the major components at high HF conc¢entrations
were found to be SeOF and HSe02F43. Similarly in agqueous
HC1l {(up to l2.tip) the following equilibrium occurs;

H>Se03 4 2HCL = SeOCls + 2H0
A solution of SeOp in HClaq saturated with HClg at 0°C (15M)
indicates lérgely the presence of SeClg~ due to the principal
reaction occurring in this solution; |

IJHC1 + Se0Cly = H30* + SeClg”
In this éolution, the presence of some hexachlofoselenate(IV)
ion, SeClsz‘, cannot be ruled out completely.

By the use of Raman spectroscopy Futekov and

Specker44 have reported that when selenious acid reacts with

concentrated hydrobromic acid (7-8M), SeOBr,, possibly as a -

dihydrate, is pfesent as a reaction product. At higher
concentrations, however, the equilibrium shifts towards
HoSeBrg. Hendra and Jovic3® have done a similar study and
discuss the results in terms of an equilibrium between SeBrg~
and SeBrGZ‘ at high HBr concentrations;

" SeBrg~ + Br~ = SeBrgl-

e pe———
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j\ The ghemistfy of Selenium-Bromine systems has not
begn'studieé extensively. Therefore, as part of the con-
tinuation of the research involving Se(IV) and its halo com-
plexes, a number of bromoéelenate(;V) complexes were pre- —_—

pared and their spectra in MeCN were used to identify "anions [

present in -the Se(IV)/HBraq system.



EXPERIMENTAL

1. Materials - ) : a e
Selenium dioxide (Alfa), tetramethylammonium

bromide (Aldrich), 'tetraethylammonium bromide (Aldrich) and

.tetfaphenylstibonium bromide (Alfa) were dried overnight on a

-
-

vacuum line before use. Tetra-n-butylammonium bromide
{Aldrich) was recrystallized from a 3:1 mixture of ethyl’
acetate: ethyl ether45 and stored in a vacuum desiccator over
P,05.
Acetonitrile (Fisher) was dried by refluxing ovér
p,05 followed by distillation (B.Pt.81-82°C)
Séleninyl chloride (J.T. Baker, analyzed) was ﬁsed
after a'single vacuum distillation.
Seleninyl bromige was pfépared according to
Lenher46 and was purified by subliming onto a cold finger at
0°C under .vacuo. Bright yellow crystals of SeOBr, were
obtained.
Analysis. Calculated for SeOBrj: Br, 62.73% Found: 62.43%.
Selenium tq;rabromide was prepared according to
érauer47.
) Analysis. Calculated for SeBry: Br, 80.19% found: 80.3%.
All maﬁerials were stored "in a dry box.

Both hydrobromic and perchloric acids were

standardized befofe_use.



2. Chemical Analyses

o Bromide anal&ses wére done by the Volhard method.
Selenium was determined iodometrically while carbon, hydrcaen
and nitroéen analyses were obtained from Canadian Micro-
analytical Service Limited.

3. Raman Spectra

Raman Spectra were recorded using a Jobin—Yvoﬁ
grating monochromator in conjunction with PAR photon
counting. Most spectra were excited with a Control Laser °
argon ion laser, using the 514.5nm line for both solids ana
solutions. Slit widths gave resolutions of 6-9 cm~ ! for
solid samples and 11 cm~! for solutions at 500 cm~l. Spectra
were calibrated by means of the argon lines present when the
spike filter was not used. Low wattages were uséa for the
solids (100-350mw) to avoid decomposition of the sample. The
spectra of Me4N5eOBr3, n-BuyNSeOBr3, (n-BugN), SeOBryg,
(Me4N)o SeOBry, the pentabromoselenates{IV} and the hexa-
bromoselenates (IV) wefe taken using a Spectra Physics 125A
He/Ne laser. The 632.8nm line was used and ghe spectra were
calibrated by méansgpf ihe Ne lines present whén the spike
filter was not usegﬁ Slit widths gave resolutions of 3«4 cem—1

for solid samp}es and Sem~!l for solutions at 500 ;m‘l. all
samples wegg/éontained in pyrex melting point tubes. In the
case of solution spectra, saturated solutions in MeCN were

used.



- 14 -

For the solutions of SeO; in HBraq-the Raman
spectra were taken using the He/Ne laser at 632.8 nm. The

resolution for these spectra was the same as for the MeCN

-

solutions. The spectra were taken in 1 cm péth length cells
designed for fluorescence spectroscopy which were held in a
water-jacketed aluminium holder maintained at 25°C. . All
spectral intensities were normalized by comparisbn to
perchloric acid solutions which werévrun after each selenium
digoxide - hydrobromic acid solution. The normalizatién
assumption was that the 925 cm~l band of pérchloric acid for
a 1M solution (?1)'had an area intensity'of 1 in2

(6.45 cm?). A plot of the intensity of the 925 cem~l band
against concentration was shown to be linear up to 5.7GM
HC104 (Fig.l4). Peak intensities~were measured with a Hruden
planimeter. Slit width, time constant, laser bower, photon
counting rate, écan réfe, and sample position wete held

constant for each series of runs. o

4, Preparation of the Compounds

Al)l preparations were carried out in a dry box
except for those crystallized from aqueous solution.
Ph4SbSe0)Br: Tetraphenylstibonium monobromoselénate(IV)‘was
prepared by dissolvinglstoichiometric amounts of PhySbBr and

Se05 in a minimum amou&gmof MeCN according to

MBr + Se0p = MSeO3Br



\\The soldtion-was cooled over dry ice, f&ltered and the light
yellow-crystals of PhySbSeOyBr were pumped dry.
Analysis. Calculated for PhySbhSeOBr: C, 46.45%. H, 3.25%.
Se, 12.72%. ?r, 12.87%. Pound: C, 46.25%, H, 3.25%.
Se, 13.33%. Br, 13.25%. '

n-BuyNSeOyBr: Tetra-n-butylammonium nonobromeoselenate (IV)

4

was considerably more 'soluble in MeCN than PhyS$bSe0;Br. It
was prepared by dissolving stoichiometric amounts of n~BuyNBr
gnd Se03 in a minimum amount of MeCN and pumping to dryness.
A bright yellow compound, n-BuyNSeO,Br, was obtained:l
: MSéOBré: Tetramethylammonium, tetraethyléﬁhonium and tetra-
phenylstibonium oxotribromoselenates (IV) were all prepared by
dissolving 1l:1 mixtures of the bromide and Se0Br, in a mini- -
mum amount of MeCN, crystallizing over dry ice, filtering and
punping dry. '
MBr + SeOBr) = MSeOBrij
Analysis. Calculated for MeygNSeOBrs: C, 11.75%. H, 2.96%.
N, 3.42%. Br, 58.63%. Pound: C, 11.60%. H, 2.60%. N, 3.46%,
Br, 59.06%. Calculated for EtyNSeOBr3: C, 20.66%. H, 4.33%.
N, 3.01%. Se, 16.98%. Br, 51.56%. Found: C, 20.42%.
H, 4.01%. N, 2.90%. Se, 16.77%. Br, 51.47%. Calculated for’
Ph4SbSeOBr3: C, 37.71%. H, 2.64%. Br, 31.36%. Found:

¢, 35.87%. H, 2.25%. Br, 30.95%.
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Tetra-n-butylammonium oxctribromoselenate (IV) was
-very soiqbie-in'MeCN. It was prepared b& dissolving a 1l:l
mixture of n-BugNBr and SeOBrj in MeCN and pumping to
dryness.
" | Tetraethylammonium oxotribromqfelenate(IV) was also
prepared from an aqueous hydrobromic acid'solution. In the
attemptéd preparation of Et4NéeBr5 ﬁrom agqueous solution,
“HBrag (4 moles)‘was added to a 1:1 mixture of EtyNBr: SeQp. -
An orange pFecipitate formed which was immediaﬁely'dissolvéd
in .a minimum amount of H,0, heated slightly, and placed over
ice for crystallization. The ?ellow product obtained was
filtered and pumped to dryness. The product was EgéNSeOBrB,
ac;ording to ' )
MBr + Se0s* + 2HBr = MSeOBrjy + H30
M,5e0Bry: Tetra—n—butylammoniﬁm oxotetrabromoselenate (IV)
was prepared by dissol&ing a 2:1 mixture of n-BuyNBr and
Se0Br, in MeCN. A yellow compound was obtained upon pumping
to dryness. |
Tetramethy lammonium oxotetrabromoselenate(IV) was
prepared by mixing stoichiometric amounts of MeyNBr, SeOp and
concentrated HBr 4. Evaporating over P,0g yiglded the
yellow—orange (MeyN),S5e0OBry,.

2MBr + SeOj + 2HBr = MpS8eOBry + HO
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Anélisis. Calculated for (Me4N)ZSeOBr;; C, 17.05%. H, 4.29%.
N, 4.97%. Br, 56.785. Found: C, 16.82%. H, 4.17%. N, 4.17%.
Br, 56.87¢. |

MSeBrg: Tetra—n—buﬁylammonium and tetramethylammonium pen&a—

bromoselenates(IV) were prepared by dissolving l:1 mole

ratios of the brom;de.and SeBry in a minimum amount of MeCN.
" The solqtions were plaped over dry ice and the'produc;s which
crystalliged were filﬁereq and pumped to dryness in the dry

box.

