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3.1 BORON
3.1.1 Boranes

Bands of the Azr—x22+ transition of BH' have been analysed,
These ylelded a value for the B-H distance of Lipu' of 1.24397(5)%
in the A’y state and 1,20292(5)% in the x°t* state.® MO-SCF
galculaticns have been carried out on BH+ and A1H+ ions, for the

X22+, Azﬁ and B'2Z+ states. it was possible to predict the

so—-far-uncobserved part of the Bl—x emission system for BH+.2

A new model for the structure and bonding in boron hydrides has
been proposed, based on the tensor surface harmonic theory. The
model produces the characteristic structural and electron-counting

rules for closc-, nido- and arachno~boranes in a simple and direct

manner. Nido- and arachno-beoranes have pairs of high-energy

occupied orbitais lecalised around the open {non-triangular) face.
These are similar in form to those found in cyclic planar
hydrocarbon5.3
2tlgs B
BSHQ, B5 117 BGHlO’ BlOHl4) have been calculated by the

Heats of formation of some boron hydrides (BH3, B 4H10,
molecular orbital bond index method. This gives a satisfactory
correlation with known data and hence has some predictive value
for molecules where such data are not experimentally determined.4
Analysls of the microwave spectra of 10 isotopic varlants of
methyldiborane, BzHSCH3, gave the structural parameters
summarised in (1) ({(all bond distances in R). The B-—-B distance

of 1.82(2)3 is longer than in related molecules.5

1. 34(6} 1.34 (4}

1. 20(1)'""'\ "( /“"-1 195 {4}
1.81(9) s \ / SN 118705)

{1}

Treatment of the borane anions BH4 . BBHG ¢ B4H9 ’ B9 14 with

one melar eguivalent of the Lewis acid Bx3 {X=F, Cl1 or Br} leads
to hydride ion abstraction. Thie gives good yields of B2H6’

B4H10' 5 11 and-BIOH14 respectively. A high-~yield conversion
of B.Hy to BgH14 is the first step in an owerall 50% conversion
of B.H, to B, H The hydride abstraction by BCl, and BBr

5% 10714° 3 3

precduces the new anions HBX3- {X=Cl or Br).6
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Ab initio m.o. calculations have been performed on the transtent

boron hydrides BSH7’ B3H9, BqHa’ B4le, and the fluxional BSHB
ion, with optimisation at the 3-21G level, At each minimum for a
given symmetry, the 6-31G level is extended by polarisation on

T

boron {6-31G*] and by correlation at the MP3/6-31IG lievel. The
most stable structures predicted are: Cq 2102 for B3H7, D3h 3003
for EBHB' C1 3111 for B4H8' th 4004 for B4H12 E?d sz 2102 for
B3H . For B_H, C 1103ST is only 4 kcal mol less stable, for

377 T2v
B4H the C5 2112 and C 4200 forms are less stable by 4, 6 kecal

b 2v B
mol * respectively. For BBHG the Cs 1104 form is less stable
by only 1 kcal mol L.’

fee oo

The adduct 32H4.2PM23 induces unsymmetrical cleavage of B2H6 or

BQHlO' Extension to B5H11 shows that such a reaction does not
take place in this case. The final reaction products were
Me3P.BH3, Me3P.B5H9, BSHQ and BZHG' The 1:1 adduct Me3P.B5H9
cannct be made directly from its constituents. N.m.r, spectra of
this adduct showed that 4 of the 9 borane hydregen atoms form
rigid terminal B-H bonds at the four basal positions of the sguare
pyramidal Bs Eramework, The other 5 hydrogen atoms undergo rapid
tautomeric motion below the four basal edges of the pyramid.8

Fenske-Hall LCAO-MO-SCF calculations have been performed on

BoHy, 1-Fe{CO),B,Hg, 2-Fe (CO),B,Hy and 1,2-[Fe (cO) 3] ,ByH,e  The
orbital contour diagrams for the a,; and e cluster molecular
orbitals for B H, and 1-Fe(CO]334H8 are consilstent with the
isolcbal principle. The apical and basal BH units of B_H, have

59
almost identical Mulliken overlap populations for framework

cluster-type interaction, In all the ferrakoranes the 1—Fe(CO}3
{apical) units have larger cluster-type Mulliken overlap than do
the 2—Fe(C0)3 {basal} units.9

Air-stable adducts BSHQ.L {L= bis{dlphenylphosphinc)methane,
dppm; 1,2-bis{diphenylphosphino)ethane, dppe; or
HNNN'HN'-tetramethylethylenediamine, tmen) and Bqﬂa.tmen are formed
by the action of the ligand on the borane at room temperature.
No cleavage of the B, unit occurs even with engss ligand. The
BSHQ complexes {derivatives of the thho-le-Il1 ion) were fully
characterised by X-ray diffraction. In the dppm and dppe adducts,
the phosphorus atoms bridge apical and basal atoms of a flattened
pyramidal B5 skeleten. The tmen adducts are very different, as
the ligand chelates one of the original! basal boron atoms, which

is then singly-bonded to the apical boron, and separated from the
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remaining basal atams by typical non-bonding distances.lo

{u-Dichloroboryl}pentaborane (9) is prepared by reaction (1) in
dichloromethane sclution. The product is an extremely air-

KE.H, + BCl, —m KC1l + (U‘ClzB)Bsﬂ ves 1)

578 3 8

sensitive liguid (spcntanecusly inflarmmable in air). it was
characterised by i.r., llB and 1H n.m.r.ll
The reactions of BCl3 with 35H9 or 2-Cl-—B5H8 give 1-(C128)BSHB,
l—(Clzs)-Z-ClBsH7 respectively, in the presence of Friedel-Crafts
catalysts. These are the first examples of o-bonding hetween
borane cluster atoms and external trigonal boron atoms. The B=-B
bonds are cleaved at high temperature in the presence of Et20, and
insert ethene at ambient temperature to form l—[z—(dichlorboryl)—
ethyl]pentaborane (9).1%

2-Aryl substituted derivatives of Bsﬁg can be prepared by
AlCla—catalysed electrophilic substitution of 2-C1B5E8 by varicus
alkylbenzenes, 1H n.m.r, data indicate that the site of attack
of the B5H8 group is sterically controlled.13

Crystals of bis(dimethylsulphide}-closo-nonaborane (7),

BQH7(SMe2)2, are orthorhombic, belonging to the space group

P21212l. The boron cage is a tricapped trigonal prism with one

Me25 bonding to a capping B aton, and one to a trigonal prismatic
. 14

B atom,

The structure and bonding in 1,10-510H8(N2)2 have been
elucidated by HeI and HeII photoelectron spectroscopy, X-ray
crystallography and m.o. calculations. The structure is based
on a closo—BlO bicapped square antiprism cage. The photoelectron
spectra were assigned using m.o. calculations on this compound and
on C1OSO-BIOH;Oi;'
similar to BH .

The B(Nz) unit is electronically very
3.1.2 Borane Anions and their Metallo-Derivatives.

Both m.0. and localised bond considerations were used to
rationalise the structures of closo-clusters with unusual electreon
numkbers. The arguments show that the degeneracies of the HOMO
and LUMO of c¢loso-, n-atam, (n+l) bond pair clusters provide a
better guide to the possible shapes of related clustexrs with 2
more or 2 fewer electrons than do localised bond schemes. The

latter do have some value in deducing the electron distribution
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and approximate bond orders in clusters of known Etructure. The
calculations particularly concentrated on Banzh and Cp4H4B4H4
™ = Co,Ni).® '

A new thecretical approach has been proposed for bonding in
closo-boron hydrides Banz-, in which each boron atom is considered
to bond directly to all cother beron atoms, A simple relationship
was found between the energy and internuclear distanoce, which
allowed the assessment of a large number of complex molecular
polyhedra.l7

A description has been given of some sample bonding schemes for
some eight-vertex, DZd' dodecahedral cluster compounds which
vicglate Wade's rules, e.g. Cp4H494H4, where M = Hi or Co, The

bonding requires the arrangements {(2a) and {2b) for both M, and

{2¢) for Co only.l8
)‘B B Co—B o B
\\B B B— Co B Co
{a) {b} (c)
(2}

H
1.y V.sn
Fe B
1.970
{3)

Electrochemical ‘'data have been given on nonaqueous scolutions of
cobaltaboranes or ~carbaboranes in which one or two boron atoms
have been replaced by phosphorus or arsenic, One or more
reversible electron-transfer reactions were found for each
compound. Oxidation states from zero to +4 were all detected;
the preferred oxidation state was determined largely by the
formal charge on the borane ligand.19

HFe(BHz)(CO)l2 has been prepared from B2H6
FeZ(CO)g. Spectroscopic and X-ray diffraction experiments show
that the structure contains an HFeq(CO)12 "butterfly" with a BH,

Fe(CO)6 and excess

fragment bridging the wing tips. The Fe~H-B interaction is as
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shown in (3).%°

The crystal structure of NEt4+[Mo(CO]B{HB{3,5-Me2pz)3}]_, where
HB(Mezpz)3 is hydridotris{3,5-trimethylpyrazclyl}, shows that the
boron ligand is tridentate, cocrdinated to facial octahedral sites
about the molybdenum.2

In strongly acid media, the hydrolysis of hydro{pyrrolyl-1}-
borates ([BH_(NC,H,) 17, n = 1-3) takes place in a stepwise

manher, Neutral grqmildly alkaline media cause a general acid-
catalysed hydrolysis.22

The Raman spectra of the 10B and 118 isotopic forms of BH4_ and
BD4_ isolated in alkali halide matrices have been reported, The

23

effects of Fermi rescnarce are significant, Farther studies of

the vibrational spectra of BH4_ and Bnq- isolated in alkali halide

matrices showed that if the lattice has the Nall structure, then

the anion preserves Td symmetry. For the CsCl structure, the
24
3v*
The minimum energy path and geometry of the transition state for
the first stage of the reduction of R2CO {where R = H or Me) by

LiBH4 have been determined by ab initio SCF calculations using a

small basis set. These were confirmed by further calculations

anion symmetry is reduced to C

using a larger basis set with configuration interaction.25
Mg(BH4>2
forms monoclinle crystals (space group C2/c), and the BH4 is

coordinated in bidentate fashion to the magnesium.26

.3THF can be prepared from HgH2 and B2H6 in THF. It

Electron diffraction results on Ti(BH4}3 have been reported.
I.r., u.v. and photoelectron spectra have suggested terdentate
coordination, and it was possible to analyse the data on this
model, i.e. Ti[(u—H}3BH]3, i.e. nine-fold coordinaticon of the
titanium. The TiB3 skeleton is non-planar (with ZBTiB
approximately 1160), and vibrational data also were consistent

with approximately C 27

v symmetry for the TiB3 skeleton.
[CHz(C5H4)2]TiMH4, where M = B or Al, contain bidentate MH,
groups, (4}. The boron compound is prepared Irom CH2(C5H4)2T1C12
and LiBH4:
LiAlH4 in ether.

[Ti(salen)clzj, where salen = NN'-ethylenebis{salicylidene-

the aluminium compound from the boron compound with
28

iminato}, reacts with LiBH4 in Etzo to form
[{ Ti(salen) {PH,) ,},].2THF. The i.r. spectrum shows that vC=N
has disappeared, but that strong vTiH and vBH bands are present.

The crystal structure shows that the dimeric units contain seven
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QB

N

N Q Ti

Nt o N

H.B

I~ e,
g2

coordinate titanium, (2).29

The final product cof the reaction of BH3.THF with szzn!e2 is
szzr(Bﬂq)z. llB n.m,r, spectra show that the reaction proceeds
vla intermediates containing coordinated BHJMe and BH2M92
ligands. Hence this reaction is a formal insertion of BH3 into a

Zr-CH, bond. The intermediates react further with boramne to give
a complex egquilibrium mixture of alkyldiboranes, BzhenH

30

6-n’ and
zr{BH4) groups.
The Hel u.v.-photoelectron spectra of H{BH4)4, where M = Zr or
HE, have been analysed with help from LCAO-HFS{Xg) calculations on

the zirconium compound. The proposed assignments differ
somewhat from those in earlier work.

(u—H} ,BH,Cr(CO},” is a by-product of the reaction of BH,.THF
with HCr(cO)5 . The crystal structure showe the presence of the

unit (g).32
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o
O\C ¢ H _H
‘\\\éf//’ ‘~\\B//,/
SV
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o ]
o

(6)

{Triphos)Cu(EHQ], where triphos = 1,l,l—tris[(diphenylphosphino)-
methyl]ethane, CH,C(CH,PPh,}
unidentate attachment of the BH, ligand. The Cu-H-B unit is

4
bent, with an angle of about 1210.33 Reactions between

37 has been shown to involve

chlorotris{methyldiphenylphosphine) copper(I} and several
hydrchorates containing a B-0 bond have been studied. The new
complex (thﬂeP)3CquB(02CCH3) was isolated.34

50lubility was studied at 25°C in the system NaBH4—La(BH4)3‘THF.
There is a mutual increase in sclubility of both tetrahydro-
borates.35 in the La(BH4)3-Mg(BH4)2-THF system the lanthanum
tetrahydroborate solubility increases to & mass % in the presence
of Mg (BH4}2.36

[Bu4u] [}354] reacts with Ln{(BH,),.2THF, where Ln = La, Pr or Nd,
in benzene at 20°C to form [Bu4N][Ln(BH4}4(THF)] at a 1:1 ratio,
or [Bu4N]2[Ln(BH4)5] at 2:1 or 3:1 ratios. I.r., and 1H n.még.
data were recorded, but no structural conclusions were drawn.
The following complexes have been cbtained in crystalline form:
NaLn(BH4]4.4DME,3ghere Ln = La, Ce, Pr, Nd, Sm or Eu; DME =
dimethoxyethane.