Analysis. Calculated fof n—Bu4NSéBr5: C, 26.25%. H, 5.03%;
N, 1.94%..Se, 10.95%. Br, 55.41%. Féund: C, 27.09%. H, 5.27%.
N, 1.92%. Se, 10.94%. Br, 55.67%.‘

Calculated for MegNSeBrg: Br, 72.3%. Found: 71.98%.

MpSeBrg: Caesium hexabromoselenate(IV) was prepared by
adding a stoichiometric amount of Cs;CO3 (in excess HBrgg) to
.a saturated solution of SeQ; in HBrygq. The orange product
which precipitated was filtered and pumped to.dryness in, a
vacuum desicsator over P50g.

Tetraethylammonium hexabromoselenate(IV) was
prepared by dissolving a 2:1 mixture of Et4NBr and SeB£4 in
MeCN, The dark orange product was crystallized over dry ice
and let to dry in the dry box.

Analysis. Calculated for CsjySeBrg: Br, 57.48%. Found:

58.17%. —

Calculated for (EtyN), SeBrg: Br, 58.54%. Found: 58.02%.
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RgSULTS AND DISCUSSION

OXOBROMO COMPLEXES OF SELENIUM(IV)

The monobromoselenate(IV) anion, SeO;Br~

. * -
Selenium dioxide is known to:.be polymeric48 and

insoluble in MeCN. However, it dissolves in th;s solvent in
S T S :
the presence of some soluble ionic bromide, according to:
Se0; + Br~ = SeDpBr~
MeCNa\
-

In this way, it behaves much like the corresponding fluo-

rides4,5 and chlorideslO. :

u

The Raman spectra of PhySbSe0;Br,n-BugNSeOyBr and
Se0)Br™ in solutioﬁ are listed- along with the assignment, in
Table I. The spectra of n-BuygNSeO;Br and‘SeOéBr‘ in solution
are shown in Figure 1. The Se0sBr~ion is expected to have Cg

symmetry and six normal modes (I1= 47" + 2A").

Of these, the four A' modes will be polarized..AThe Raman
spectrum 6f Se0oBr~ in MeCN indicates three polarized modes
at 139,249 gnd 888 cm~l. The highest frequency band is
readily assigned to the symmetric S5e0j; stretching vibration

Vi{(a'). The lowest freguency and highest intensity band at
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"139”cm'l‘{s®assigned to the SeBr stretching mode,_ Vo(A').
Thgre are two remaining polarized bands but only one is seen
in solution. .Both of these bands are symmetric deforma-
tions. Of these deformations, tﬁgﬁgymﬁetric Se0, deforma-
tion, | ¥3(A'}, is expected to have the highestrfrequency.
Thereforé, the lower frequency band at 249 cem~1 is assigned
to - V4(A'), the symmetric SEOBr deformation. The symmetric
SeO; deformation is seen in both solids at 396 cm~l for
Ph4SbSeOéBr-and 379 cm™l for n-BuyNSeO,Br. Of the two .
remaining modes, the highest frequency one, 814 em~! in
Ph4Se09Br, is assigned to the antisymmetric SeQ; stretching
vibration, ¥5(A"). The last vibrational mode, 169 cm—1 in‘
n-BugNSeO;Br and 172 cm™l in PhsSbSe0;Br, is assigned to the
antisymmetric SeOBr deformation, Vg(A"). All lowerwfre—-
quency bands in the sélid spectra are due to lattice vibra-
tions. This assi;nment is supported by the great similarity
in the vibrational spectrum of SeozBr; to those of Se0,Cl~ 10
a;d SeOyF~ 5, |

The shift to lower frequency of the symmetric and
antisymmetric Se0, stretching modes in PhySbSeO,Br and the
difference in the inteﬂsities of thesg.modes compared to what

is observed in solution is an indication that there is pro-

bably some oxygen bridging present.
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Table I. Raman spectra of the SeOsBr~ anion.

- ~ . -

Ph4SbSe04Br nfBudNSeoéBr Se05Br~ in . Assignment
MeCNE& Mode No. Descriétion

66(4) .- | - ) -

. . ) Lattice Modes

83(10) - N \ -

- 144(10) 139(10,5)  V(A')  Vg(SeBr) .
172(9,br) 169 (1,sh) - . vgla")  Bag(SeoBr)
214(6) 253(1) - 249(1,p)  ¥(a') - Bgl(sednr)’
3960) 1379(0) - v3(aly S (se0y)

'/’;?4(1) - - - Ve(a")  Vag(Se0s)
864(3) 882(2) 888 (6,p) V(B')  Vg(SeOy)

!

a. n-BuyNSeQyBr



Figure 1

Raman Spectra of n-BugNSeOpBr’

-~
W

A in acetonitrile

B solid
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Solutions of Br~: Se0, up to 4:1 mole ratio in MéCN
showed no change in the ﬁaman spectrum of the anion compared
po a solutioh whiéh is 1l:1 bromide to séoz. Apparently, the
formation constant of the dibromoselenate(IV) anion is very
small compared to the monobromoselenate{IV) anionl0, wasif
and Salama” have shown, via UV spectroscopy, that Se05, which
is soluble in dimethyl sulfoxide (DMSO}, forms a l:1 complex
with halide ion in DMSO. According to their stability cons-
tant, a 1M SeO-Br~ solution in DMSO is approximately 25%
dissociated. ho evidence of dissociation of the SeOj)Br™ion
in MeCN has been found. This can be seen by the Raman
spectrum and the absence of Se0j3, which is insoluble in MeéN.

Wasif and Salama® have concluded that Se0, acts as
a hard Lewis ac¢id and the stability of the %eozx‘ species 1is

as follows;
Se09F~ ™> 8e05Cl™ > SeO3Br~

which is also the order of decreasing halide: base hard-
ness38,39._ This behaviour is reflected in the ease of
prepayation of the monofluoroselenate(IV) anion® with small
cations such as K'¥ and Cs* and the preparation of the mono-
Chlgroselenate(IV) anionl0 with Me4Nt as cation compared to
the limited capability of preparing the monobromoselenate(IV)
complexes with such small cations. The attempted preparation
of the monobromoselenate(IV) complexes with Cs*t, EtgN?t and

Mey4N* yielded SeO, and the simple bromide upon cooling.



Seleninyl Bromide, S5eQBr-

The Raman spectrum of SeOBrs has been reported by
two groups. The spectrgm of Futekov and Specker44 which has
been partially assiéned, has two bands, at 172 em~1 and
310 cm‘l_which do not appear in the spectrum of Se0Br, in the
present work nor in that of Brockner and Demiraylg. ?he |
present results; shown in T§ble II and Fig. 2, agree well
with thoée of Broékner and Demiray although there are signi-
ficant differences in the solid spectra. The spectrum they
reported was taken at -196°C compared to 25°C for the present
study. The differences are due, no doubt;_to some phase
change occurring between these two temperatures.

‘Only 5 of the § expected bands ( Ité; 45" + 2ZAM)
appear in the li'quidl9 and solution speptra (Fig. 2). ‘Since
two strongly polarized bands appear between 255 and 300 cm~!
and it is somewhat uncertain which is due to the symmetric
SeBr stretch, V;(A') and which is the symmetric SeOBr
deformation V3(A'), a complete assignment of the SeOBrj
spectrum ié difficult. The highest and lowest frequency
bands in the sclution spectrum, 955 and 90 cm~1l, both of
whichAare polarized, are readily assigned to VY (A'}), the Se0
stretch and Vh(A') the SeBrj deformation. The two remaining
pcelarized modes belong to V,(A') and V3(A'}, Consideration

of the SeOX symmetric deformations (¥3) in the spectra of
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Table II. BSolid and solution Raman spectra of seleninyl
_ _ et
bromide,
SeOBr; at SeOBr» Assignment
.25°C in MeCN Mode No. Description
97(10) 90(7,p) Va(a') 8S(SeBrg)
200(7) 194(2,dp) - Vo (A"} SaS(SeOBr)
222(10) 3 218(10,p) V3(A'") SS(SeOBr)
265(5) - Ve(a") VY 5(SeBrj)
282(5,sh)
279(9,p) Vy(Al') YV (SeBry)
292(7)
I ety
883(3)
955(2,p) Vi(a") Y(se0)

902(4)




Figure 2

¢
Raman spectra of SeOBrj
A 1in acetonitrile

B solid
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- 5e0F,12,14 ang seocl,13,16-18 shows that there is little
.change in frequency with change in mass of X (Fig. 3) and a
frequericy -for SeOBr,; can be quite reliably estimated té be
200 cm=1l. fThe SeOBr symmetric deformation is thus assigned
to the mode at 218 cm~™l. The SeBr symmetric stretch,

Vo(a'y, }s expected to be at higher frequency than ¥3(A'}),
from comparison df Se0F 9 and-SeOClz liquid spectra, therefore
the band at 279 cm™! is assigned to ¥5(A'). This is sup-
ported by the fact that in the spectrum of'SeOBr2'in MeCN,
the degree of polarization of the lower of the two bands is
greatér which 1s the expected situation judging from the
spectrum of SeOCl, 41, The two remaining -bands to he
assigned are A" modes, aﬁ SeBr antisymmetric stretch,

V5(A"), and an SeOBr antisymmetric deformation, D%(A").