The crystal structure of [{PhaP)2N]+[82HT]_.CH2C12 reveals the
structure of the B2H7 ion. The key result is that the B-H-B
bridge is bent, (7}, with ZBHB = 136 (9 °, The staggered
conformation gives CS symmetry, and the B----B distance 1ls quite
short (2.107(1)K). The results are in conflict with ab initio
m.o. calculations, which suggest that the B-H-B bridge should ke
linear, at least in the gas—phase.39

B3H8_ reacts with mercury (I} halides to form the substituted
anions B§H7Cl P ?3H6Cl2 and BQH?BI . Treatment of B3H7Cl wikh
CN", SCN , BH,CN yields BjH,X , where X = CN, NCS or CNB
There was some evidence for the formation of 3337F from
Hg2F2.4O

3H7.-
B3H8 and
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The electrochemical oxidation, in acetonitrile solutions, of
B3H8- and [BjH,L]™ (where L = Cl, NCS or NCBH,) was studied by
cyclic voltammetry and controlled potential coulometry. Scme
new complexes were prepared, e.qg. [Cu(HsBCNB3H7}(PPh3)2]: the
first example of a substituted tetrahydroborate complexed to a
metal.41

The crystal structure of [ (PhyP) N} *[B;H_NCS]™ shows that the
anion contains an unusual asymmetric face-bridging mode for one
hydrogen atom, (§3.42

N >,
H 4‘!{\ H Bi-—lr//
—sal N L /

(8) (9)

SCH

Metal-boron bonding in 3 metalloboranes has bheen studied:
(Me2PPh)2PtB3H7 {"borallyl® form}, {OC)4HnB3HB, and the ferra-
borane {OC)GFezB3H7 {formally a dimetallapentaborane)}., The
extended Hfitckel technique was used. Important aspects of the
structures can be rationalised in terms of the frontier-orbital
behaviour of the triborane fragments, as a function of the

triborane geometry.43

Reacticn of closo—Bloﬂloz- wlth trans—[Ir(CO)Cl(PPh3)2] in
methanol gives as one product [1,1,2—{00}3—1-(PPh3}-2,2—(Ph2P-

ortho-éGH4)2—closo—{1,2—Ir2E4H2}]. The structure of this is

based on a closed octahedral IrzB4 cluster, with metal atoms at

adjacent vertices, (2).44

Nido-Bgﬂlz_ reacts with trans—[Ir(CO)Cl(PMe3}2] giving several
new compounds, including the arachno-l-metallapentaborane

1,1,1-{CO} {PMe_ ) _ {1-IxB H_}|. Thils has the same relationship to
372 479
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Hy -

arachno-B.H as does nido—[l,l,l—(CO)3(1—FeB4H y] to nido—B5 9

> 11 11 31
The new compound is fluxional, and its n.m.r. {("H, B, P)

spectra were described.45

The twO anions BSHS and B9Hl4 react with CoCl2 and LiCSMe5

THF in guite different ways. BSHB- gives a large, structurally

diverse range of products, none in greater than 5% yield. The

in

main ones are 2—(C5He5}CoB4H8, 1,2-(C5HES)ZCOZB4H6,
1,2,3—(C5Me5)3003B4H4, with others which do not have C

analogues, e.qg. 1,2—(C5Me

H_

575
5)200255H7. Thermolysis of this leads
to less of hydrogen and formation of (CSMeS)ZCozBSHS,
2n-electron cage system with a capped-octahedral geometry.

a

39H14_, on the other hand, gives only 4 reaction products, and all
have 10-vertex cages, either CoB_, or Co,.B analegous to

9 278’
BlOH14= 6—£C5MES)COBQH13, 6,9-(05Me5)2C0236H12, 5,7—(C5Me5)2C02—
B8H12 and the 6=-chlorc derivative of the last.

X-ray diffraction of (n5—C5Me Co_B,H, confirms the structure

5} 3C0384H,

as a closc—C0333 octahedral unit, with the Co3

as in the CSHS analogue. There is severe steric crowding of

CSMe5 ligands, leading to distortions of the ligands, and

lengthening of the Co-Co honds. The structure is as expected
17

face-capped by BH -

from the electron—-counting rules.
NaCo(CO)4 ang 2-XB5H8 {where X = Cl1l or Br) react by equation {2).

2XB.H

(Hg + NaCo(co), » 2-[Co(cO),IB.H, + NaX eea (2)

The preduct is, however, only stable for a very brief pericd.
LiBSH8 and [(nS—CSH5}Fe{C0)2I], on the other hand, give the
reasonably stable 2—[n5—C5H5Pe(CD)2:[B5H3.48

A detailed vibrational assignment has been made for the BGH62-
ion, from the i.r. and Raman spectra of the Cs+ and NMe4+ salts,
and for the isgelectronic 1’6_023436‘ The latter appears to have
stronger B-H and B-B bonds.49

SCF-type Hiickel m.o. calculations on BGH62-' 1,6—C234H6,
1,2,4~[C,B,H_Fe(CO},], [Bg(CO} H Fe(cO), ], [B,H {Fe(cO) },],
[BjH {Fe(cO),},] and the hypothetical [asaspe{co)3]2'
[BSH7Fe{OO}3] and [B4H4{FE(C0}3}2]2- have been carried out, The
overlap populations bonding the BH, CH and B{CC) groups intc the
clusters show that all have akout two electrons associated with

¥

them, The ‘'extra’ electron from CH or B{(C0) has become

delocalised into the cluster bonding.so
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E.H.M.0, calculations were reported for sandwich complexes
derived from nido-pentagonal bipyramidal BGH64— and C234H62"
ligands, and compared to those for cyclopentadienyl analogues.
Examples were Fe(BGH6)26_ and [FeHZ{BGH6)2]4-' The calculations
can explain the electronic factors which prevent the formation of
stable 'bent sandwich' compounds derived from pentagonal borane
1igands.51

Other extended Hfickel m.o. calculations have been carried out
on the related closo-platinaboranes [(HBP}ZPt{BGHs)]Z- and
[(H3P}2Pt(BllH11)]2- and the closo~carbaplatinaboranes
[(B,P) PL{C B, H)] and [(H,P) Pt (C,BgH, 3], These suggest that
the larger "slip" distortions in the pentagonal bipyramidal
derivatives are largely due to the different metal-ligand
interactions induced by different elevation angles of the
substituents on the pentagonal faces of the 1igands.52

[(PMezPh)z{PtzBaﬁlq)] contains four-vertex and eight-vertex
subclusters {Ptsz} and {Ptzﬂﬁ}, linked via a common Pt-Pt edge.

It may be regarded as an iso-arachno-diplatinadecaborane, (10).53

Direct electrophilic substitutions can be carried out on Bgﬂgz-
in non—-aqueous sclvents in the absence of oxygen. The products
include [BQHBNR3]-, where R = H or Me. Bllﬂnz' with acetic
anhydride in DMSO produces a dimethyl sulphido derivative; this is
fluxional in solution. These were the first examples of non-
halcgenated derivatives of the B9 and Bll polyhedral boranes.54

BQH92— reacts similarly with acetic anhydrige/DMSOiggiving two
isomers of BBHBSHe2 . vVariable temperature H and C n.m,r.
spectra showed that these provide the first examples of intra-
molecular rearrangement of a 9-boron cluster. The activation
barrier to this dynamic process is 22 kcal.mole-l. Prolonged

reaction gave di-substitution, but only one iscmer,
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l,S—BgH?{SHez)Z. This showed dynamic behavicur at or abowve
ambient temperature, probably involving equilibration with 4,5-
and 1-8(9) isomers.>>

Crystal and molecular structures have been determined for

S 5

6-1n gSMeS]CoBngj, 6,9-[n CgMeg] ,CO,B H, o,
5,7-[n7~CgMe ] ,Co,BH, , and 6-C1l-5,7=n ~CgMe] ,Co,BgH, ;. All
have 10-vertex nideo-cage structures, similar to B,.H.,, with one
situated as in B,_.H itself.5

10814
B
10714

or two borons replaced by Col(C MeS). The bridging hydrogens were

Iridancna- and iridadecaboranes which have adjacent open-face
bridging hydrogen atoms and terminal Ir-H bonds can easily lose H2
in formal cluster oxidations which involve stable, isolable Ir(V)
species such as closo—[H(PMea)2(IrB9H9)].57

Crtho-cycloboronation reactions cof P-phenyl groups on phosphine
ligands in iridadecaboranes accompany both nide cluster expansion
and pido + closo cluster closing processes associated with changes
in formal oxidation state of the metal. One product has a new
cluster structure - an iso-closo ten-vertex Ir{V) unit {IrB,B.B,)
of idealised C3, Symmetry, i.;.sgl,l,l—H(PPh3)(PhZP-ortho-

¢6H4}—iso-closo—(l—IrBQHa-z_)

Arachno-BgH,,” reacts with trans-[Ir(co)Cl(PR,),], where R = Ph

or Me, or [{M(cod)cl}2], where M = Ir or Rh, to give low yields
of nido-6-metalladecaboranes: [6-H-6,6-(PR3)2—EEQE-6—IngH13],

where R = Me or Ph, or [6-{n2:nz-cod)-6—01—5199—6-MB9H13]
M = Ir or Rh. They were characterised by single- and multiple-

, where

resonance n.m.r. and by single-crystal X-ray analysis of
[G-H—s,6-(Pph3)2—51g9-6-1rsgula].59

BlOH14 reacts with slurries of elemental Ni, Zn or Co (formed by
the potassium reduction of MCl2 in ether solutions) to give the
10H12)22' complexes, with M in the +2 oxidation
state, The yields were hetter than for othgg preparative methods,

correspeonding M{B

Other boranes may undergo similar reactions.
An 1lmproved method has been reported for the synthesis of

B, H..NEt, , from B. .H., and NMe,.BH,. The crystal structure of

12711 3 10714 3 3
KBqulNEt3 was determined, showing that the umit cell dimensions
are considerably greater than in M2312H12.61

The vibrational spectra have been reported for H2512x12 (X = H,
D, Cl, Br or I; M = K or Cs}) and assigned, using data on solid-
phase and solutions. All of the anions follow the selection
rules expected for the Ih peint group in the solution spectra.
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Changes in the spectra of the sclids due to crystal field effects
were discussed.62
The adducts 002B12H12'DL (where L = urea, n = 3,5~-8) have been
made for the first time, Chemical analysis and X-ray diffraction
show that they are definite compounds.63

[7-{PMe2Ph){T-PtBlﬁﬂla—Q'-(PMe2Ph)}] is a complex of a
macropolyhedral, lé-vertex borane ligand. The latter is based omn
the structure of a so far unknown BG-BIO conjuncto-borane. The
complex is the first example of a contigucus 17-vertex cluster
species.64

Reaction of the deprotonated anti-isomer of B,gHqg and ¢is-
[PtClziPHezPh)z] produces the expected [(Pt—nd—gggi-BleHzo)-
(PMe2Ph)2], and alsc a novel u-nl, nz-lsomer, with the Pt(PMe2Ph)2
group bridging the two edge-linked Blo clusters, as well as a more
compact diplatina-derivative, [{PtzBIBHIG)(PMeZPh}4]. In the
last, the new confacial conjuncto-borane unit 818516 is
na—bonded to one Pt(PMezPh)z, and {n4 + nz)—bonded to the other,
If Ex£_2§8H22 is used, a third isomer of [{PtBlaﬂzo){PMezPh)z] is

formed.

3.1.13 carba- and other Non-metal Heteroboranes.