'Oniy one depolarized band, at 194 cm~1, is observed in the
solution spectrum of SeOBr, but Fhe sixth vibrational mode is
observed in the solid spectrum at 265 cm~ 1. This band is
evidently masked in the solution spectfum by the stronger
V5(A') band at 279 cm~l. The two SeX stretching modes, A’
and A", and the twd Se0X deformations, a159 A' and A", make
up two closely spaced pairs of bands in the case of liquid
Se0Cl, and SeOFj;. The two A" .modes for Se0OBr, are assigned
-consistent with this. Thus the band at 194 em~l is assigned
to VS(A"f, the antisymmetric SeOBr deformation mode, and the

hidden band lying under the envelope at 279 em~1l is assigned



- 26 a -

Figure 3

Plot of stretching frequencies

vy and Y3 in SeOX; species

------
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to pg(A"), the antisymmetric SeBr stretching vibration. It
should be noted that this assignment resembles that of
Futekov and Specker44, which has the SeBr stretcﬁing modes at
higher frequency than the SeOBr‘qeformations. The complete
éssignment is giveﬁ in Table II.

Comparison of the solid’and solution spectra of

SeOBr, leads to conclusions concerning the structure similar

SN~—

to those for SeOF; and Se0Cl;. The solid shows evidence of

oxygen bridging by the drop in.frequency of the Se0 stretch-
ing mode, going from solution to solid, and also by the fact
that this mode is split, as it is in solid SeOC1219 and solid
SeOF,12. However, contrary to SeOCl; ang SeOF5, we can only

speculate that there may be some bromide bridging?

3
(

The oxotribromoselenate{IV) anion, SeOBr;

The Raman spectra of EtyNSeOBrj as a solid and
n-BugNSeOBry in solution are shown in Fig. 4 gnd listed along
with the spectra of Me,NSeOBr3, EtsNSeOBry and PhySbSeOBrj in
Table III. The Raman spectra of solid Et4NSeOBri,
n-BugNSeOBr3 and PhySbSeOBrj are very similar to each other
and to the spectrum of the SeOBrj~ion in MeCN solution and
are consistent with an isolated SeOBrj~ion with Cg symmetry

(I1= 6A' + 3A").

I
i

I



This ion is expecteq to have nine‘bands in its Raman spectfum
of which six will be polarized. Because of the greater bond
strength of equatorial ligands compared to axial ligand§'in a
trigonal bipyramidal structure, two sets of SeBr stretching
vibrations are expected, a singie mode at higher frequencies
for the equatorial bromine and two bands, symmetric and anti-
symmetric, for the axial bromines. This situation exists in
Se0Cl3™ 10 where the SeCl equatorial stretch'bccurs at.

336 cm—+ while the SeCl axial symmetric and antisymmetric
stretches occur at 248 and 228 cn~ L, respectively. 1In the
spectrum of the SeOBr3~ anion the band at 936 em~l is readily
assigned to the symmetric SeO stretch, Vi(A'). 1In the
spectrum of the Se0Cl3™ anion the equatorial SeCl stretch,
Db(A‘i, occurs at 336 cm™! and is close to the mean of the
SeCl stretching frequencies in the corresponding seleninyl
halide, SeOCl,, which is 353 crn‘l'sm:?L 13, on a similar basis,
the polarized band at 265 cm—1 for the SeOBr3~ anion is

~
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Figure 4

Raman Spectra of the SeOBr3~ ion

<

A7 Kl .

A in acetonitrile (n-BuyNSeOBrjy)

-

B solid Et,NSeOBrj
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assighed to ¥, (A'}), close to the mean of the SeBr stretéhlng
frequencies in SeOBrj, which is 284 cm~l. The SeBr equa-
torial stretch in the T-shaped SeBr3"ion49, which is
structually closely related to the SeBr3 unit in thg trigonal
bipyramidal SeOBrjz~ion, occurs at 264 em~1. The band at

155 cm‘l, which is depolarized, is assigned to the anti-
symmetric SeBr stretcﬂing mode, Z’—,-(A“). The symmetric SeBr
stretching mode is expected to lie at higher frequency than

" the corresponding antisymmetric modell, Just as in the case
of the SeBr3~ion a similar and very close parallel exists
‘petween SeCly~ 49 and SeOCl3~. The three SeCl stretching
modes and the analogous modes in SeOCl3y~ are alike in their
relative positions and their polarizations. The peak at 253
cm~!, which appears to be polarized, is assigned to the
symmetric SeO deférmatioﬁ, Vp(Aa'). The analogoué deformation
occurs at 268cm™1 in Se0Cly 50 and 287 em~l in SeoCly~ 10,
The-remaining polarized band at 138 cm~l is assigned t; the
last A' mode, the symmetric SeOBr deformation, Us(A'). The
other deformations, VG(A'); Vg(A") and Vg (A"), are not
observed in solution and cannot justifiably be distinguished
from lattice modes in the solids. They are expected to occur

at frequencies lower than the SeBr stretching vibrations.



The Raman spectrum of MeyNSeOBrs consists of 13
anion lines in the spectral region studied (50 - 1000 cm‘l),
and the structure is apparéntly-more complex than that of ﬁge
isolated $e0OBr3~ anion. As in the case of KSeOCl310, which
. is polymeric, the shifts in some of the bands, particularly
the Se0 stretching vibration to lower frequency, and the
increase in the number of bands in the SeO deformation
region, seem to indicate that oxygen bridging is likely,
Both halogen and oxygen bridging are observed in-o%otrichlo-
roselenates(IV)10,23 and thé smaller cation size favours
anion bridging. Attempts to prepare CsSeOBrj from CsBr and
SeOBr, in acetonitrile iead to the formation of Se0, and
Cs,SeBrg.

The oxotetrabromoselenate(IV) anion, SeOBrg2-

The spectra of (n-BuyN)-SeOBry solid and 1in
solution are shown in Fig. 5 and listed in Table IV. The
additién of n-BuyNBr to a 1M soiution of n-BuyNSeOBr3 in MeCN
causes the strong peaks of the SeOBry~ion (138, 155 and
194 cn~l) to be feplaced by & single'strong feature with-a
weak shoulder at1158 em~l. As in the case of the oxotetra-
chloroselen;tes(IV)3l, the oxotetrabromoselenate(IV) is
formed,

SeOBr3; + Br~ = SeOBr42“
- MeCN



Evaporation of a 2:1 solution of n-BuyNBr: SeOBrj gave an
orange product with a Raman spectrum quite similar to the
solution spéctrum. Wheﬁ!a bromide with a smaller cation than
n-BugN*t, such as MeyN* or Et4N*, was used in attempts to make
the oxotetrabromoselenate(IV), oxctribromoselenates(IV) were
formed. Apparently, the.oxotribromoselenates(IV) of these
smaller cationslare less soluble than the oxotetrabromosele-
nates(IV) and the SeOBry2-ion is sufficiently dissociated to
SeOBr3~ that the oxotetrabromoselenate(IV) cannot be prepared
in this way. The Raman spectra of solutions where the
bromide to SeOBr, molar ratio exceeds 2:1 show no changes
compared to the 2:1 solution except for increases in cation
bands. A serieé of solutions of 2:1 n-BuygNBr:SeOBry in MeCN
had Raman spectra that‘did not change in the range 1.0 to 0.1
molal. Only below 0.1 molal'was the -detection of some
oxotribromoselenate(IV) possible indicating that the disso-
clation is completely repressed above 0.1 molal.

Since the Raman spectra of (n-BujN);SeOBr, and
SeOBr42‘ in MeCN are very similar to each other and much
different from the SeOBf3’ion indicates the presenée of a new
ion.-_The expected stereocﬂemistry for this anion-is that of
a sgquare pyfamid with the oxygen axial and trans to the lone

electron pair.
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Table IV. Raman spectra of the oxotetrabromoselenate(IV)

anion
‘(n-BuyN)7Se0Bry SeOBrg2~ in Assignment
MeCN& Mode No. Description
B9 (2) - deformations,
Lattice Modes
110(2) -
128(3) 141 (5,p?) V4(E1) V,s(SeBry)
156 (10) 158 (10,p) Vy(Ay) V.(SeBry, .
in phase)
178(2) 193(3,dp) 7/4(131) VS(SeBr4,
/fw out of phase)
256(3) ' 265(2,dp) Vg(E) 8(Se0, wag)
941(1) 932(1,p) V(A1) V(se0)

a. (n-BuyN),Se0Bry
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Figure 5

" Raman Spectra of (n-BuyN)SeOBry

A in acetonitrile

B solid
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For this C4y Structure, nine normal modes are expected.

(Iﬂ = 3A] + 2B] + B + 3E). The spectra in Fig. 5 show
séven definite banég, of which two are clearly polarized.
The spectra are more consistent with the C4, structure than
with other Eossible structures such‘as a square pyramid with
the oxygen in the eneréetically less favourable cis position
(to the lone pair}, giving this model Cg symmetry with

irreducible representation Iﬁ= 8A' + 4A"V,

Br
| Br

| BlL'\SIe/

If the electron pair is stereochemically inactive we could
expect a trigonal bipyramidal structure with the oxygen

equatorial.
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In this case, the symmetry is Cpy and 5 polarized bands are
expected, I‘= 5A] + Ap + 3Bi + 3Bp. In both these latter
‘cases, more polarized bands would be expected than are
actually observed in the spectrum of SeOBr42‘ in MeCNf;

A partial assignment under Cyy symﬁetry is given
in Table IV. On the basis of their intensity and poiariza—
tion the bands at 932 and, 158 cm~! are readily assigned to

_Vl(Al)r the Se0O stretching mode, and V,(Aj), the SeBry
symmetric in phase stretching mode, réspectively. The broad
peak near 260 cm~l consists of two peaks as shown bj‘the
spectrum with the pblarization of the incident laser beam
rotated 90°. The lower freguency band at 248 em~1 is
polarized and belongs to the tetrabutylammonium cation
while the band at higher frequency, 265 cm~l, is assigned to
the Se0 deformation, Yg(E). The position of this mode is
comparable with that of the SeO deformations in SeOBrj3~ .,
(Table IIT), SeoCl3~ 10 and seocls2- 3l. 1t is difficult to

decide whether the shodlder on the low frequency side of

Vy(hy) at 141 ecm~) is polarized or not but it is unlikely
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N
that it is, ;?;ﬁ; the only remaining'Al mode is the SeBry
umbrella vibration, V3(Al); which lies at 142 cm~L in the
spectrum of Se0Cl42~ 31, and is expected to lie far below
141 cm~!l in the SeOBrg2~ spectrum. The shoulders at 141 and
193 em~! are assigned instead to the two remaining SeBr'
vibrations, ¥;(B;) and V4(E}. Since, 1in ?he spectra of the
related species SeClg™ 10, TeOF42“ 8 and TeClg™ 51, Zﬁ(Bl)
lies at higher frequency.than V5(E), the band at 141 cm™! is
assigned to Pﬁ(E), the antisymmetfic SeBry stretching mode
and the band at 193 em~l is assigned to ¥(B1), the
symmetric SeBr4 out of phase stretch.. The remaining bands
at 89 and 110 cm—1 may be due to anion deformations but due
to their position no clear distinction cag be made between
these and lattice modes.

Attempts were made to prepare oxotetrabromosele-
nates (IV) from aqueous solution but only in the case of the
tetramethylammonium bromide was a compound of the correct
stoichiometry formed. °The ﬁaman spectrum of this compound
resembies closely the spectrum of the oxotribromoselenate (IV)
anion and is therefore listed in Table III. The compound is
best formulated as Me4NSeOBr3;Me4NBr. Similarly, dipyridi-
nium oxotetrachloroselenate(IV)3Q has been found to be made
up of $e0Cl3~ anions with secondary.bonding52 to chloride
ions which leaves the trigonal bipyramidal structure of the

SeOCly~ion essentially unaltered..



BROMOCOMPOUNDS OF SELENIUM(IV)

The pentabromoseleﬁate(IV) anion, SeBgsi

The spectra of the SeBrg~ anion show considerable
variation-in solids, melt and ‘concentrated and dilute solu-
tions in MeCN. The spectra of solid n—BusUSeBr5 and solid
Me 4 4NSeBrs are shown in Fig. 6. The spect%a of a melt of
n-BugNSeBrs and a saturated solution of n-BuyNSeBrg in MeCN
“are shown in Fig. 7. Fig. 8 shows the spectrum of SeBrg~ in
MeCN; Ali spectra are listed in Table V. Over the concen-
tration range 0.21 molal to 0.036 molal n-Bu,yNSeBrg in MeCN
the normalized infensities (with respect to the 912 cm—1
band of MeCN havgng an intensity of 1 cm ) oﬁ the peaks at
150 and 250 cm~l show a linear dependence on concentration
(Fig. 9), suggesting a single species in solution. The
profile of the spectrum also remains the same. As the
cohcentration of the solute is increased above 0.21 molal
the peak at 250 cm~l grows in intensity relative to that at
150cm~1 and shifts to lower energy. In addition, a band
grows in at 183 cm‘l._ The spectrum of molten n-BuyNSeBrg,
which melts in the range“58;60°c, is similar to that of the
saturated solution. although the band at 150 cm~! is much
less intense. These changes are attributed to the
condensation of the anion to form.polymeric species like
those formed in the case of TeClg™ 53, TeBrg™ 54 zpd
BiBr52‘ 55,!which a}e'all isoelectronié with SeBrg~ in

valence electrons.

nSeBrg- - (SeBrs)nn_



Some ‘indication of the formatioﬁ of bridged‘spééies has been
found fo; the pentachloroselenate(IV) anionlolas-well.
Selenium tetrabromide is known to be fully disso-
ciated?® in a wide ranée of solvents td give an equilibrium
mixture of selenium mono - and dibromides énd élementgry.
bromine. In the gas phase, SeBr, decomposes cémplete;y to-

SeBrp and Brp. -In MeCN, the same holds true according to

the reactiocon,

]

SeBry = SeBrj + Bra(l)

Further decomposition to Se,Br, is a minor reaction, if it
occurs at all in MeCN. The pentabromoselenate (Iﬁ) anion
may undergo related reactions, P .

-

SeBrg™ = SeBr3~ + Bry (2)
or

SeBrg~ SeBro + Br3~™ (3)

Another possible decomposition reaction, which does not

involve a change of valence of selenium is

)

25eBrs™ = SeBry + SeBrgl~ (4)

1
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fdllbwed'byJafsubsequeﬁ£ decomposition éécéraing to (1).
Solutions of Br, in MeCN - where [ﬁr2] = 2.43ﬁﬁo;al indicate
that the band. due to'bromine at 304 cm~? is ‘approximatelky

8 times more inténégrghan the 375 cm~?! bénd”ofuthe solvent
MeCN. TIf réaqtionéu(Z) or (4) proceed to completiﬁn, the.
expected bromine ‘concentrations Eor the 02506 molal SeBrg~
solution, the spectrum of which is shown in Fig. 8, would be
respectively 0.206 molal aﬁd“O.ibB molal in bromine: At
these concentrations any band due to:prbmine would be

readily noticed. Since no band is observed at 304 em~t,

-

bromine cannot be an important component.” Equilibriuﬁ k3)
could, however, be occuring in sélutions of n-BuyNSeBrsg,
since a peak at 280 em~l is observed in Fig. B,'which is the
frequency' of the strongest band pharacteristic for -

SeBry 57. The concentration of SeBrj in this solution is
estimaﬁéd to be 0.05m on the basis of guantitative measure.
ments of the Raman spectrum of SeBr, in MeCN37. The spec-
trum in Fig. B8 i1s, however, due for‘the most part to the
SeBrs~ anion. Any bands due to Br3~ in this solution would
be masked since they are not intense and occur at 160 and

190 cm~1 58,
The isolated SeBrg~ anion is expected. to have C4y
symmetry (T = 387 + 2B; + By + 3E) Jjust as is the case with

SeClg™ 10,
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Figure 6-

Ramaﬁ Spectra of‘solid SeBrg™ compounds
5 n;Bu4NSeBr5
i .Me4NSeBr5
- 'd

“r



INTENSITY ——

|

|

300

100

B
L
300 100

r . 1
frequency crr”



Figure 7

Raman Spectra of n-BuyNSeBrg

L

A as a melt

B saturated in acetonitrile
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Figure 8

. Raman Spectrum of SeBrg~ in,acetonitrile
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Figure 9

Plot of normalized intensities of thé bands

at 150 and 250 cm~1 in SeBrs~ versus concentration
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*
All nine vibrational modes will be active in the Raman{
spectrum and of tPese, three will be polarized. 1In the
spectrum of SeBrs; in MeCN, we find that there are 3 pola-
rized bands and one single depo;érized band. This observa-
tion is not consistent with a trigonal bipyramidal geometry
(D3n: ['=2A7] + 2A" + 3E' + E") which would arise if the lone

electron pair were stereochemically inactive.

RBr
Br d\"\/
Brése\a

r

Br

In this model, there are three stretching modes active in
the Raman effect, two of which are polarized, and all of the
deformations are depolarized.