Closc-carbaboranes that can be formally divided inte rings and
caps follow a six-electron rule. The relative stability of
isomers for a glven carbaborane depends on the size of the ring on
which the polyhedral structure is based. In 3- and 4-membered
rings the CH group fits in as the best cap, Thus the stability of
1,5—0253H5 is greater than that of 1,2-C2B3H5. The BH group,with
more diffuse orbitals, overlaps better with orbitals of a
S—-membered ring: hence the stability segquence 2,4-C2B5H7 >
1,2-C285H7 > 1,7-0285H7. The orbltals of BH are not diffuse
enough to overlap favourably with the orbitals of a 6-membered
ring. Bence C2BGH8 preggrs a dodecahedron to 2 hexagonal
bipyramid configuration,

11B and 13

nido-2,3,4,5-tetracarbahexaboranes (6}. Selective heteronuclear
i1

C n.m.r. data have been reported on peralkylated

triple resocnance experiments 13C{1H,
67

B} enabled various isocmers

to be characterised.
M,o. and bond energy calculations were used to probe changes that

occur when B, H reacts with C_H, or C,H., to give H, and closo-

4710 24 272 2

carbaboranes 1,2- and 1,6-C284H6, via arachno—~ and nido-precursors.
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The driving force for stepwise cluster oxldation is provided by
progressive increases in B-C bonding, accompanied by transfer of
electronic charge to the carbon atoms, The system can be used as
a model for the behavicur of unsaturated hydrocarbons on surfaces?8
A technigue has been reported for revealing the spin-spin
coupling (and hence direct bonding) interacticns in borane or
heteroborane frameworks — this involves two-dimensional,
J-correlated 113—11
2,3-Et2(.‘2B4H6 and 6-(C5M&5)COBQH&g but the technique is believed
to be of widespread application.
2R’}C02(C0)6,r where R,R' = H,Me or Et, catalyse
the reaction of alkynes (acetylene, 1- or 2-butyne} with small
carbaboranes (1,5—C233H5, 1,6-C,B,H_, 2,4—C235H7 or 2'3-CZB4H6)'
The reaction products are the correspeonding B-substituted
alkenylcarbaboranes: (RHC=CR}nC2B3H5_n, (RHC=CR')nC2BdH6_n,
{RHC=CR') C,B.H, = and {(RHC=CR') C,B,Hg . The degree of

carbaborane substitution is varied by altering the reaction

B F,T. n.m,r. Results were guoted for

The complexaes (RC

conditions, and all degrees of substitution, up to complete
replacement of B-H units, could be achieved.?o

The rates of rearrangement of 5- and 3—CH3-closo-2,4-C2BSH6, at
295°C, to gilve g-—CHB-closo-—Ld—CzBSH6 have been measured. The
data c¢ould be ratiomallsed much better by the diamond-sgquare=-
diamond mechanistic route than by the triangle face rotation.71

Both 3-Cl- and 5—Cl—closo-2,4-C2BsH6 react readily with MeBE
{where E = N or P} to form 1:1 adducts, BCl3 removes chloride
ion from these adducts to give the novel cations
[3-M93E—closo-2,4-0295H6]+ or [5—He3E~closo-2,d-CZBSH6]+.
Trimethylamine reacts with l—-Cl—cloao-—Z,é—CzBSH6 with greater
difficuity, but the 1:]1 adduct combines with BCl3 to yield a
rearrangment product: [3—Me3N—gl2§9—2,4—C255H6]+[Bcl4]_.72

The complete assignment of the B n.m.r. spectrum of
5,6-dicarba-nido-decaborane (12), 5,6—C2BBH12, has hkeen achieved73
by exanining the spectra of a number of substituted derivatives.

A varlety ©of experimental evidence suggests that the electron
donor abllities and steric requirements are very similar for the
Bgczﬁllz_ carbaborane cluster and the n5—05Me5 ligand.74

The crystal structure of the tetramethylammonium salt of
7-phenyl-7,8-dicarba-nido-undecaborane, [Phc289Hli]—' shows that
one of the hydrogen atoms of the anion is centred above a

pentagonal open face of the carbaborane polyhedron, at a distance
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of d.BI(S)R from the average plane of this far:ﬂ.?5

Base degradation of p-carbaborane is promoted by the crown ether
18=-crown=6 in KOH. Thus, 1,12-(:2}310!{12 gives
[K(lﬁ-crown-ﬁ}][EEQQ—Z,Q—CZBQH&él, from which a number of metallo-
carbaboranes can be prepared.?

Racemic ({*}~-5,6-dlcarba-nldo~decaborane {12) can be converted
into its laevorotatory enantiomer by means of {+}=-N-methyl-
camphidine.77

The molecular structure of 1,12-C2He2310510 has been determined
by gas-phase electron diffraction. The following bond lengths
were found: B-C, 1.716(13)8; B,~Bg, 1.777(7) &; B,~B.., 1.766 (201 X;
c-c, 1.533(19)8; B-H, 1.216(19)K and c-H, 1.088(3)K. 78

Phenyl-9-m-carbaboranyliodenium tetrafluoroborate,
[CzﬂzBloﬁgIPh}+BF4-, proves to be a general "carbaboranylation”
reagent, with, for example, RCOONa (R = Me or Ph) producing
9-E-czuznloﬂgocon.79

8-Organc-substituted o- and m-carbaboranes and 2-organo-
substituted p-carbaboranes can be prepared by the substitution of
iodine in 9-iodo-o-, %-iodo-m- and 2-jodo-p-carbaboranes, using an
organomagnesium compound with catalytic amounts of palladium
phosphine complexes.so

The first preparation of a series of compounds of I{III) with a
carbaborane unit has been announced. All contain B~I bonds:
9-C2H2310H91x2, where X = Cl or OCOCF3.81

Mclecular moticn in o-carbaborane has been studied by determining
the proton second moments and spin-lattice relaxation times 7T
Tlp in the temperature range 77—320K.32

B-mercurated and B-thalliated carbaboranes react wilth Se or Te

1 and

270-

(E=S8e, n=2; E=Te, n=1).

to form carbaboranyl derivatives with B~Se or B-Te bonds, e.g. as
in equation (3}.83

3.1.4 Metallo-heteroboranes.
The reacticn of Co(PEt3)4 with closo-2,4-Me2-2,4-CzB5H5 produces
a novel dicobalthydride-complex containing a phosphido-bridge:

4—(EtBP)-l,?-Me2~u4'8—fCO(H){PEtJ}Z—u(H)-u(PEtz)}-l,4,7-CCOCB

H

574"
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Fe{CNBut}s, on the other hand, forms a menonuclear eight-atom cage,
in which the iron atom has a cluster convectivity of 5: 4,4,4-

£ 84
{Bu"NC) ;-1,7-Me,-1,4,7-CFeCB H,.

The crystal structure of 6:4',5’—[(n—CSH5)Co-2,3-He2C284H3]-

[2',3'—Me2C2B4H5] shows it to be a coupled cage cobaltacarba-

borane, The two cages are linked by a three-centred B-B-B bond.85
The first known examples of borane-metal-carbaborane sandwich

complexes have been prepared - from BSHS_ or Bgﬁlqt and COCIZ/THF,

followed by the addition of R,C,B,H {where R = Me or Et})., Thus,

2727475
from BoH, and Et,C,B,H; are prepared [2,%—Et20234ﬁ4]—2—C0[55H10];
[2,3~Et,C B H, J-5-Co[BH,,-1-0(CH,) ,] and |2,3-Et,C,B,H;]-5-

CC[BQle—l-O{CHZ)d]. The reaction conditions must be controlled
very carefully to give these preoducts, which were characterised by

llB), i.r. and mass spectra, and {in some cases) by

n.m.r, (IH,
X=-ray diffraction.86 These were reported in detail for
[2,3-Et,C,B,H,]-5-Co[ByH, ,-1-0(CH,) ], [2,3-Et,C, B H.]-5-
Co[Bgﬁlz—l-O{CH2)4] and [1,2-Et,C B H,]-6-Co[BH, -2-0(CH,} ].
The borane and carbaborane are bonding simultaneously to Co, and

the CoB9 unit is similar to the B10 cage in B10H14' The
carbabhorane units are {respectively) a 7-vertex c1050~CoCzB4, a

6-vertex nido—CoC233 and a 1lC-vertex closo-CoC2B7 framework.87

Electrochemical data have been presented for & iron or cobalt
metallacarbaboranes with 5-7 vertices, Cobalt compounds such as
CpCo{CzBdHS} can undergo one oxidation and two reductions, all
one—electron. Only the first reducticn (CoIl to Coi} is fully
reversible, The nido-gobaltaborane 2—CpCoB4HB undergoes
reversible reduction te a Co{IIl}) moncanion., Campared to larger

clusters, the small clusters stabilise high metal oxidation
states.88

The conversion of the red, diamagnetic sandwich complexes
(R2C234H4)2FEH2 oxr (R2C284H4)2C0H (where R = alkyl) to the
corresponding R C4BBH8 carbaborane via oxidative fusion of the

formal R20234H4 ligands has been considered in detail. The

reaction is intramolecular with respect to the ligands, as no
alkyl exchange occurs in reactions of mixtures of (R2C284H4}2Feﬂ2

and (R'2C284H4)2F9H2.
produce purple, paramagnetic di-iron complexes (R2C234H4}2Fe2(THF)2.
this gives R,C,B.H. and hence it 1s an

2 4747878 89
intermadiate in the oxidative fusion of the mono-iron system,

THF solutions of the lron complexes

In the presence of 0

X-ray diffraction studies on the paramagnetic di-iron complex
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with R = Me, and a related one containing (OMe)ZCZH4 instead of
THF, showed that they can be formulated as

iz iz _
[Me,C,B,H,],(Fe’ " (low-spin)][Fe (high-spin)] L, (where L, = 2THF
or (OMe),C.H,}. Cne iron atom is sandwiched between two

2;274
Me,C.B H 2= ligands, with a second iron in a 'wedging” position,

2727474
coordinated to the rest of the complex by four Fe-B interactions.
The ‘outer' iron is the high-spin one.

Closo-2,4—R2—2,4—0285HS {where R = H or Me) and
[Ptz{n-COD)(PEt3)4] react to give the carbaplatinaboranes
4,4—{Et3P)2—1,7-R2-l,4,?—CPtCBEH5 and 1,1-(Et3P)2—6,6—(EtaP)2-
4,5—R2—1,4,5,6~PtC2PtBSH5. X-ray diffraction was used to
establish the structures of these derivatives.91

It has been possible to produce the 10-vertex closo-metalla-

5 .4 5 .5 .
carbaboranes 10-n -C5H5N1 n —1-CBSH9, 6-n CSH5N1 n =1 CBaHg,

5 . 5 51 - i
{n~C H-Ni) ,~1-CB_H, and [2-n”-c H.Co n2 1-CBgH,] ™ from 4-CBGH

e.q. by treatment with NaOH and Nisz.

Polynuclear Co{III} m-complexes of the bidentate (ﬁ—Baczﬂlo-ﬂ)4_

ligand have been prepared, with more than 3 cobalt atoms present.

14°

It was possible to isolate and identify Cs4[Bgc Hyg) o

C°4(38C2H10>3]’ but no structure was indicated.

The synthesis of l-substituted functional derivatives
3-m-CpFe  l-n-C_B_H. -1-R (where R = CH,OH, CHO, COOH, COMe,
III__n_1 2-
L

CﬂchOH etc) hai geég reported. The gioup 3-m-CpFe

C2B9H10—1 was shown to be strongly electron-withdrawing.g4
Bis(arene)iron(II} salts {where arene = mesitylene or

hexamethylbenzene} or the benzenedichlororuthenium(II} dimer react

with T1[3,1,2-TlC

7-{arene)MC_B

2BQH11] in THF to produce neutral, alr-stable

9“11 {M = Fe or Ru). These are formal analogues of
[ﬂ-(arene)M +{C5H5)]. Single—-crystal X-ray diffraction for
3,1,2--(n6-1,3,5-c6H3Me3)Fe02139H11 o
structure expected from the electron-counting rules.

confirmed the closo- sandwich

The crystal and molecular structures of the triethylammonium
salt of [Co(cngﬂll}zj- show that in the sandwich structure the
CzB3 faces interacting with the cobalt are almost parallel

{dihedral angle of 3.?0). The two C259H112_ ligands are mutually

rotated by 37°. There were no significant distortions from

twelve-vertex closo geometry.96
Halogenation of Cs+[Co(C2BQH11}2]_ by elemental halogens in

alcchol, and y-irradiation-induced halogenation by CHBr3, CHCl3

or CCl4 in polar solvents proceeds alternately in both ligands.
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The successive series of products is 8-, 8,8'-, 8,9,8'—,
8,9,8',9'-, 8,9,12,8%,9'- and 8,9,12,8',9"',12*, Thirteen
different halogen derivatives were produced and characterised.
Sulphuric acid nitric acids convert [closo—3,3—(PPh3)2»3—H-
3,1,2-—Rhc2}39H11] to |closo-3,3—(PPhJ)2—3*—H504—3,1,2-RhC2]39H11]
and |closo-3-PPh3-—3,3-(N03}2-3,1,2—RhC239H11] respactively {the
latter was also produced by the reaction of the hydrido complex

97

with N02/N204). These products were then used to prepare other
new metallacarbaboranes, e.q. [closo—B-PPha—B,B—(é(Ph]—C(PPh3)-
c(u)-c(Ph)}—3,1,2—§hczagun] and [{_q_l__q_g_g-B-PPha-B-(p—CN)-3,1,2—
RhCZBQHll}4]. Both of these were subjected to X-ray single-
crystal diffraction, and their molecular structures determined.
[Fel, (2,3-Me,~2,3-C,B,H,),] reacts with [cotPEL,) ],
[?tz(u—COD}{PEt3)4] or [Fe{COD)(n-CSHS)] to give (respectively)
the dimetallic species: [CoPe(MedchaHB}(PEt3}2],
[FePt (Me, C,BgHy) (PEt,),] , [Fe, (Me,C BgHy) (n-C;Hg)].  Each contains
a direct metal-metal bond. The FeCo compound belongs to the

98

structural family involving two pentagonal kipyramids fused about
a common iron apical vertex, and sharing a double-capping BH
group.99

C- and P-mercuricarbaboranes react with lanthanides {La,Tm,Yb)
in THF at 200°C to form carbaboranyl derivatives of the
lanthanides with either C-Ln or B-Ln bonds.100

[Ir(c-carb)(CO){PhCN}(PPhs}], where carb = —7—C6H5—1,2-C2810H10,
is an effective catalyst for the homogeneous hydrogenation of
terminal clefins and acetylenes at rcom temperature and H

pressures below atmoapheric.101

2

3.1.5 Compounds contailning B-C or B-Si Bonds.

A detailed i.r. and Raman spectroscopic study has been made of
Ci,NC-BH,,
vibrations were assigned, except for the internal torsion, on the
basls of Cav symmetry. The wN=C mode increased by about lSOcm_l
on complex formation. The B~C stretching force constant was cal-
culated to be 2.90mdyn.2-1, compared to the N-B value of 2,45
mayn. 8 1n cuon-Buy, 102

The i.r. and Raman spectra of K[CHBIOBF3], K[CH3llBF3] and
K[CD311BF3] have been reported and assigned, and a normal

coordinate analysis carried out on the anion. The crystal

for several isotopic specles. All fundamental

structure shows that in the s0lid state the symmetry of
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[cu CF,]” deviates only slightly from C, .. The B-C distance
(1.5?5(3)2] is the shortest, and the mean B-F distance {1.424(5}2)
is the longest yet found in organcberate compounds.loaa

Ab initié m,0. calculations on vinyldifiuoroborane, (HZC=CH)BF2,
show that there is a n-contribution of 23 kJ.mol_l to the B-C
bond energy, mainly due to the interaction with the C=C bond.lO3b
A general synthesis has been developed for dialkylvinylboranes,

by the monohydroboration of alkynes by R2BH.104

— A

Several new {ns-divinylborane)metal complexes have been prepared,
e.g. (11), from (CH2=CH)ZBC1 and 1/3Ru3[CO)12, and (12, where X =
OMe, Me or Ph}. A1l were characterised by C and H analysis,
n.m.r. and mass spectra.lo5

MNPO m.o. calculations, using UHF functlons, have been carried
out for BMEB' AlMe3, for their meolecular cations, and for all the
fragment ions in their mass spectra, together with the
corresponding neutral fragments.106

MezB+ and MeZA1+ are the principal ions produced by electron
impact on Me3B, He3A1 respectively. Measurements of haiide
affinities show that the aluminium icn is ca, 9 kcal.mol more
stable than Me2B+, and also a softer acid.107

Published enthalpy data for simple {trigomally ccordinated}
boron compounds have been used to calculate bond enthalpy terms
E({B-X} for their B-X bonds, where X = N,0,F,C1 or Br. These vary

with bond order, ni{B=X), as follows:
m
E(B-X) = A[n(B-x}]

where A depends on X, and m varies between 0.20 and 0.65. It was
posslible to estimate enthalpies of atomisation and standard heats
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of formation cof gaseous mixed boranes, e.q. BRleR3 {containing H,

alkyls and/or halogens} which have not been measured experimen-—
108

tally.

A detailed study of the infrared and Raman spectra of
cycloprdpyldimethylborane shows that only one conformer is present
in the gaseous, ligquid and solid states. This i the 'bisected’
structure of Cs symmetry, A complete wvibrational assignment was
proposed, except for the BC2 and two methyl torsional mcdes.109

Exchange reactions between triorganylboranes, R3B, where R = Me,
Et, nPr, iPr, nBu, iBu, sBu, tBu, CGHll or Ph, and borane, BH3,
in THF or dimethylsulphide were followed by 1lB n.m,r. A number
of mixed specles were identified. The reactivity of the organyl
boranes REH, and RzBH depends on both steric and eiigtronic
effects, and on the donor strength of the soclvent.

Boron s binding energles hawe been determined by X-ray
photcelectron spectroscopy for the tetraphenylborates MBPh4, where
M = Na, K, Rb, Cs or NH4.111
l3C n.m.r. parameters for phenylethynyl borane, e.g. B{CECPh}3
and B{CEcPh)4_, provide some evidence for B-C: (p-p)r-bonding. It
is, however, weak compared with the C-C:z (p-pin-bonding in
phenylethynyl carbocations.ll2

Tris (l-norbornyl)-, tris(2-norbornyl}- and tris{7-norbornyl}-
borane can be prepared from BF3.0Et2 and l-norbornyl-lithium,
2- or 7-norbornylmagnesium halides respectively. The products

13 11 113

were characterised by 1i.r., C and B n.m.r. spectra.

Bis (dimesitylboryl}methane can be prepared according to equation

+ LiF aoe {4}

2

Mes,BCH,Li + Mes,BF —» Bl CH
2 2 2 2

2

{4}, where Mes = mesityl. The s0lid is air-stable, but sclutions
are rapidly oxidised.ll4

If isonitriles are treated successively with organolithium

1.2
£BUNC + RLi » tBuN=C(RILi — PR R o tmuN=c(R)BRR

~LiX

2 .o (5)

compounds and aminchalobcranes, the products are monomeric
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carbiminoboranes, equation (5}, where R = nBu, Rl = HHez, R2 =
NMez, Me or Ph, X = halide.115
351)3CL1 with BF3 in Etzo/THF produces
C(SiMe3)3]. This, on oxidation of phenyl-

The reaction of {Me
(Messnsca(r)[p(cuz)4
lithium, forms the phenyl compound {Me3Si]3CB(Ph}[0(CH2)4C-

(SiMe3)3]. In the latter the three bonds to boron are coplanar,
and lie approximately perpendicular to the plane of the phenyl
group.ll6

Nl A&
e X

(23)

The radical anion from tetra-t-butyldiborane {4}, {(13), is
generated from di-t-butylchloro~ or di-t-butylbramoborane by
reduction with NHa/EK alloy. It was identified by e.s.r.l17
can also be made by treating the parent dihorane {4) with Na/K
alloy. The reductive dimerisation of di-t-butyldichiorodiborane
{4) produces tBuaBa, which was identified by 11B n.m.r.118

The silylborates Li{RB-nB[SiMQB]n+l} are prepared by the reacticn
of LiSiMe3 and methoxyboranes Ra_nB(OCH3}n (where n = 1-3), Two
isomers were found for LiB{SiMe3)4, but only one could bhe isolated.

Trimethylsilylboranes are stronger Lewis acids than the
119

It

corresponding t-butylboranes.

3.1.6 Compounds containing B-N or B-P Bonds.

Microwave spectra of 8 isotoplc species of boranediamine,
BH{NH2)2, can be interpreted in terms of planar, C2v geometry.
The following bond lengths were obtained: B-H, 1.19320.0012;

B-N, 1.418:0,001%; N=H_, ./ 1,005:0, 0058 ; N-H, ., 1.000:0.,0038
{cis and trans relative to the B-bonded hydrogen), as well as the

o o
bong iggles. WNBN, 122,0+0,3; BNHcis’ 121.1*0.17; Bﬂﬂtrans 123.7+
.67,

F.T.I.R. and Raman spectra were obtained for 1

11 10
BH(NHZ)z, BH(NDZ)2 and
vibrational assignments for the

BH (NHL) ,,

BH(NDz)z: these gave detailled
11

10

B, and partial ones for the 103

species. A normal coordinate analysis yielded a B-N stretching
force censtant of 6,0 mdyn.g_l, consistent with partial B-N double

honding.121
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The nuclear quadrupole double-resonance spectrum of H_B.NH, has

3
been investigated at room temperature. The 14N line, the 1 B

1ine and most of the 10B lines were found.122
The kinetics and mechanism of the hypochlorite oxidaticn of

123

morpholine-borane, 0(CH2)4NH.BH have been studied.

[

Ab initjio m.o. calculations hgve been performed on the ilsclated
molecule and on the dimer of the boron analogue of glycine,
NHBQBH2002H. The optimum geometry, dipole moments, orbital
energies, electronic configuration, charge distribution and

electrostatic molecular potentials were reported. These diffar
in many ways from the values for glycine itself.124 pKa values
were determined for amine.BHZCOZH, where amine = NH3 {8.33),
MeNH2 {8.233), Me,NH {8.14) or MeaN (8.38). These compounds,
unlike their glycine analogues, do not chelate Zn2+1g§ Cu2+.

Coordination only cccurs via the carboxylate group.
The lgF chemical shifts of mixed boren trihalide adducts of
tertiary amines, D.BP3_nxn, where X = Cl, Br, I; n= 0, 1 or 2;
D = NMe3, NEt3, NEtiPrz, NMeEtPh, gquinuclidine, 4-methylpyridine
etc,, are markedly dependent on the steric effects of the amine
substituents. The base strength of the amine has little effect
on the adduct 19

of halogen redistribution. The
115_19

F chemical shifts, but it does influence the rate

llB and 13C chemical shifts and

F coupling constants were also discussed.126
Ab initio m.o. calculations have been used tc study binding
3 and A1x3 {where X = H, CH3, Cl or F}.

Electronegative X groups favour binding wvia the nitrogen. The

preferences of CN~ for BX

calculated trangition state for the unimolecular rearrangement

CNBH, =+ NCBH, 4is similar to that for CNCH_ - NCCH,, but with a

3 3 127
smaller barrier to interconversion.

3

Borane adducts of 3-fluoreo-, 3= and 4-chloreo, 3- and 4-bromo-

and 3~ and 4-cyanopyridine have been prepared. They were

characterised by i.r., lH and 11B n.m.r, spectra, chemical analyses

and differential scanning calorirnei:ry.128
The crystal structure of B(NMe2)3 has been determined at -116°C.
The crystals are monoclinic, space group P2l/n. The awverage B-N
bond distance is 1,439%, which fits in well with B-N distances in
other aminoboranes, although there 1s less w-bonding than when
some of the amino-groups are replaced by e.g., chlorines, The BN3
skeleton is accurately planar.129

lH and 13

The preparations and € n,m.r, properties cf alkylamino-
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and dialkylaminopiperidinoboranes, such as {14}, have been

reported and discussed.130

NEt

\

PhB

/

(14)

Rzax {where R = Et, OMe or NMez: X = Cl or Br) react with
K[(OC)SCICN] according to equation (6} to form isocyanoborane

CH2C12
K[(0C) CrCN] + R,BX ——=—= (OC)_CrCNER, + KX aee (6)
-78"¢C

complexes. These were characterised by i.r., n.m.r. and mass
spectra.l31
N,N,N', N'-Tetramethyl-o-phenylenediamine {(IMPD) reacts with

po{dimethylamino)diborane {6), inducing an unsymmetrical cleavage

Mez -
N BH
. + o3
2{p~-MMe_ }B.E, + TMPD —>» BH Me N
277275 S 2 2 ~
N BH
Hez

3
+ L;{mezunuz)z e (7}
reaction (egquation 7). The product was characterised by 11B
n.m.r.132 The reactions of TMPD with 34510 or THF.B3H7 were also
toluene
—dy swa
TMPD + B,H, [(TMPD) BH, ] B,H {8)

investigated, e.g9. eguation {8), and mechanisms and reaction

pathways were suggested.133

The preparation of a series of alkoxydlalkylaminophenylboranes
has been reported, e.g. eguation (9), where R = Me; R’ = Me, 1Pr,
nBu etc; R = R' = Et; R = j"E'r,. R* = Et. Their 1H and 13C Nn,M.T.

spectra are consistent with hindered rotation about the B-N
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1 t
Pl Pl
PhB + NaOR - PhB + NaCl e (9)

\\‘Cl \\‘OR

bond.l34 Chlorecdialkylaminopheny lboranes, PhB(NR2)C1, have heen
prepared from PhBCl2 and R2NH, where R = Me, Et, nPr, iPr, sBu
etc.135 Variable-temperature 13C n.m,r. spectra cof dialkyl-

*
aminofluorophenylboranes give values for AG for the rotational

barrier about the B~N bond, e.g. for Ph{F)B-NMe, it is 19.1 kcal.

-1 136 2

mol
Bromide abstraction from (tmp)B(NRz)Br, where tmp = 2,2,6,6-
tetramethylpiperidino; R = Me or Et, or (tmp}B{R})Br, where R = Me
or Ph, in dichloromethane solutions produces tetrabromoaluminates
of the dico-ordinate cations [Itmp)=B=NR2]+ or [{tmp)=B-R]+.
The cations were characterised by n.m.r. (lH,llB,l3C) and i.r.
spectra, and electrical conductivity. The crystal structure of
[(tmp)=B=NMe2]+AlBr4_ shows that the C,NBNC,
like, with an almost linear NBN unit (bond angle 1769 . The BN
bond distances are consistent with a fairly high bond order. The

skeleton is allene-

thermal stability of the diamido is greater than that of the
moncamido compounds.lB?

Bis{di-~isopropylamincjchloroborane and A1Cl. react under

rigorously anhydrous conditions to produce th: ionic compound
{(iPr)2N=B=N{i?r)2]+nlcld-. This gave i,r. bands in the range
1830-1900 cm ! due to the N=B=N unit.13%

The boron imides, RB=N{tBu), where R = Et, Pr or Bu, storable at
—SOOC, are formed at 530°C by the eliminaticn of ClSiMe3 from the
amincboranes Cl-(R)B-[N[tBu)SiMe3]. » BN is seen ca. 2010 cm-l,
showing that there is considerable BN triple bond character. The
imides trimerise to borazines, leading to an overall reaction

{lO).139

R tBu

7 o
™ pen 530°¢C
< N\

=Cl51iMe

-t
f R~B=N-tBu +—+ R-BIN~tBu}

SiMe 3

3

--13-[R13N(1;E'.u)]3 ves (10}
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LiBH, reacts with {Measi)ZNB(CI}N{H}SiMe3 to produce

{Me,S1) NBH,, [Me,SiN(u}BH,], and [Meﬁénsﬂ]a. A number of
related reactions were also reported, Reductions of

{ {organosilyl)amino) (alkylamino)boranes, e.g. sBuZNB(Cl)N(SIHe3)2,
by wvarious hydrides were studied toc clarify the reaction pathway
for reactions between LiBH4 and chlorobils{amino}boranes contalning
an (erganosilyl)amino group.