Thus, the spectra are more consistent with the C4y
stfuctare. In the spectrum of a square pyramidal species,
the.axial ligand stretching vibration, VYi(ny), has the
highest frequency. In SeBrs~ this mode is assigned to the
band at 247 cm~1. ‘The most intense band, at 151 cm=1, which

is also polarized, is readily assigned to the symmetric in
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phase SeBry stretching vibrétion, Us(a1). The third pola-
rized mode at 112 cm~1 is éssigned to the last A; mode, the
‘_uﬁbrella déforéétion, V3{(Aj). The only\@epolarized band,
that at 180 cm~1, is assigned to the symmetric out of éhase
SeBry stfétching vibration, ¥;(By). Since this is the only
aepolarized band seen and is expected to be more intense-
than the antisymmetric SeBry stretching mode, ¥Y7(E), as in
the case of SeClg~ 10, this assignment is preferred over
V2(E). In SeClS‘} the antisymmetric SeCly stretcﬁing
vibration, ¥Y7(E), lies very close to the symmetric out of
phase stretch, Lﬁ(Bl), and in Se0Cl42~ 3l these two modes
are coincident. However, in SeOBr42‘ the corresponding
V2(E) mode is expécted to lie at much lower frequency than
V4(B1) and hence V7(E) is not seen in the spectrum of
SeBrg~. oThg.V—,:(E) mode, since it lies at low frequency, may
be lost in the Rayleigh scattered background (Fig. 8).

The spectra of solid MeyNSeBrg and n—Bu%NSeBrS,_
listed in Table V and shbwn.in Fig. 6, gxhibit iittle
parallel with each other or with the dilute solution spectra
although the strongest peaks in the spectra of both solids
are observed in tHe—spectfa of the saturated solution in
MeCN and the melt of n-BugNSeBrs (Fig. 7). Several

structures may be adopted by the SeBrg~ anion in condensed

form.. The polymer may be cis or trans bridged.

N



8
N / ~

/T / Br
rL/(\/?rcms | N

The crystal structure of PCl,*TeCls™ shows [TeClg~]p chains
with cis bridging and overall pseudooctahedral coordination
of Te33., The chloride Bridges in the structure are
syﬁhétric and have relatively long Te-Cl bonds while the
Te-Cl bonds trans to the bridging chlorides and the Te-Cl
bonds above and below the bridging plane are short. [The
cubane like TesBrig 54, which is isomorphous with SeByy, can
be reacted with bromide to form monomeric and oligomeric
halogenotellurates. The dimeric TezBr102‘ anion54 consists
of two distorted TeBrg octahedra sharing an edge. It 1is not

possible to determine uneguivocally between the two



structures proposed for (SeBrS);ﬁi. The isoelectronic -
species,:Biér5?“ 59, has been studied by vibrational spee-
troscopy ‘and found to have overall-‘czV site symﬁetry
although it has pseudooctahedral coordination around blsmuth
. and has two brldglng ‘bromines.

When dilute solutions of MeyNSeBrg are made up in
aqueous medium, some elemental bromine is expelled, as is
indicated by the oxidation of 1od1de ion glVlng the CCly
layer a llght reddish color upon vigorous shaking. This
does not occur with nfgiéNSeBr5. At first, it was thought
that there may be some molecular bromlne bridging as is the
case in SbyBrg3- 60. However, when MegNSeBrs is dls%élved
in MeCN, a solvent which it is not very soluble in, no band
due to elemental bromine is seen in the Ramaﬁ.epectrum.
An attempt to form the isoelectronic’ analogue to SbyBrg3*,
S€yBrg™ in MeCN solution, leads only to an increase in the
intensity of’ the bapds at 280 cm~l and 304 cm~l relative to
the bands due to SeBrg~, indicating the presence. of SeBrg in‘
equilibrium with SeBr, end Bry {(equation 1). -However, when
‘concentrated solutions of:Me4NSeBr5 in aqueous solution are
made up, the presence of bromiee is more obvious in the CCly.
layer. Concentrated solutions yield low bromide analyses.

Possibly, in the case of MeyNSeBrg, an adduct
exists as it does in Quinuclidinium Dodecabromantimon{III)

antimon(V)ate-2-Dibromine, (C7Hj3NH)4SbTIT sp¥ Bry,.2Br, 61



The crystals of this compound consist of ﬁgtions,.SbBr63“

and SbBrg~ anions and molecular bromine which bridges

adjacent anions. We can onl§ speculate that the larger
catioé stabilizes the SeBrg~ anion to a greater extent and
that in MeyNSeBrg some of the Se-DBr bonds are more labile
than in n-BuyNSeBrg leading to the evolution of elemental
bromine when a large émount of MeyNSeBry is dissolved in
“acueous medium. |

The hexabromoselenate(IV) anion, SéBrGE:

A non-octahedral structure is predicted for AXgE
molecules by the valence shell electron péir repulsion -
(VSEPR) theory2. The theory states that they should be
based on a séven coordinate structure with a lone pair of
electrons in one of the positions. Despite the prediction
by VSEPR theory, many AXGE molecules exhibit octahedral
symmetry. In fact, more examples are currently kﬁown where
the lone pair is stereochemically inactive38 than where it
is active. However, one example, XeFg 38, is known to have
a distorted structure. Gillespie explains the failure of
VSEPR theory as due to ligand-ligand rgpulsions dominating
the sterzochemistry.

The Raman spectra of solid CsjySeBrg and
(EtygyN)oSeBrg are shown in_Fig. 10. The spectrﬁm of
(EtyN)oSeBrg in MeCN is shown in Fig. 1i and all spectra are

listed in Table VI. There is no evidence in the sclution
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Table VI. Raman spectra of the hexabromoselenate(IV) anion
: N )

o

AN

Cs,SeBrgd ‘ (Ety4N)oSeBrgd SeBrgZ~ in Assignment
| MeCND, €
98(7) - 90(3) - Vg(Tog)
’ 145(5) - ~'4 143(10) 153(10,p) V1(A1g)
162(10) 160(7) 165(2,sh) V3 (Eg)

a. Exciting line 632.8nm<
b. Exciting line 514.5nm .

c. (EtyN)5eBrg

5
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- Raman Spectra of solid SeBrg

Figure 10
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A CsySeBrg

B

(Et4N),SeBrg

compounds
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Figure 11

r

Raman spectrum of (EtyN);SeBrg

in acetonitrile
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spectrum for decomposition to Se(II) as observed for SeBry
and, to a lesser extent, SeBrg~ in MeCN. it seems that the
most highly” coordinated and symmetric a central atom is, the
more stable the species is. The Raman spectrum of the
SeBrGZ“ anion has been reported by Hendra and Jovic33, who
assigned the stronger band in the spectrum of C525é8r6 at
162 cm~ ! to DitAlg) following.the order of frequency

Vl(Alg)>>V2(Eg) for all of the hexahalometallates which
have been studied. In the high resclution spectrum of
(EtyN),5eBrg in MeCN theré is a shoulder to high freguency
of the strongest peak at 153 cm~l. It is the band at

153 em~+ which is polarized and therefore belongs to 'Q§\§
Vi(Alg)'while the shoulder at 165 ém“l is Y5{Eg). The
relative intensities of these two bands remain the same in
the spectrum of solid (EtyN);SeBrg but the relative
intensities are reversed in the spectrum of Cs;SeBrg. This
cannot be due to intensity borrowing since the two modes are
of different class. The observation of the Eg mode a higher
frequency than the Alg Wode is truly an exception compared
to previous assignments of hexahalometallates with octa-

hedral symmetry35,38.



’

BROMOSELENATE(IV) EQUILIBRIA IN AQUEOUS HYDROBROMIC ACID

Seleninyl halides have been shown by Raman
spectroscopy to be formed in solutions of selenium dioxide
in hydrofluoric40, hydrochloric35,41,42 and hydrobromic44
acids. In the case of seleninyl chloride42, an equilibrium
constant of 3.2 X 10~ %mo1~2L2 has been determined for the
equilibrium.

e
HoSeO3 2HC1 = Se0Cl, + 2H)O

The Raman spectra of selenium dioxide in hydro-
bromic acid have been studied35,44 and these solutions have
shown to consist chiefly of SeOBr,, SeBrg~ and SeBrGZ‘.
However, no quanfifative measurements have been made on
these solutions. Morever, the spectra of the actual
SeQ,Br—, SeOBr3™, SeOBr42‘ and SeBrg™ anions were not con-
sidered in the earlier work, nor were polarization measure-—
ments made, which strengthen the interpretation. In view of
this, the present study was qnderfaken to determine what
species are present in these solutions on the-basis of the
information obtained on various bromoselenate(IV) anions in
solids a;d aprotic media and also to determine quantitati-
vely if equilibrium constants can be evaluated.

The Raman spectra of 1.0M solutions of selenium
dioxide in hydrobromic acid over an HBY concentration range
0-&.9M, namely those at 8.9, 7.0, 5.0, 3.0 and OM HBr, are

shown in Fig. 12 and the bands of the 8.9M hydrobromic acid



solution are listed in Table VII-along with the bands
belonging to SeOyBr~, SeOBry, SeOBrB‘,‘SeOBr42“, SeBrg~ and
SeBrg<~ in acetonitrile and their relative intensities. The
1.0M SeO; in 8.9M HBr so%utiqn-spectrum is.listed in Table
VII since this spectrum displays baﬁds corresponding to all
the different species which oécur in these hydrobromic acid
solutions and does not conta;n any selenious acid. This
will become evident later in the chapter.