New syntheses of open—-chaln and cyclic N-borylureas and

—thioureas have been reported. Thus, N,N,N'-triorganylureas or
-thicureas react with bromodimethylborane to give {15), where R=
Me or iPr; ¥ = O; R' = Me, 1Pr, Et; R = Me, ¥ = 5, R' = Et,
: R vy O
\ / O 1
N-—C —N N—N, H—N R
/ ; \ \‘B/ \B"
Bde R?
2 w4 \U/ .2
(15) (16)

N.m.r. spectra have been reported for pyrazole derivatives of
boron, e.g. {16}, where R,Rl,Rz = Me, Ph, CFB' B etc.143

Vibraticnal assignments and a normal coordinate analysis have
been described for HPFZ'BHB' on the basis of Raman {liquid, sc¢lid}
and i,r. {gaseous, solid) spectra of five isotopic species. The
force fileld is very similar to that of F3P.BH . even though the
two compounds are very different in stabilj.ty.l44 Mean
amplitudes of vibration have heen calculated from literature
spectroscopic data for X3P.B!3, where X = H, Dor F; ¥Y=H, D, F,

Cl, Br or I. The potential barriers to internal rotation were

also calculated.l45
0 B,
] i
RC —=N -~ PME2
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Mez{BH3}PC1 reacts with the lithium salts of acetamide,
H-methylacetamide or N-methylformamide to produce (17}, where R =

H, R* = Me; R = Me, R' = H; R=R' = Me.lqs

3.1.7 Compounds containing B~0 or B=5 Bonds.

Rate constants have been measured for the reactions of gas—phase
boron atoms with HZO’ H20214?1c0hols and ethers, Products
included BO, B02, BOH etc.

Calculated values have been tabulated for the bond dissociation
energies of the diatomic molecules XY, where X = B, Al, Ga, In or
Tl; ¥Y=0, S, Se, Te, Po or F, Cl1l, Br, I, At. Those for XPo,
XAt, GaS and GaS5e have been estimated for the first time.l48

Electron diffraction data fer gas-phase CsBO2 could not be used
te decide unambigucusly between a linear and an ancular model for

the molecular structure., The B-0O distance was 1.266(6)2.149

f i :
B g H B 7] B
~
o/ \o/ \o/ ~o” o/ \o
g N W
{a}) (b} {c}
{18}

A theoretical study of the stabilities of the planar conformers
of BF(OH)z, {18 a-c), suggests that (b} is not formed from BF3
and excess H20. The forms {a} and (b} are almost qugé in enerqgy,
but there is a high barrier to their interconversion.
The He(l) photoelectron spectrum of the }:1 complax Mezo.BF3 has
been obtained., The peaks were assigned with the help of ab
initio and semi-empirical m.o. calculations. The results
indicated a net transfer of 0.09 electron from He20 to BF3.151
The hydrated sodium borate, Naz[BDZ{OH)], is orthorhombic (space
group Pnmaj, Dense sheets of Na-~0 polyhedra are linked by
isolated 502(0H) triangles and by hydrcgen bonds.152
The suggested disproportionation reaction of dimethoxyborane,

equation (11), was studied. Careful investigation was unable to

6HB{OMe), T B,H

SHe + 4B(0He)3 .-» (11}



139

detect B2H6 in the gas-phase, although it is present in the iiguid.
Optimised conditions for the production of HB(OMe}z were
established.153

The compound B{OTeF_j., forms hexagonal crystals, space group
P63/m. The moleculelhgs D3h symmetry, and the boron environment
is strictly trigonal planar. The average B-0 bond length is
1.358(6)8. >4

Bis {oxalato)=- and bis {malonato)borates have been prepared in
r 4

and dicarboxylate salts, by refluxing in benzene. They were

characterised by i.r., Raman and 118 n.m.r, spectra; the

vibrational spectrum of B(Czoa)z- was discussed in detail.lss

X~ray diffraction showad that B{OZCMe}(acac) forms monoclinic
crystals, space group P21/c. The discrete mclecular units have
symmetry close to sz, with four—coordiggt& (pseudo-tetrahedral}
boron, and unidentate acetato ligands.

The quadrupole coupling constant CQ and the electric field
asymmetry parameter n were determined directly from the dispersiwvwe
mode n.m.r. line shape ©of the 113 resonance in horate glass.ls7

Ammonium halides salt out ortheboric acid from aqueous
solutions, due to hydrogen-bond formal:ion.158 KCl, on the other
hand, salts-in orthoboric acid, while other alkali metal halides
salt it out, in the order: LiI)NaI>KI>LiBr>NaBr)KBr>LiCl>NaCl.159

Sclubility diagrams have been constructed for the systems
X—EtCOOH-HZO, where X = H3303, Cang.7 216.‘014‘;3 All
measurements were carried out at 50°C.

H3B03 and dibutylamine interact in water at 25°C to glive
[BuZNH2]+[H48307]_.2H20, in which the anion is a resonance=-

stabilised cyclic trimetaborabe.lel A very similar process occurs

162

sP10°

for H3BO3 and diethylenetetramine,
the fine structure of the 113 n.q.r. spectrum of datolite,
HCaBSiOS, is due tco dipole-dipole interactions between 113 and 1H

nuclei. The results confirmed the proton positions determined by
1 163

H n.m.r.

A new form of silver({I) orthoborate has been prepared: AgBo3—II.

This forms rhombohedral crystals (space group Ric), and is a
stacking variant of the previocusly-known AgBO3-I.l64 NizﬂbBO6 is

orthorhombic {space group Pnma), and contains Nio6 and Nbo6
octahedra linked by corner-shared BO4 tetrahedra. It is

isostructural with Pe3506.165
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Three types of compound have been found and described in the
Ln203—h'03—5203 ternary systems, where Ln = La-Id, Sm or Dy. These
ares Ln(Boz}wcl)gG {Ln = La-kd): In,B,W0, {Ln = Pr-Dy}; and Ln,B,WO,,
{Ln = La-Ho}. Phase equilibria have been studied in the
5203-H0203—N10 system at 1000°¢, Three sclid phases were

. . 167
g1 H0N1(302)5 and N13{B03}2.

characterised: Ni(BOZ)
Investigation of the 3203—Cu0-L120 ternary system revealed the

. R \ . . 168
formation of 2L120.Cu0.B203, L120.2Lu0.5203 and L120.Cu0.2?203.
Palladium metaborate, Pdeoq, is tetragonal, space group I42d, and

169

isotypical with the Cu({II} analogue.
Cu15[15205)2(303}602],i.e. 3Cu0.B,0,, crystallises in the space

group Pl. It nossesses a layer structure, containing almost
planar 3205 groups, planar, isclated BO3 groups, iscolated 02_
2+ 170

ions, and four-coordinate (square planar) Cu” .
CaKz[B405(OH)4].8H20 forms orthorhombic crystals, space group
P2.2.2 Each tetraborate ion is hydrogen-bonded to 2 water

1°1°1-
molecules and another tetraborate within a layer.”l A structure

refinement has been reported for CaNa[B,O,(0H},].3H,0. The

pentaborate ions are linked into chains, and these chains are

connected by clusters of Ca- and Na-0 polyhedra.172

The new phase 3Na20.55203.2H20 has been synthesised at 523K under

hydrothermal conditions. It is in fact NaB(B509)'H20’ and

3-

crystallises in the space group FcaZ The polyanion BSO9

consists of three tetrahedra and twoltriangles. "he polyanicns
are linked to give an open B-O framework, with three series of

channels, parallel te a, b and ¢ {these contain Na+ and H20).173
D.T.A. and i.r. spectra were used to characterise ”955"10'3H2°

and CaB4O7.6H20, isolated from the systems H3BO3-M(OOCEt}2—H20
(M = Mg or Ca) at OC'C.”4 The thermal transformations of
kaliborite, KM92B11014{OH)14.2H20, have been studied, and i.r.

spectra and X-ray powder diffracticon patterns of heated specimens

175 Similar methods were used to deduce the thermal

176

obtained.
transformations of preobrazhenskite, Mg3[511015(0H)9].
A thecretical study of the relative stabilities of the known
molecules XBS (X = F or C1l} and their unreported isomers BSX
177 ab initio

m.o, studies have been repeorted for the sulphido-horons R~B=S,

suggests that the latter are potentially stable.

where R = H, CH3, NHZ' OH, F or Cl. The gecmetries were

optimised by the gradient method, using the double-zeta basis

Set.lTS
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The trimethylsilylthioboranes, (He351)-S-BRR', where R = R' =

-NMECHZCHzﬂMe—, -O-CGH4-0~ or —S—CHZCHz-S-. have been prepared in
good yield frum (Measi)SLi and XBRR'. They can be distilled

under high vacuum without deccmposition.l?g

3.1.8 Beoron Halides.
Decomposition temperatures in the hetercgeneous BC13/H2 gystem

have been determined at varicus surfaces. The decomposition
BCl;(g) + B(s} > 3BCl(ads) v (12)
BCl(ads) + ¥, » B{ads) + HClig} voo {13}
B{ads) + B{s} .. (14
18O

involves production of boron, by reactions such as (12)-(14).

MNDO m.o. calculations have been carrled out for Bc13, 32C14,
B4C14' their molecular cations, and all eingly- and doubly—l
charged ions occcurring in their mass-spectra, together with the
corresponding neutral fragments.lal

83C18 can be prepared in 88% yield by the thermal decomposition
of dillute 82614, 20% by weilght 1in CCl4, at lOOOC. The choice of
solvent ls crucial. Several reactions of BBCJ.a were reported.
Thus BSCI8 in CCl4 atc 200°C gives BC13 and Bgclgg BBC].8 and tBuLi
from BB(tBu)g; and Bacl8 with exceas liguid Alzﬁe6 give
Me ByCly_ . (n = 0-4). At 1?02c, BgClg accepts hydrogen from
pentane, llberating pentene.

Bloclloz' is oxidised by Pb(OAc), ln the presence of Lewls acids
to give a blue-violet radical anion, Blocl10 . This is

sufficiently stable for ite i.r., e.s.r. and electronic spectra to

he measured, It is a strong oxidising agent, and the oxidising
pcwerg §§3a serlies of radical anions are: 8100110>3919 >Bgﬂr9 > .
BQCl9 . Evidence was also found for the formation of BlOC110
by the oxidation of B, €1,,%” by 50012.184

New routes have been found to produce halogenated Bg and By
boron cages. Heating 310C110 or BllC].ll with hydrogen gives

59C1gﬂ and BBC17H2 respectively. BgBrg and BgBr, are prepared
from Bscl8 and 59019 by treatment with AlBr3. At least 6 of the
bromine atamsa in BgBr9 can be replaced by methyl groups {using

SnMe4).185
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Ligand exchange has been studied in the Bu4NBH4/Bu4NBBr4 system

3Br ’ BH23I2 and BHBr3 can all ke

detected at the appropriate molar ratios. BHaar_ decomposes at

20°C, the others at 140%, 160% respectively. The bromo-anions
are more stakle than their chloro—analogues.186 Bu4NBH4 reacts
with iodine at 20°C in benzene to form BH4_nIn_ (n = 1-4) at the
appropriate molar ratios. The degrees of dissocliation of these
are in the order: BI,” <BHI; <33212_ <<BH3I_. Chloro-alkanes
react with Bu4NBH4 to produce the analogous chloro—anions.la?

The thermal decomposition of 5214 in the range 100-400°C, with
removal of BI3, yields a mixture of BQI9 {85%) and BBIB {lS%).138

in benzene. The anions BH

3.1.9 Boron-containing Heterocycles.

{1,3-Diene}magnesium addition compounds and boron halides react
to form 3-borolenes in good yield. Thus Mg{cqﬂﬁ).zTHF and PhBCl2
give (19).189

? B
Ph H
(18) (20}

Ab initig m.o. calculations on the unknown beorepin, (20}, using
S5T0~3G and 4-31G basie sets give an optimum planar structure,
which would be a weakly conjugated system.lgo .

Semlempirical INDO m.o. calculations have been carried out on
€21), and its He({(I} photc-electrcon spectrum has been cbtained.
The dibora-ligand is attached to the Co via the metal da,,

orbital.191

<S> x- \9_/\5-3 @
R—B%\B—R
\L___J{
(22)

Me—@/E-Me

(21)
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The novel 6T-electron anion in Haz[FcB{Czﬂz}zBFc], where
HFe = Fe(C5H5)2, is formed by the reduction of the 1,4-dibora-

2 ,5=-cyclohexadiene FcB[bH=CH]25Fc. Seventeen transition metal
complexea of Co, Rh, Ni or Pt with RB[C2H2]2BR have been prepared
192

and characterised, e.g. (22), where R = OMe, Me, Ph or Fe.
{23), where R = Et, R' = Me or R = Me, R' =H, are prepared
from 4 -1,3-diborclenes and CpCo(CO)z. The structure was

determined by X-ray diffraction.193

R' HNi
134
e
\
il\ f’B
M R \.-/ \R'
R
)TT,( Ni

R R?
ot Co
Lo
(24) (25)

Further extensions to the chemistry of gsandwich complexes have
occurred, Thus the u,n5—1,3-diborolenyl tetradecker compounds
{24), where ¥ = Ni, 2n, Fe or Co, have been made and
characterised, showlng that 1,3-diborolene c¢an produce tetradecker
sandwich compounds with from 42 to 46 valence electrons.194 A
pentadecker compound has also been made for the first time, 1.e.
(25), where R = Et, R' = Me. This was characterised by n.m.r.
and X-ray diffraction.lgs

I.r. bands due to dipropyl{y-aminopropyl}borane can be assigned
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and rationalised in terms of the structure {26}, where R =
propyl.196

/ .cl
Me N .
! \ — ~—Ga-mm(C1
N N Me B B~ cl
. 7 \
- \
N/ -B N
i B// N
Me !
{26) (27} (28)

The preparation and chemical reactions of monameric pyrazol-l-
ylhoranes, such as {27}, have been reported. The hest preparation
is by the condensation of 1,3-dimethyl-1,3,2-diazaboracyclopentane
with pyrazoles.l97

Hexamethylborazine forms a 1:1 adduct with GaCly: this is
isostructural with the AlBr3 analogue. The BN heterocycle becomes
non-planar, with approximate C_ symmetry, (28). The adduct is
fluxional at room temperature.

S—25
Br-B/ \B—Br Me-N N-Me
S’/, \\'B’/’
[}
Me
{29) (30)

Substituent exchange reactions between ({29} and (30} occur via
adduct formation, but definite compounds could not be isolated

unless the thia-compound ig pure.199
Me Me Me Me
S35 SN —N NHe—n
/ \ / hY /7 N\
Me-B B-Me Me-B B-Me Me-B B-Me
v hld ;
Me Me
{31} (32) {33)

The formation of bromo-derivatives from the methylated compounds
{31} and (32) follows the endocyclic reaction mechanism.2°% Rapid
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exchange of the ring hydrazinc and the ring disulphide group
occurs in the reactions of (32) or (33) with (29). The "bridde
exchange” 1s accompanied by a much slower boryl group exchange,

10 201
Z C:) h—CMe
B~ ER I

detected by B labeliing.
B~Me
(:) | Me

N
2

(34) (35)

A study has been made of the m-donor complexes of hetero-
aromatic B-N compounds (hexamethylbeorazine or (34)) and iodine.
The results suggest that the complexation occurs via the w-doner
lnteracticn rather than the n-donor interaction.202

The complexes (35), where M = Fe or Co, are prepared by the
reaction of l-t-butyl-2-methyl-1,2-azaborolinyl-lithium with HBrz.

TiBr, gave an analogous titanium dibromide complex. The metal

. CH3C6H11
3 é §-51b‘[e3 +V " T @—Siue3 v + <ON—51Me

B -130% / 3
-1 B B

! 10 torr 1 f

Me Me Mea

-4+ £15)

atom reaction {15} was also described.203 A geparate report was

also given of exactly analogous reactions with V replaced by Fe
or Co, In these c¢ases, the sandwich complexes could each be
separated (by fractional sublimation} into staggered and eclipsed
conformers. These were identified by X-ray diffraction.zo4
A different route to these sandwich complexes conslsts of

reacting lithium 2,2,6,6-tetramethylpiperidide with 2-methyl-1-

(trimethylailyl)—a3-1,Z-azaboroline to produce (36). This reacts
with MBr, (M = Fe or Co} in THF at -78°C to give the final
205

products.
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Me
Et-B_ N/
Me
Z 'N-SiMe C v
e 3 Et 51
B N Me
Me Me
Fe
{36) (apy (€034

4,S-Diethyl—l,z,z,3—tetramethyl-£3-l,2,S-azasilaboroline acts

as a four-electron donor. Thus, wilth Fe,(CQ), 1t forms (37),

whose structure was elucidated by X-ray diffraction.205

{CO} 5

Et

Et=-B, S51Me 0
2 kA
Ny /—B\:\sj,(
N N
Me ! !
(a) Fe (CO) 4
{38) {39} {b)

Hexa-alkyl-ﬁa—l,z,S-azasilaborolines can form m-complexes in
different ways, e.g. (38) reacte with Fe2(00)9 to give a mixture
of (3%e} and {39b}. Ttt-1,5,9-¢cyclododecatrienenickel, on the

other hand, produces (jg).zo?

(41)

(ao) 1\

{41) is prepared fram p-fluorophenyl-N-sulphinylamine and
3,5-dimethyl~1,2,4-trithja-3,5-diborolane (together with several
cther productse). It forms orthorhombic crystals (space group
Pnma) . The p-fluorcphenyl group lieg at right angles to the
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heterocyclic ring plane.208

Racemisation of dissymmetric diaryvlboron salicylideneiminato
chelates involves B-N bond dissociation to give planar three-

coordinate boron; it does not take place via a planar, four-

CH,Ph CH,Ph
N/ N
+\ _ 4Ph
'
Me o ;:::E Me o} ~Ph ... (16}
\. #Ph
+ Bf’ '
/ .
N Ph N
\ N
CH2Ph CHZPh
cocrdinate boron intermediate, as previcusly suggested. The

evidence was based on studies of equilibria such as (16).209

The crystal structure of (42}, as its 1l:1 adduct with methanol,
confirms the presence of the 6-membered heterocyclic ring as

shown, and not the alternative structure, (gg}.zlo
Ph Ph
HO \3;,_0
H H l
C
Y Can
I
~B.,
0~ v~Ph
Ph OH
(42) (43}

The preparatione and some properties have been reported for
some new 2,4-diphenyl-2-diethylamino-4-phenyl-1,3,5,2-oxadlaza—
borcles, (44}, where R' = Ph, R = H, Me, Et, nPr or nBu; R'=NEt2,

R = H or nPr.21l

O—N Me
rsl | 200 x
N—0C E—(ocun\ ,B;Y
R Ph __,c-——u\
Me 2]
(44)
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The complexes (45) have been prepared, where X = Y = Cl, Br or
I; X=Cl, ¥ = Ph, from the rhena-acetylacetonimine camplex via
Hafl reduction, and treatment with excess szY in CH2C12. I.r.
and 1H n.m.r, data were presented.212

The chelates {46), where R = H or Me; R',R" = Me, Ph, OH or
NHPh; 2 = O or NH, are prepared by reacting the appropriate

carbonyl component with a primary amine, or hydrazine with an

organocboric acid.213 Mass-spectral data were alsoc given for
214
thege compounds.
R
¢l R
%N/R"
]
/E<
Z Ph
{46)

l?O chemical shifts have been measured for wvarious c¢yclic
organo-poron-oxygen compounds {(borclanes, borinanes,
9-borabicycla[3.3.1]nonanes, boroxins). These show that the

215

screening of the oxygen depends upon the B-O (p-p)7-bonds,
The key step in a facile new preparation of iodomethaneboronic
esters, e.9. {47}, 18 a tin hydride reduction of dichloromathane-

boronic esters?fl6

P

-

X
B
/

0\ Ph /?h N
BCH, I B o 0
s 2 7 N\ .
) 0
[}

(47 (48) (49)

Crystal and molecular structure determinations have been carried
out for {acetylacetonato)diphenylboron, (48}, and {(tropolonate}-
diphenylberon, {49). Each contains discrete molecules with
approximately tetrahedral boron. The acetylacetonato complex

forms two crystalline modifications.217
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Me,CO S ’s-— s\
x—m X-B B-X
/ N
o \
R
{50) (31}

Reacticon of (50) with phencl, thiophencl etc. leads to
substitution at the beron atom.zl8 Trimethylsilyl- and penta-
flucrophenyl-N-sulphinylamine react with 3,5-dihalogeno-1,2,4-
trithia-3,5-diborolanes to give {(51). where X = Cl, Br; R = SiMe,,
CGFS' Several related species were also described.219

Numercous reactions of 3,5-dibremo-1,2,4-trithia-3,5-diborolane

. have been described, producing a wide range of horon containing

i R
N N\
Br-8" B-Br + 2R'-c3c-p? 3 davs, /c==c/ ce {17
~Ng” 80°¢c g N
Np S
?
Br

heterocycles, e.g. equation {17}, where Rl = H, R2 = Ph, nBu, nPr,

cH,Br; R' = R® = Ph, Et; R' = CHj, R® = nPr etc.??C
Hydrohoration of Cs2 by BH3.THP produces a new cage—compound,

[cH,(sBH,),]1,, with an adamantane-like C,B,S, skeleton, (52).

This was characterised by llB n.m,r,., and mass spectra, and the

structure was determined by X-ray diffraction. The mean B-S bond

distance is close to 1.932.221

CH s
2 5 5
/ \s s‘\' \.E‘!/ \Ef/ v
| [\ ,B—8 S-—B/
Hz"{\/aﬂz BH, S >s
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The recently-prepared Basls.(ég}, is formally similar teo the
porphine nucleus, although not iscelectronic. Hbckel m.o.
calculations show that the HOMO-LUMO gap (7-%* transiticon energy}
in BBSl6 1s large compared to that in porphine. The extra
electrons in 33516 reside in orbitals which are more antibonding
than bonding, hence there is a smaller n-delocalisation energy than
in porphine. 38516 is not likely to be a good ligand for either

simple cations or transition metals.222

3.1.10 Metal Borides.

Metal borlde systems which catalyse hydrodesulphurisation and
coal liguefaction are produced by reactions of borane anions with
transition metal salts at 400°C and 2000 psi of Hy. BSHB_ gives
the most active systems, especially with Co and Ni. The products
were not fully characterised, but residual hydrogen was preaent.223

(Mnl_xCrxJ3B4 , where O<x <1, and (Mnl_xnox)334, where
(0<x£0.8), can be prepared from the elements. Thelr magnetic
properties were examined; all possess the Ta384—type of structure.zz4

The new ternary metal borides Eum4ad, where M = 08 or Ir, have
been prepared from the elements. They crystallise with the
NdCo4B4 structure type. Thelr magnetic properties were examined
in the temperature range 1l.BK to 800K, as were those of the solid
solutions R094B4-er4B4 {R = Ce, Pr, Sm}.225

LuRh,B, forms ortherhombic crystals, space group Cceca. The
boron atoms are present as palrs, with a B-B distance of 1.48%.

The heavy lanthanides Ho, Er, Tm, Yb form isctypic campounds.226

3.2 ALUMINIUM

3.2.1 Aluminium Hydrides.
SCF-MO calculations have been performed on the reactants and

product of the model reaction (18}, on a gymmetric m-complex

* 2= *
HzAlH + H,C=CH, ~» H,AICH,CH,H ... {18)

2
formed from the reactants, and on the system at various points along
the reaction path. The best description of the reaction involves
concerted bond making/breaking via a four-centre (Al, H*, C, C)
trangltion state. A gymmetric v-complex is a possible

intermediate in the reaction.227

6OCo yY-irradiation of (HBuqi(A1H4} at 77K produces two species,
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identified by e.g.r., as -A1H3- and a hydroxylated impurity anion.
The results confirm that the former has a pyramidal structure, and
that the Al 38 population 1s simjilar to that for Si in the
iscelectronic -SiHa.228

The crystal structure of {szYCIJ2A1H3.Et20 shows that 1t 1is
polymeric, made up of szy(u—Cl)2!sz fragments with aluminium
hydride monoetherate units linked with each cther via Y-H-Al
bridges. The alwninium coordination is trigonal bipyramidal.229

The soluble calcium alkoxyalanates, Ca[AlH, (OR) ], where
n=1~3, R = 1iPr, iBu, tBu, i-Csull, C6H11’ CH3OCHZCH2, are
prepared by partial alcoholysis of Ca(AlH,}, in toluene. X-ray
powder diffraction and i.r. spectra (vAl-H) show that thesge are

230

generally individual molecular specles, Other simple

syntheses of calcium alkoxyalanates involve Naan4, CaCl, and the

appropriate alcohol.zBl
The heat capacity of NaAlH4 has been measured in the

temperature range ll-335K. These gave aﬂf° (NaAlﬂq, cryst. ,0)

-99.1 kJ mol™l, AG.®(NanlH,, cryst., 298.15) = -38.0 kI mo1™l,

Valueg of the free energy of decompasitiaon, egquatiom (19), for the

MALH, -+ MH+A1+-%H2 ... (19)

4

crystailine campounds, at 298.15K, are (aGd°> are 2.1 kJ mol~}

(M = Najy, —-22.3 kJ mol_1 (M = Li).232 Heat capacity measurements
{12-320K} were alsc repcrted for Rbnll-l‘.233

Geometry-optimised 3-216 ab initio m.o. calculaticns on
[R3Al—--ﬂ-—-A1R3]_, where R = H or Me, show that the lowest energy
is associated with Al-—-H--—-Al being linear, Rotational barriers
and bending energlies were calculated to be small. The optimum
structure for [H Al---Cl---AlH;]  was, however, bent. 234

Exchange of hydrogen with isopropoxy groups takes place in
reactions of MgH, with Al{0-i-Pr}, in THF. A varilety of mixed
MgH THF-

+ 2A1(0-1-Pr) , Mg [Al{0-1-PT) 4H] , ... 120}

2

Mg[Al(O—i-PrJ3H]2 + 1-PrOMgAl(0-1-Pr) . H, + Al{0-1-Pr), cee (20

‘1sopropoxy-hydride' camplexes were identified and characterised.
Thus a 1:2 mixvure of Mgl-l2 and A1(0-1~Pr}3 reacts according to
equation {20). The product has vAl-H at 1800 and 1760cm"l, VAl=0
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1 1

and MgQ at 430 cm” . There was sche evidence for
235

at 675 cm
the further reaction, {21).

3,2,2 Campounds containing Al-C Bonds.

Ab initio m.o. calculations on the ground and first excited
states of AlCHz suggest that the Al-C hond is single, compared to
the double B-C bond in BCH, and HBCHZ, but that the Al-C bond in
HAlCH2 1s intermediate between single and double. Changing the
aluminium substituent electronegativity may be able to impose Al-C
bond order changes between 1 and 2.236

H,C=CH, H ]
{7 ez

OM : a1” ~a
{54) {55}

Complexes between Al and 0254 or C2H2 in rare-gas matrices at
about 4K have been studied by e.s.r. Al-moncethylene has a
m-coordinated structure with donation from a half-filled aluminium
p-orbital to the 7* m.o. of ethylene, {(54). Aluminium and
acetylene, on the other hand, interact to give a o-bonded vinylic
campound, {55). There was some evidence for the formation of
Al{C2H4)2 on the photo-irradiation of Al(cqu).23?