The spectrum ©of the 1.0M SeOZ in OM HBr solution,
shown iﬁ Fig. 12, is that of selenious acid. As the con-
centration of hydrobromic acid is ‘increased, starting at
3.0M HBr, there is an increase in the intensity of the peaks
in the region 100-300 cn~d, the region of SeBr stretching
modes. At concentrations of hydrobromic acid greater than
3.0M the intensity of the SeO 'single bond peak, at 695 ém'r,
falls as the SeBr bond intehsity increases. The new bromo
species present here has an $Se0 double bond, as can be seen
by the increase of the SeO double bond stretch intensity, at
900 em™ 1, relatiQé to the Se0 single bénd stretch intensity
with increase in hydrobroﬁic acid concentration, and is the
major component in these solutions up to a hydrobromic acid
concentration of 5.0M. Cbmparison of the spectrum of SeOBrj
in MeCN, listed in Table VII, with that of the 1.0M SeO; in
5.0M HBr solution shows that SeOBrj is the principal species

in the HBr solution. The possibility of having any



Figure 12
Raman Spectra of 1.0M SeO; solutions in aqueods HBr

A 1.0M Se0O, in 8.9M HBr
B 1.0M SeO, in 7.0M HBr
C 1.0M SeO, in 5.0M HBr
D 1.0M SeOp in 3.0M Hﬁr

E 1.0M SeO, in OM HBr (1.0M HySeO3)
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Se0sBr~ ion in the 1.0M Se0Op in 5.0M HBr sclution can be
ruled out as an important species on the baéisfof_the
absence of a very prominent band at 139 cm~l, due to the
Vs (D) (Tablé I) mode of this ion.: We would also expect to
see an antisymmetric SeO stretch at approximately 814 cm~l,
The Raman spectrum of the SeOBri3~ ion in acetonitrile is
quite different from that of the 1.0M selenium dioxide in
5.0M hydrobromic acid solution, especially with reSpect to
peak intensities and pelarizations. If the highest fre-
guency SeBr vibrational Eand in the 1.0M Se0O5 in 5.0M HBr
solution, at 265 cm™1, were due in part to the SeOBr3~ ion
in this solution, a very intense polarizgd band at lﬁs'cm‘l,
Vs(A') (Table III) would beé expected. Since this band is
not cleariy distingui;hed in this spectrum, the
presence of relatively large concentrations of the SeOBrx~
ion can be ruled out. Another strong band due to the
SeOBr;~ anion at 194 cm~l, ¥3(A') (Table III), which is
polarized, would also be expecteq. Similarly, the band at
265 cm~l in the Se0O7 in HBr solution corresponds well in

- frequency with the band at 265 cm~—1 in the solution spectrum
of the SeOBr42_ ion. (Fig. 5). However, in the spectrum of
SeOBr42" in MeCN, the peak at 265 cm~l is due to the Vg(E)
(Table IV) mode and is depolarized, whereas in the HBr
solution the band at 265 cm~! is polarized. 1In addition, if

,jﬂ\ this band were due to the SeOBr42‘ ion in solution then,
- .



along with a strong polarized band at 158 cm—1, Db(Al)
(Table IV), we would expect a strongly depolarized band at
141 cm~1 due to the V7(E) mode of SeOBr42‘_in MeCN. On this
basis,‘the SeOBrs2~ ion cannot be present in significant
guantities in this solution. The most intense peaks in the
spectrum of the 1.0M SeOj in 8.9M HBr soluﬁion, at 145 and
155 cm‘b, can be shown to be due, respectively, to the
V(A1) (Table V) mode of the SeBrg~ ion in MeCN and to the
vi(Alg) (Table VI) mode of the SeBr62‘ ion in MeCN at

153 cm~1l, By comparison, these bands can be seen to be
virtually non-existent in the 1.0M SeOy in-5.0M HBr

. solution. Therefore, the 1.0M Seoz.in 5.0M HBr solution
consists almost entirely of SeOBrj and-HpSe03. The
equilibrium occurring in the 1.0M Se02 in 0 to 5.0M HBr
solutions is

HoSeO3 + 2HBr = SeOBrp + 2H0.(1)

For purposes of determining the concentrations of
the various Se(IV) species in hydrobromic acid solutions, it
was necessary'to_measurerthe molar intensities of the SeO
double and combined singlé bond stretching mode peaks (896
and 695 cm~l, respectively) and the combined deformatioé
modes (100 - 400 cm~ 1) of selenious acid. 1In spite of the

complex condensation equilibrium known to occur in these

solutions®2, the dependence of intensity on concentration =



foF these peaks is known to be linear‘ovep the rangé
0 - 2.0 molqr selenious acid in H,O (Fig. 13). It should be
noted, as it.was in the experimentél section, that all
spectral intensities were normalized by comparison to
perchloric acid solutions.which were run‘éfter each selenium
dioxide-hydrobromic acid solution, The—norm;lization
N _

assumﬁtion was that the 925 cm~l band of a 1.0M perchloric
"acid solution had an area intensity of 1in2 (6.45cm2). A
PN .
plot of the intensity of the 925 cm~l band of perchloric
acid against concentration is shown to be linea; up to 5.76M
perchloric acid (Fig. 14). The measured ﬁbrmalized peak
intensities for the SeBr stretching region (100 - 300 cnfl),
the Se0O double bond and the Se0 single bond frequencies' for
all SeO; in HBr solutions studied, are listed in Table VIII.

‘From the measurement of normalizéd peak intensi-
éiés and a knowledge of molaF peak intensities, the concen-
trations of "the species present may be determined and the
equilibrium constant calculated®3. The equilibrium constant
for equation 1 is given by |

K = [SeOBryl a2, (2)

[HSe03] alpg,



4

Figure 13
Plot of ﬁntggrated peak intensities of the

896 and 695 cm~l bands in H;Se03-versus concentration
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‘Figure 14

Plot of Integrated Peak Intensities of the

925 cm~! band in HClO4 versus concentration
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Table VIII Values of Normalized Intensities for

Solutions of Selenium Dioxide in

Hydrobromic Acid ' e
Solution | ISeBr(cm?2) ISe=0(cm?) ISe-O(cmz)
1.0M SeOp in 8.9M HBr  194.78 2.99 -
1.0M Se0; in 8.0M HBr  217.46 6.94 -
1.0M SeO, in 7.0M HBr  181.43 - 8.95 3.05
1.0M SeQO3.in 6.0M HBr 96.90 ': C?.IS A2.43
0.??6M'Se02 in 6.0M HBr  92.71 6.67 3.4l
0.513M SeO, in 6.0M HBr  68.04 - 4.07 2.02
0.260M SeOo in 6.0M HBr  49.33 2.96 -
WZ 1.0M SeO, in 5.0M HBr ~ 27.90 5.26 5,54
1.0M SeO, in 4.5M HBr 17.39 6.00 6.20
1.0M SeOy in 4.0M HBr  10.17 4.65 5.37
1.0M Se0y in 3.5M HBr 8.81 5.43 7.73
1.0M Seozain 3.0M HBr 6.17" . 4.35 6.76
1.0M Se0o in 2.0M HBE 5.28 4.26 . 5.22
1.0M Se0, in 1.0M HBr = 3.45 " 4.75  6.37



)

where a, is -the rational activity of water and ayg, is the

~molar activity of hydrobromic acid. The activity coeffi-

cients of seleninyl bromide and selenious acid are assumed

to be egqual. From a knowledge ofrthe concentration ot

seleninyl bromide or selenious acid an £he solutioﬁ

stoichiometry, the concentration of all)other species may be

alculated. From the hydrobromi /Qgid/concentratioﬁ both

aHBr and ay, may be obtained fro data of Haase, Naas and
‘Thumm64. The activities reported by these authors were
given as molal activities of HBr and were converted to molar

activities using density data®5, The values of CuBr and
aw are listed in Table IX. The concentration of selenious

acid may be determined from the intehsity of the band at

695 cm‘l, assuming no other bromoselenate(IV) in solution R
exhibits an Se0 single bond stretch. Because of the low
relativg inténsity of this peak and thé complication which
results from the selenious écid dimerizationGz, this peak
cannot be used to calculate valués for K, in the hydrobro-
mic acid concentration range studied (l.OM'— 5.0M). Because
of the greater intensity of the SeBr stretching bands in the
spectra, they are better suited for the calculation of K.
Allowance must, howeveg, bé made_for the weak peaks due to
HpSeO3 deformation modes, whichjlie in this region of the

spectrum. The normalized molar lintensities of the selenious

acid vibrational modes are listefl in Table X and the

N

N < .
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Table IX. Valu

- 66 -

gof Concentrations and Activities
of HBr (Molar) and Activities of Water

CHBr Aw 2HBr
i
\

0.1 0.997 0.0803
0.2 0.993 0.1560
0.3 0.990 0.2325
0.4 0.986 0.3116
0.5 0.982 0.3935
0.6 0.978 0.4794
0.7 ) s 0.974 0.5691
0.8 Cij “ 0.970 0.6640
0.9 0.967 0.7632
1.0 - 0.962 0.8690
1.20 0.953 1.0968
1.39 0.944 1.3525
1.58 0.934 1.6416
1.77 0.924 1.9346
1.96 0.913 3.3285
2.83 0.853. 5.006
3.69 0.782 10.210
4.46 0.703 19.040
5.21 0.619 34.428
5.96 0.536 62.991
6.65 0.460 111.153
7.30 0.390 199.2
7.93 0.332 350.577
8.56 0.277 552.796



. corrected and normalized intgnsities of the SeBr stretching
region (100 ~ 300 cm~1l) are listed in Table XI.; An estimate
- of the molar infensity of the SeBr‘peaké for SeCBr,

(l00 - 300 cm“l).may be calculated from the intensities in
the spectrum for the 5,0M hydrobromic acid solution and a

knowledge of the concentration of selenious acid and the

total Se(IV) concentration.

&

Ctotal Sei}\/)_ .= [H258031'_+ [SeOBr ] (3)

In order to make this initial estimate, the selenious acid
concentration was calculated using the molar intenéity for
the Se0 single bond peak given in fable X and the’ intensity -
of the peak at 695 cm— 1, The molar intensity of the SéBr
bands for SeOBr, was found in this way to be 205 em2.

For the calculation of K, thé following procedure was used.
By use of the molar'ihtensity of SeOBr,, a preliminary value
for the concentration of seleninyl bromide.was calculated,
the selenious acid concentration was determinéd using
.equation 3 and a correction of the SeBr envelope could then
be made to allow for selenious acid deformations lying under
the SeBr peaks. The molar intensity of the'selenious_acid

deformations is given in Table X. The concentration of

hydrobromic acid was then calculated from



Figure 15

Raman Spectra of solutions used to calculate K

’

A 1.0M SeO5 in 5.0M HBr
B 1.0M SeOy in 4.5M HBr

C 1.0M SeOy in 4.0M HBr

e
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[HBr] = Cug, - 2 [SeOBrj] TS
From this information, aHBr and ay could be obtained (Téble
IX), and ﬁhe‘equilibrium constant, K, could be caléulated
using equation 2. Peak intensities, concentrations,
activities and equilibrium constant$ are listed in
Table XI.The spectra of "the solutions used are shown in
Fig. 15. The estimated molar intensity of the SeBr bands
for SeUBrj, 205 cm?, = gave the best constancy of K over
the range of concentrations studiéd without_need of
adjusting it as was done in the case of the eguilibrium
constant calculation for the Se (IV)/HCl systemil, Thé
avarage value for K was fouhd to be 1.3 X 10’4mo;“2L2. Th
solutions of selenium dioxide in hydrobromic acid where the
hyarobromié acid concentrafion was less than 4.0M gave
values of K which were 2_t6 5 times larger. This can only
be attributed to the difficulty in measuring the SeBr
stretching region intensity to a good degree ‘of certainty,
since this region was not much more.intense.than the
selenious acid'deférmation region. Théléolutioné which were
used for the final detérmiqation of R where those of 1.0M

Se0, in 4.0, 4.5 and 5.0M. HBr.



o

Soluticons of Selenium Dioxide in Hydrobromic Acid ..

‘at Concentrations of HBr greater than 5.0 Molar

o

Comparison of the Raman spectrum of selenium
dioxide in 5.0M hydrobromic acid to that in 6.0M HBr
(Fig. 16) reveals bands at 145 cm- L anq 155 cm“l, whighﬂare
due to the presence of the SeBrg™ and SeBrg<~ ions. JThese
bands are due to the V,(Aj) kTable V) mode of the SeBrsg~ idﬁ
on MeCN and to the ¥j(Ajq) (Tabfz VI) mode of the SeBrg2~
ion on MeCN, 151 énd 153 em~1l respective® (Table.VIi).
This is particula;iy clear-in-the spe;trum with 90° rotation
of .the plane of polarizatién. A§éuming that thesé€ SeBr
streéching:modés, in the 6.0M HBr solution, are due to the

——

presence of the SeBrg=< ion alone, an attempt can be made to
caléq&ate the.cgncentratiOn of SeBrg™ in this solution.l
Assuming that the molar intensity of the SeQ double bond is
due only to SeOBr, and H5SeO3 and assuming that the |
seleniogs acid concentration can be calculated from the'SéO
'siﬁéle bond intensity, it was thought possible to calculate
the SéBrS‘ concentration. However, £hé molar intensity of

the  SeO double bond, corrected for the H,SeO3 contribution

yielded values of [SeOBr;], which resulted in

-

[HySe03] + [SeOBrjl > Ctotal Se(lV)

and thus the SeBrg” concentration could not be calculated.
A list of values for SeQ double bpnd intensities (from

Table VIII), corrected S5e0 double bond intensities; HpSeO3 -

and 5e0Brj conéentrations are given in Table XII. The high



concentrations of SeOBrp can be accounted for by the
possible presence of other bromoselenate{IV) speciesﬂwhich
coﬁtribute to the SeO double bond intensity._-Fér ﬁhiﬁi ;
reason, the presence of the SeOBr3~ ion appears liHély;
Also the SeOBr42—‘anibn may be present in smali'pfo.-~

portions.  It séould be noted that oxofribromoselenate(IV)~
compounds could be prepared from agueous solutioﬁ but oxote-
~trabromoselen§fe{IV) comgounds could not.- The'Galueg for
total concentration of Se(IV) given 'in Table XIIishow that,
as the hydrobromic acid concentration increases (from 6.0 to -
7.0 molar), the excess concentration of Se(IV) gets . larger. ,
éor'the 1.0M Seé2 in 7.0M HBr the total Se{IV) concéntration
is calculated to be 53% higher than it actually is. Since
‘S€0Br3~ gé theﬁ&hly species which'couldlcontfibute_go the
. - ) -
S5eQ doublelbond molar gﬁtensity, it wéuld have to bé‘prese t
in appreciable-amounts._ However, as was discussed earlief,
the presencéio?'SeQBr3’ in low concentrations is ﬁossible
but sﬁbstantiél qmduntsuéannot berécgounted fﬁr-reasonébly
‘in the soIGtion spectra (Fig. 12 and Table ViI)'of
l.bﬂ78e02 in HBr. Furthermore, at concentrations of HBr
grééter than 5.0 molaf; the Sed siﬁéié bond intensities are :
quite smail ahd large.errors could be involved in the
measurement of their intensities. This would cause large ;

variations -in the selenious acid-concentrations which in,

_ tdrnfwoﬁld change the values of seleninyl bromide

TN



Figure 16

Raman Spectra'bf 1.0M S5e0, in concentrated

aqueous LBr solutions

-’ A 1.0M Se0Op in 8.9M HBr

| B 1.0M Se0p in 8.6M HBr °
C 1.0M SeQy in 7.0M HBT
D 1.0M SeOy in 6.0M HBr

* E I.0M Se03 in 5.0M HBr



—3
Y s
3 2
L .
=
i 2
__ ey
e m
ﬁlnt)
. > > " a— ALIGNILNI

e

frequency



puogq atqnop £0agly 103 pa3josaion ‘o

Swis) JAPTOW UT SUOTILAJUIDUO) *q

- , \M\\m - \ WD UT'23° SBTITSUIUI ‘e
| _ . - . kY
M . (AR D Z0S0° 1 .6¥*9 T0TBY O g0 ¢ s6*8 - agy Eh ut €038 WO T
' T6ZC: 86£8°0 | - 6T°S | . £€8€°0 150 A4 ST L . wmm W9 cmnmomm Wo" T
T2LT T EVEDTO p/\m\m/ym BLES"O v ¢ £L9*9 .m/mm W9 ut Cgas wWoLL®
PETL™O m.:u.mm.a ’ vv..m 98TE 0 Z0¢ Lo v 19H ZW ut ¢pag WETS®
..UQOU (A1)®8 TEIOL [€2g038] . wanH [€0®5CH] .olmmH 0==S51 @m\._”us..mOm
. : : q e

¢agoes pue Epasly Jo SUOTILIIUSOUOD puUR )
.S9TITSUS3IUT Pd]D3II0DUQ PUR PIIDIAI0) PUO BTQNOP 038 *IIX 3Tel .

"



'concentrations. - Thérefore, we can say that the errors on
tﬁe vaiues.of the Se0 single bond intensities are more

,like;y to be the reason for thé excess calculated value of
total Se(IV) concentration.