A new synthesis has been reported for Al{CstiMe3]3 - from
AlBr3 and LiCstiMe3 in refluxing hexane. The product reacts
further with KH to give K[Al{CstiMea) 3] .238

13C n.m.r. data on [H(cyclopropyl)3]2, where M = Al, Ga or In,
provide evidence (when M = Al) for a singly-bridged intramolecular
bridge-terminal exchange process. For the gallium and indjium
compounds ,the n.m.r. parameters are strongly dependent on
temperature, sclvent and concentration - this is explicable in
terms of a monamer/dimer equilibrium.239

The crystal structure of tribenzylaluminjum, Al(CHzPhia, shows
that there is significant intermolecular interaction between the
phenyl carbons and the vacant p-orbital on the aluminium.zqo

The crystal and mclecular structures of tetra-o-tolylibis-
{u-o-tolylidialuminium reveal the presence of discrete bridged
dimers like those in AlzPhG etc. The only unusual feature is the
longer Al-Al distance {(2.817K) than expected. Tri-o-tolyl~

aluminium diethyletherate contains pseudo-tetrahedral aluminium,
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as expected.241

The new compounds [(Mescs)nl{c1)i]2, where R = Me, Et or iBu,
have been reported, from the reactions of Licsﬂes or HeSCSHgCI
with alkylaluminium halides, The compounds with R = Me or iBu
were subjected to single crystal X-ray diffraction. The
structures reveal unusual n3—He5C5 coordination to central A12C12
units, {(56), although for R = iBu steric effects produce

distortion towards an nz—configuration.242

| \
cl
S

Y \
r

(56)

Dimethyl-p-ecyclopentadienylaluminium polymer forms monoclinic
cryetals, Epace group P2l/n. There are no significant inter-
actions between the infinite chains in [hl(u—CSHS)Hez]n, and the

bonding in the AlMe, unit is normal.243

2
3.2.3 Compounds containing Al-N Bonds.

NaAl{NHz)4 reacts with alcohols or aromatic amines to form
sodium alkoxyimidoaluminates, NaAl(NH}(OR}z, where R = CMe,,

CHMez, CHZCHZOMe or Ph, or amido{arylamido}aluminates respectively.
Sodium amido{alkylamido}aluminates were made from NaAl{NH._}_,6 and
NaAl{NHR}4. 1y n.m.r, data were given for the products.341
Urotropine, CGH12N4, and MMe 4 {M = Al, Ga, In or Tl} give stable,
moncmeric 1:1, 1:2 or 1:3 adducts, but no 1l:4 adducts. The
vibraticnal spectra of all of the compounds were reported and
partly assigned. These clearly show the symmetry changes:
Csvilzl) + sz{l:2} - C3v(1:3). Crystal structure determinagigms
of Csﬂlzﬂq.nGaMe3 {n = 1,2) agreed with the vibrational data.
[Alpy,C1,] [A1C1 ] forme orthorhombic crystals, space group Pna2;
the cation has trans-geometry, with Al-N 2,070(4)% and Al-Cl
2.279[3)2. Alpy3013 1s moncoclinic, space group le/c. The
AlCl.N, unit has mer-geometry; the Al-N trams to Cl {2.076 (2)]) is
eignificantly longer than those trans to each other (2.072(2)2.246
It hae been possible to differentiate, uwsing i.r., between the
igomers Cl3A1—N(Me)ﬂCEO and C13A1-0-C=Nne. The former ultimately



154

decomposes to N-trimethyliscocyanuric acid.zd?
it was possible te identify by e.s.r. the organcaluminium

radical (57, where R = isc-butyl). Thére was scme evidence for

the involvement of the nitrogen atomic orbitals in the delocalised

spin density at the aluminium.248

Me Me O-+AlMe :
N/ 4 3 N N
C Me_C-—C \../
i 2 N Al
C. OMe i
| Bu
N 2

N
R2A1 Ale
(57 (58) (59)

2CCN.A1ME3

E.3.r spectra have been reported for the radicals Me
and MezéC02Me.A1Me3, (58). These were gengg;ted by the photolysis
of azo-compounds in_the presence of A12He6. Di-isobutyl-
aluminium hydride, 1Bu2A13, reacts with N-heterocycles {L) to form
1:1 radical species [L(AllBu y*], where L. = pyrazine, 2,2'- or
4,4'-bipyridine, e.qg. (22).2 ©
B—Hydroxy—T—[{6'—sulpho-2'-naphthyl)azo]quinoline-S—sulphonic
acid (HBL} forms a chelate complex with AL{TIII): [AlL(H20}4], by
coordination of the heterocyclic N and phenclic O to form a

S-membered chelate ring.251

3.2.4 Compounds containing Al-0 or Al-5 Bonds,

I.r. spectra have been reported for the reaction products of Al,
Ga,In or Tl atoms with natural and lao-enribhed {74%) O2 in an Ar
matrix at 14K, vy and Vo wavenumbers were assigned for H02 as

follows: M = Al, v, 1096; v, 496 an '; Ga, 1088, 387cm Y; In,
1

1083, 336cm " Tl,lloso, 299§m-1. A cyclic MO, structure of C,,
symmetry was assumed in each case. Some bands assignable to M202
were also seen.zs2

Ion cyclotron resonance spectroscopy can be used to study the

chemistry of a1t with alkyl halides and alcohols. a1t induces

a1t + ron > R' + AloH e 22}

a1t + rROH Al(H20)+ + alkene vea(23)

Al(H20)+ + ROH + AL(ROH}T + H,0 ea(24)
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dehydration of alcohols to give Al{H 0) Ligand displacement
reactions result in Al{ligand] as the final product, equations
(22) to (24).2%3

I.r. spectra were ugsed to determine the hydrogen positions in
the boehmite {(y-AlO(OH}) crystal lattice.zs4 The hydrogen bond
distance in Y—AIO[O(H) 3(D} 2.73(2)&, has been measured by
neutron powder diffractxon.

Aluminium and gallium hydroxides interact with RbOH at 25% to
give solubility lsotherms with three crystallisation branches:
RbOH. 2H,0, Rb, [M,0{0H) J and M(OH) 5, where M = Al or ca. 2%

Wavenumbers of the 1nternal modes of [A1(0H2)6]3 have been
deduced from oriented single-crystal Raman spectra of

lo.67]

CsAl(SO4)2.12H O, Cshl{Se0 }2.12H20 and CsAl{SOd)g.IZD 0, all at
BOK. They are: . 542; v, 4733 v, 347 cm
Y1 2 5 3+

The proton chemical shift of Al(H20)5
a range of compositions in acetone/water mixtures in the

has been measured over

temperature range -80% to 32%. The temperature varliation
depends on the solvent composition, and is small for pure water.
There was some evidence for ion-pairing in the second sphere in
the acetone-rich solutions.253
The hydrolysis-precipitation reactions of Al{820}63+ have been
followed by high-resolution 27A1 nR.m.r. spectroscopy, and
potenticmetric titration. Evidence was found for several
monomera, but only cne polymeric specles: [A11304(0H)x]{31-x)- 259
High~resolution solid-state 27Al n.m.r, spectra (with magic-
angle spinning) were obtained for a number of zecllites with
different framework structures. Sodium zeclites glve One narrow
peak {51.5-65.0 ppm. fram Al(H20)63+). 2751 n.m.r. is most
useful for probing the coordination, guantity and location of
aluminium atoms in chemically treated zeolites, but it is less

2951 n.m.r. for direct structural determinations.zso

useful than

A new synthesis of tetraethylaluminoxane has been carried out,
and two intermedlates lsclated in the solid phase. These are
oligoaluminoxanes, which dissolve in strong Lewis acida to form
equilibrium adduct5.261

27A1 n.m.r. can be used to study aluminium complexes with
phosphate ligands (beoth elmple, e.g. pheogphate ion itself, and
also, for example adenosine-5'-triphcephate,ATP} 1in agueous
solutions at approcimacely 20 mM concentrations.262

E.a.r, spectra were measured for aluminium derivatives of
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semiquinones, formed by the reaction of Et AlCl, =~ (n =0,1 or 3}
with 3,6-di-t-butyl-1,2-benzoguinone. They were interpreted in
terme of the presence of fluxional and non-fluxional (60), and also
of (6l), L = solvent, X = Et or Cl).263

(60) (61)

Assoclation equilibria have been studied in aguecus sclutions of
Al{N03}3, by component band analysis of the Raman-active vy band
of NO3 . Evidence was found for strongly directional
perturbation of the nitrate ion.264 U.v. spectra of Al{N03)3,
A12(504)3, Al(ClO4)3 and thl3 agueous sclutions, give evidence of
for direct Al[III}--SO4 interaction, and alzc scme Al(IIIJ—NO3
interaction.zﬁs

Thermographic studies have been carried out on Al(103}3.8H20,
and the Ga, In and T1 icdates. The aluminium octahydrate is
dehydrated in two stages, and finally decomposes (460—560°J to
A1203. The gallium and indium compounds behave similarly, but
the thallium compound is first reduced to thallium{I} jodate.

This {420-440°C) gives T1.I0., which in turn (500-520°Q
deconpoaes to T120 and TlI.zg6

Ethyl dichlorcphosphate reacts with AlCl3

A1(OOPCl,) [OOPCL(OEt}],, which was characterised by infrared
267

te preduce

spectroscopy and chemical analysis.
Relative ligand binding energies, 6D(Al+—L), have been

determined by ion cyclotron resonance, for 30 different organic

ligands (L} i.e. alcohols, esters, ketones, aldehydes, cyanides.268
Equilibria between A13+, gallic acid (C7H605; H3L) and OH have

been examined over a wide range of relative concentrations. The

following species were detected: A10H2+,Al3{OH)45+, Al(H2}+, AlL,
A1,L,°" ana A1 ¢om) ((m,0) #7.2%%  stapility and equilibrium
constants of catecholato and pyrogallato complexes of aluminium

270 Potenticometric

have been redetermined by lterative techniques.
and spectrophotomeric measurements have been carried cut on Al{III}
complexes with methylthymcl blue. Complexes are formed with

metal:dye ratios of 1l:1 and 2:1, both in neutral form, and as
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protonated and hydroxo-derivatives.zTI

X-ray diffraction results on [Alnea]Z[dibenzo-la-crown—S} show
that the six oxygens of the crown adopt a chair conformation. The
Al-0 coordination is quite strong {Al-C distance = 1.96?(3}2), but
the rigidity of the ligand does not allow more than two aluminium
atoms to coordinate. For [AlMe,] ,[15-crown-5], however, the Al-0
bonding is weaker {bond distance 2.005(6}3), but the greater
flexibility of the ligand allows ccordination by four aluminium
atoms.272

Crystalline tetramethylammonium alumincsilicates,
wNHe4OH.xSiOZ.yA1203.zBZO, where w = 1-1,2, x =1, y = 0.02-0.5,

z = §.1-9.7, have been chtained. Thelr structures are believed

to be analogous to those of the aluminium-free s.ilicatesl.z?3

29 274

51 n.m.r. results on these complexes are consistent with this.

27h1 n.m.r. results were used to monitor the reaction of

aluminoborecsilicate glasses with alumina during 51ntering-275
The distribution of silicon and aluminium atoms in synthetic
faujasite zeolites has been determined by high-resolucion solid-
state 2931 n.m.r., The distribution was such as to exclude
Al-0-A1 lil.nkages.z?6 High resoluticn 2?A1 n.m.r. of solid
2Ca0.31203.8820 shows that the aluminium 1s present only in
octahedral coordination. The compound was therefore formulated as
[ca,Al{oH) | [Al(OH)3(H20)3] .OH.  The compound Ca0.Al,0,.10H,0 also
only contains octahedral aluminium, l.e. it 1s
Ca, [ALg (OH) , ] .18H20.277

Single crystals of anlzo4 and PbGazo4 have been prepared from
PbO/Alzo3 or PbO/Ga203 mixtures. Both contaln three—-dimensional
networks, built up from MO, {M = Al or Ga) units linked intc
slx-membered rings.278 Phase relationships have been elucidated
in the SrA1204—5rGa204 system.279 A high-pregsure {8) fram of
SrAl4O7 has been characterised. The c¢rystalg are orthorhombic,
space group Cmma. It containse a three-dimensional (A1407L
network of AlO. and AlO4 units. The Al-0 bond distances in the
A104 280

Infrared and Raman spectra have been reported for some aluminium
9 (M = Al or Ga). The Al-O
bonds are stronger than the Ga-0 bonds, and various lanthanide

catlons have significant effects on the bond Bl‘.rengths.zBl Na20

6
units are unusually short (1.449—1.5372).

and galljum garnets, containing M5012

and alumina react to form a new sodium aluminate, Nal.’AlsOl6
{monoclinic, space group Cm}. This contains discrete nlso16
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chains, built wp from five corner-sharing AlO4 units. The

Al-O-Al unit is almost linear {bond angle 1?3(1}0), hence some
{d-p}n~bonding must be postulated.282 Sr1.33Pb0.6?A16011 crystals
belong to the space group Pnnm, and the aluminate Eramework
contains both AlO6 and Alo4 unit5.233

Re-interpretaticn of earlier data shows that 55r0.4A1203.H20
forms rhombohedral crystals, space group R3. The structural
formula for one primitive rhombohedral cell is
sz, 5[a10,] ), om ;. 2%

Small-angle neutron scattering by hydrolysed aluminium nitrate
solutions with OH:Al ratios of up to 2.25 1s consistent with the
presence of poelynuclear specles All304{0H)24(H20)12?+.285 Small-
angle X-ray scattering was used to¢ study the hydrolysis-
precipitation of an aqueous AlCl, solution (0"l at 25%.  1f
r= [NaDH]/[Al]tot = 2, the aluminium is preaent chiefly as
Al);0,(0H),o%".  If r = 2.5 this species is still present, but so
is a colloidal material, whose camposition approximates to
alcon) ,. 2%

" High~resolution solid-gtate
aluminium sulphate and of the mineral zunyite show that both

contain tridecameric aluminium—-oxo-hydroxo groups, but that they

27A1 n.m.r. spectra of basic

are not identical in the two cases. Thus, zunyite,
{ EA113(OH,F}16F2]515020C1} contains both Alo, and AlO, groups, but
basic aluminium sulgggte. [Al) 40, (OH} ,c (H,0) ] (50,} 4. 16H,0
contains only A104.