Tﬂe Raman.spectfa of the 1.0M selenium dioxide’ in

5.0, 6.0, 7.0, 8.0 aﬁd B.9 molar hydrobromic_acid solutions
are shown in Figﬂ 16. These spectra sho@ that, as.the
hydrdbfbmie acid concentration is in§;eased, the intensities
of the bands aué to the SéBrs; and Serez“ iohs, lﬁS and

155 em—1 respec£}vely, increase relative to;tﬂose for
SeOBry. At a concénﬁration of S.bM‘ﬁBr, éeOsz is seen as
being the oniyjbromo species pfesent in thig solution and at
a concentratién‘of hydrobromic acid of 6.0M, £hé:contribu—
tion due to SeOBéZ is greater than that oﬁ the othér bromo
species. In the 1.0M Se0; in 7.0M HBr solution the highest
intensitj band for SeUOBrp at 205 ém’l, is aimost equal in‘
intens%ty to the bands in the 150 cm~1l gégién due to the <«
SeBrg~ and SeBr62‘ ions and finally.at a conegntration’oﬁ
‘hydrobromic acid of 8.9M the Eands due to the SeBrs” and'

i
SeBr62‘ are ‘seen to be approximately twice as intense as the

band at 205 cm~l due to SeOBr,. ./

A study was also done where the hydrobromic acid

&

concentration was kept constant, at 6.0 molar, butf the
. . b .

selenium dioxide concentration varied from 1.0M to 0.26M.

85 These spectra are shown in Fig. 17. As the concentration of

-
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Figure 17

. . >

Sedz solutions in 6.0M HBr
. : !
1.0M SeOy
0.776M Sely
0.5134 SeOy
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Se0> fal}s from 1.0M to 0.26M,ithe opppsite effépp what

A -

was seen in Ehelsolufiogs shown in Fig. 12 (1.0M Sébz'in

0 - 8.9M Hér) aﬂd Fig. lG,oécurs. fhene is not much ghange

in the éolugionlspectra of 1.0M SeOjp in 6.0M HBr compared to
tbat of'the~0.776M Se05 in 6.0M HBE solution. However, at a.
selenium dioxide concentration of'0;5l3M the spectrum can be
seen to display i;teﬁsities of the SeBrg™ and SeBrsz% ions,
145 and 155 cm~t respecfively, which are almost identical in
intensi£§ to the 205 cm_‘_l band of SeOBry. The Se0 single

bond intensiEy, at 695 cm‘l; also-falls relative to the SeBr
envelope and to the Se0 doublérbond intensity, at 900 cm~1,
until itﬂgisappears complétely-af é concentration of

0.26M SeO03. . This effect can be accounted for reasonably by-
the fact that as more SeOz.is‘addeﬁ to the hydrobromic acid \\}
solution more HBr isrconsumed, to form the bromoselenate(IV)
species observed. Thgs more HoO is Eorﬁed_and oxgbromo
species, mainly:SeOBré, are favoured, Theselobservations are.ﬁ
further justified by the changes in the spectra with 90°
rotation of the plane of polarization. 1In the 0.26M Se0, in
6.0M HBr éolﬂtion, no H,5e03 is present and we could}exéect,
as was explained before, that at lo&er Se0, concentrations the
spectra would indicate largely the presence of the SeBrg~™ and

\

SeBrsz; ions and smaller contributions due to WeOBrj.



Selenium Dioxide inl Hydrebromic Acid

Saturated with Hydrogén Bromide at 0°C

\! / The Raman spectrum of a 1.0M selenium dioxide
solution in hydrobroﬁic acid saturated with hydrogen bromidé
is.showﬁhin Fig. 18. The hyérogen'bromide concentration of
an agquecus solution saturated at 0°C is 15.74M65,66,
caléulated‘using density.data taken at 4°C. The éqnsities
of agueocus HBr solutions at O;C were not available, hence

.

those measured at 4°C were used. It Wag estimated that this

)

introduced an error in the molarity of approximatelj 1
which is far Witﬁin the experiméntal error of the measure-
mgpt of peak intensities (¥5%). On comparing the spectrum
‘of the ‘saturated HBF solution @&th that' of the 1.0M sele-
nium dioxide in 8.9M hydrobromic acid solution (Fig. 12 and
Fig. lé) it can be seen that the two spectra are qu;Le
‘.§imilar. However, the saturated solution spectrum shows a

larger contribution at 145 and 155 cmfl; due to the SeBrg~
andISeﬁrsz‘ ions respective%gé_dompared to the band at

_212-c?‘l. The spectru%?in é?é. 18 provides no evidence fog:\ﬁiﬁ\x
the presence of SeOBrj or SeOBr3~ since there is no SeO

double bond stretch observable. Although the band at

212 em~! is close in frequency to what Qe wowld expect for

the most intense band of SeOBrj, 205 cm'l, it cannot be due

to SeOBry. Therefore, the band at 212 em~L is most likel§'

due to condensation of the SeBrg~ ion to a dimeric or



. Figure 18.

Raman Spectrum of 1.0M SeO; 1in

15.74M HBr
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polymeric aniqn as was observed in the case, of n—BU4NSéBr5
in apeﬁénitrile at high concentration. “Theiband‘ét 212 cm—l
could be interp;eted-iﬁ terms of the sh}fts of the bands at
J.E!O_cm"l toc higher frequency, and'24f em~t to lowgr fré—
guency as was observed in Lhe saturated solution of SeBrg”~
in MeCN (Table V). Therefore, the spectrum of 1.0M SéOz in |
"15.47M HBr can be interpreteé_as-being due to.the SeBrg 2~
ion ‘and to a high concentration of SeBrg~ ion. )

- When the 1.0M selenium dioxide in 8.9M hydré}om/ic
‘écid solutioé was saturated with,hydrogen bromide at 0°C, a
reddish—brown‘ppecipitate would fdrm depending on how ﬁong
the hydrogen bromide gas was allowed to pass through the
salution once saturation was compiete. For the soiution )

| o

used in Raman spectral study, the hydrogen bromitie gas was
péssed through Ehe solution .at a sloy rate and careful
observation made it poss{ble to ceasfgiﬁg‘saturation before
the point of precipitation. .Howevet, when the HBr gas was
"allowed to flow rapidly;through the 1.0M SeQ, solution at
0°C, a dark red-brown precipitate wouid form after a short
period'of ﬁime. Krebs and Hein®7 have identified this® .
compound as being the hydrate of hexabromoselenic(IV} acid,

HoSeBrg.8H,0. This further justifies the presence of.

SeBrsz‘ in solutions of Seoz'in HBr.



CONCLUSION

The'Baman spectral study of the compounds prepared
iq this thesis‘indicated structures of the‘isolateé anions
Se0,Br~, SeOBr37, SeOBry2~ and SeBrg™ (in low concentratioﬁ_-
solutions in MeCN) to obey the predictions of VSEPR Eheory.
_The SeBrGZ" anion 1is known toﬁpossess-octahedral symme£ry,
contrary to the expected geOmetf; from VSEPR theory and is

therefore exceptional in this, series. Seleninyl bromide,

Se0OBry, showed evidence of oxygen bridging (in the selid but

bromide bridging was not as evident as the chloride bridging

is in solid séleninyl ch;oride.' In solution, SeOBrj was
best approximated as haviné Cg symmetry, as is predicted by
VSEPR»tHeory. |

Althéugh SeBry decomposes to SeBrj énd Brp in
\NECN, it was shown that addition- of bromide ion stabilizes
Se(IV) in acetonitrile. The SeBrg~™ compouﬁds‘indicated
bridging in their solid Raman spectra and in the Raman
spectra‘of concentrated solutions. However, we could only
ébpculate, from what”is known about isoelectronic species,
as to the typé of bridging occurring. The Réman spectra of
dilute solutions of SeBrg~ in MeCN indicated the decomposi-
tion of éhis anion to SeBrj and Br3~, however, these spectfa
were due, for the most part, to the SeBrg~™ ion.

Tﬁe spectra of the neWw bfomoselenate(IV) anions
SeCyBr™, SeOBr3y—, SeOBryg 2~ and SeBrg~ were considered in
interpreting the spectra of Se(IV) in agueous HBr. The

N .

spectra of these solutions taken when the plane of



- 81 -
polarization was ratated g0° also helped in élarifying the
presence of -the different bromo species. Thé.species'
HoSeO3, SeOBr,, SeBrg~ and SeBrsz“ were definitely
identified in these solutions. Se’7 N.M.R. could help in
confirming the conclusions of‘the Raman wérk as well as
identifyiné“species which may be-p?eéent»iﬁ small dmounts,
such as SebBr3“, SeOBr42“ and SeBrj. *By varying the Se(IV)
concentration in solutions of Se0, in hydrobromic acid
séturated with hydrogen bromide,'the condensation 6f SeBrg”
to pblymeric species would become more evident'ﬁy the .
increase of the intensity of the band at 212 cm-l relative
to that at 145 cm~1 with inéreasing Se(IV).concentration.

The equilibrium constant determined for the

eguilibrium: .

HoSeO3 + 2HBr = SeOBrj + 2H0

is of the order of 100 tiﬁes larger &hah the corresponding
equilibrium constant for the chloride. system which |
demonstrates that, in aqueous solution, seleninyl bromide is
more stable than seleninyl chloride; fhis is further
supported by the fact that, SeOBr3~ compounds ¢ould bé

prepared from aqueous solution.
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