Toluene 3,4—dithiol(H2TDT) and trimethylaluminiuvm (in 3:2 molar
ratio) form polymeric Al (TDT}3. A 1l:1 reaction gives
(TDT)AlMe, (62, X = Me).aaa Dimethylaluminium chloride and H,TDT
give (TDTIALCL, (62, X = ¢1).2%  ye nl.HNMe, and H,TDT form a
cyclic dithioclate derivative, “(TDT)AlHe.HNMez”. Other ag;ge
adducts of trimethylaluminium give more complex reactions.
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3.2.5 Aluminium Halides.
M.o. calculations of cation migration barriers in L1A1F4 and

MgAlFs gshow that no metastable states exist for the face- or
cormer-bridged structures. The potentlial energy curve near the
equilibrium structure {edge-bridged)} is shallow, allowing for easy
distortion.291

There are 3 crystal modifications of Baan5: af{low temperature}-
orthorhombic, isotypic with BaGan; g-monoclinic and y(high
temperature)-monoclinic. The o+8 tranformation 1s irreversible,
and takes place slowly, beginning at 666°C. B+y 1s reversible,
and takes place at ?BBOC.292

Interactions have been studied in the fluorocaluminate glasses in
the systems CaPz—AlF3 and Mng-Cafz-gEFaés The aluminium-
containing species is generally AlF6 .

Activities and phase diagram data have been found for the
NaF-AlF3-A1203 system by e.m.f. and cryoscopic measurements.
Standard thermodynamic data were tabulated for B-aAl,0-(s),

273
Na3A1F6(a), Na5A13F14(s> and NaA1F4(1).294 Unit c¢ell dimensions

have been determined for AgzmIIMII‘PT, where mtiL

MII = Mg, Mn, Co, Cu or In. All are isostructural with
Na2MgAlF7.295
Single crystals of coclourless Ba

= Al, Ga or In;

,ZnMF, (where M = Al or Ga} have
been prepared for the first time. The aluminium compound is
orthorhambic (space group Pnma), containing double chains of 2ZnF
and AlF6 octahedra, these produce rings buillt up from 4 of each
type of octahedron. The galliwn compound has a similar structure,
but distorted such that the crystals are monoclinic.296

Baanlang, where MII = Ni, Co or Mg, are all isostructural with
BazznAng. The low-temperature form of Ba3A12F12 has been

6

297

prepared as single crystals for the first time. They belong to
the space group Pnnm, and contain the anilonic unit
[(Fy 1n1p, 50 ] 5. 208
A low-temperature molten salt can be prepared from aluminium
chloride and l-n-butyl-t-(dimethylaminoc}pyridinium chloride
([BubMAP]Cl). At 40°C the system is liguid with ratios
(BuDMAP)C1:A1C1, of from 0.95:1 to 2.0: 1.%99 Dialkylimidazollunm
chlorcaluminate melts have been revealed as useful room-temperature
ionic ligquids for electrochemistry, spectroscopy and synthesis.aoo
The c¢rystal-structures of LiAlCl4 {space group PZl/c) and

Na}\lCl4 {P212121} have been investigated over a range of
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tetrahedra do not alter

temperatures. The dimensions of the AlCl4
301

within the ranges 293-364K (for LiAlClG) or 293=-393K {(NamlcCl).
Na.AlCla.l.SSO2 forms monoclinic crystals, space group P21/n.
The structure is bullt up from AlCl4 tetrahedra, Na02Cl4 and
Na0,Cl, octahedra.’®?  crystalline CuRICl, is prepared by heating
CuCl and RlCl3 in a guartz tube at 533K. The crystals are
tetragonal, space group P32¢, in which the chlorines form a cubic
close packed lattice, with Cu and Al each occcupying 1/8 cf the
tetrahedral holes.303 N52+A1C14_ {prepared fraom S4N4 and A1C1l, in
CH5C12 solution} forms orthorhombic crystals, space group ana.304
7&1 n.m.r, studies have been carried out on nlCl3 solutions in
diethyl ether. At high concentrations AlCl4— ia formed; at low
temperatures and in djilute sclutions bhoth AlCl4 and AlCl3.0Et2
can he detected. at 25°C in dilute sclutions, however, only one
signal is seen, due to the average of all the species in sclution.
In TEF soluticns the AlCl3 undergoes more extensive dissociation,
and the main species in equilibrium are AlCl,.2THF, A1C14- and
AlCL, (THF},".  In monoglyme, dissociation to AlCl,” and [nlClL5]2+
{where L = one oxygen donor atam) is almost guantitative in dilute
scluticns. At higher cconcentrations AlCl3.L is alsoc present.305
Infrared and Raman spectra were reported for the Alcla/MeCN
system, taogether with 35Cl and 27Al n.m.r. data, in the
[CHSCN]/[AIClB] molar ratio range from 5.6 to 80. There was
evidence for only one anion, AlCl4  but a variety of cations:
[AL(CE,CN) (_ CL ] (3-n)+
solutions the new Bpgcies [Al(CH3CN}S]3+ was detected.
7Al n.m.r. studies on the A1C13/CH3CN/CH3NO
system show that neutral and lonic complexes are in equilibrium.

The systems AlCla/CH3CN/NMe4CI and A1C13/CH3CN/H20 are, however,
307

, where n =0, 1 or 2. In concentrated
06

Infrared, Raman and 2

wholly ionic.
An X-ray structure determination on h6-C6H6T1(C12A1C12}2
confirmed earlier structural proposals. The structure is very
similar to that of the hexamethylbenzene a.nalogue.3oa
4H and A5 for the reactions (25} and (26), where E = Al or Ga,
have been determined by gas-phase spectrophotometry in the

NiCl,{s} + ECl,{g) = NiEC1. {(g) ... (25}

el
Nicl, (=) + 32016(g) = NiE,Clg(g) ... (26}
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teMperature range 300-840°C, and by analysis of the quenched

condensates. 4§ 13 practically independent of E (ca. 70 J mole—l

Kdl for (25), 43 J It'tc:le-':"l{-1 for (26), but for (25) AH is more
positive for E = Ga, hence the gallium complexes are less
stable.309

vibraticnal spectra have been analysed and force fields
calculated for the u-halc-hexahaloaluminates Alzx?_ {(where X = C1,
Br or I). Almost complete vibrational assignments were
proposed.3lo

The solubility of sodium chloride in molten NaAlCl, was

2A1C1,” == Al.Cl.” + C1° L. 27
RLCl & 2A13c110' +c1” ..-(28)
2A130110‘ == 3Al,Cl + 2c1” ... (29}

investigated by potentiometric measurements with chlorine/chloride
electrode cells in the temperature range 200-300°%€¢. The data
were explicable in terms of 3 eguilibria, (27)-(29), and pK values
were estimated for all of these.311

Infrared spectra of samples from the KCl-nlCl3 system show that
KA12C17 is present, and that the stretching modes of the Al-Cl-al
bridge are at 306/325cm 1 (v_} and 387em * (v,).°'? Equilibrium
vapour pressure measurements over KCl-AlCl3 melts {containing 75.0,
66.6 or 62.8 mole % Alcla) also suggest the formation of KA12CI31;
for which a number of thermodynamic parameters were calculated.

The crystal structure of the low-temperature modification of
TiAlzcl8 has been determined by vibrational freguency correlations
and neutron powder-diffraction. The chlorines form a slightly
distorted h.c.p. lattice, with titanium in octahedral and Al in
tetrahedral holes in every second layer. The bonding leads to
the formation of chains in the structure.314

Some novel chloro-oxcaluminates, e.g. {63}, {64), have been
prepared and characterised as counterions of the cationlc products
of the Friedel-Crafts synthesis of arene-transition metal

compounds.315
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Electrical conductivity has been measured for SbhCl AlCl3 melts
containing 2.5-60 mole % of AlCl3.316

Crystal structure determinations have been carried cut on M13
(M = Al, Ga or In) - all contain a distorted ¢.c.p. lodine lattice
with metal atoms in tetrahedral holes. Galy and InI, are
isotypic, and contain H2IG units. Al has an infinite cgi%n
structure - isotyplc with the "asbestos-like“ form of §C,.

3.2.6 Intermetallic Phases containing Aluminium.

SrA12 belongs to the KHg, structure type at room temperature and

pressure. At ca. 60 kbar and 1050°C this transforms tc a new
modification with the MgCu2 structure.318

Gdl-\lzsi2 crystaliiges with the CaAl,Si,-type structure. It is
an unusual compound in that it has 17 valence electrons per
formula unit, and possesses metallic conductivity.319

The conmpound Ca3nlzce3 can be prepared from its constituent
elements. It crystallisea with orthorhombilc symmetry, space group
Prnma. The atructure contains AlGe4 tetrahedra linked by corners
to produce a three-dimensional network with channels contalning
calcium atoms.320

CaanlAs3 crystallises 1n the orthorhombic system, and belongs to
the point group Pnma. The alhs4 tetrahedra present are linked
into chains via common corners. Ba3Ale3 is alsc orthorhombic,
space group Cmca, but here nle4 tetrahedra are edge-linked to
give isolated Alzsb6 groups.32

New ternary phases have been characterised in each of the
systems Nban xAl and Tazn,_ xAlx. Thus, WNbZnAl and TaZnAl both
have the Manz-type structure {space group P63/mch, while

322
NeZn; ,ch 10.75 possesses the AuCu, structure {space group Pmim}.
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3.3 GALLIUM

3.3.1 Gallium Hydrides.
Electron diffracticon of gaseous Ga(BHd}zH shows that the

molecules are monomeric, {(65). The best fit was achieved for an
unsymmetrical Ga{u~H),B unit, with rGaH, 176.2{1.5} and
189.1(2.5)pm, and rBH,_ 125.0(8.1) and 145.6(3.3)pm, 323

H
!
—"Ga"‘"-
H JH *7 \“H‘ H
\\‘?iqqu H-J?”,
. H H
{65)

The heat capacitles of NaGaH4, KGall, and RbGaH4 have been

determined by adiabatic calorimetry in the temperature range
15-317K (KGaﬂq} or 11-320K (the rest}. Values of thermodynamic

functions were calculated from these data.324'325

3.3.2 Compounds containing Ga-¢ Bonds.

Infrared and Raman data have been recorded and assigned for
(ASMB4}[(CD3)4_BHIIIC1n}, where M = Ga or In; n = 1 to 3. Together
with data on the CH, analogues those results were used to

determine the mclecular force fields in the methylchlorogallate

and ~-indate ions. Both M=Cl and M~C stretching forece constants

increase markedly in the series [(CH3)4_HMIIIcln]_ from n = 0 to
326

n = 4.

An X-ray diffraction study has been carried out on
[(THF) (C,Hj)GaFe(CO),],. The Ga-Fe distance is 2.516¢3)8,
Ga=-Civinyl) 2.069(5}A, and Ga-OQ(THF} 2.129(4)3. Significant
distortions were found in the structure, and these were ascribed to

partial ionic bonding.az?

3.3.3 Compounds containing Ga-N or Ga~-F Bonds.

The infrared and Raman spectra of Me;Ga.NH; and Me,Ga.ND, in the
solid state at 77K are assignable in terms of Cay molecular
symmetry. HNo Az modes were cobserved, although there was evidence

for a lower site-symmetry. Splitting of the A, modes indicated

1
that there are 2 or more molecules per unit cell. The Ga-N
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stretching force constant (1.08 mdyn R_l) was much lower than that
in Me,N.GaH, (2.43 mdyn g1y 328

3

obtained for Me3N.GaC13. These also were consistent with (33v mol-

ecular symmetry, but a normal coordinate analysis revealed exktensive

Analogous spectroscopic data were

coupling of modes, and the largest Ga-N stretching force constant

yet calculated.329

(Me38132NH reacts with MeGaCl2 or nBuGaCl2 to form
[R{Cl)GaN(H)SiHe3]2, where R = Me or nBu. These are crystalline
solids, dissclving in benzene as dimers. The crystal structure of
the methyl compound shows that 1t contains a planar, four-membered

Ga N, ring, with equivalent syubstituents trans to each other.

272
Infrared and lH n.m,r. data were recorded and partially assigned.330

The stabilities and enthalpies of complexes formed by N3_ with
Ga{I¥I) and In(TII) were measured in agueous solution {I = 1; 25°C).
For gallium, the only species which can be studied is GaN32+, while
for indium all of the species In{Ns)i_n {fn =1 to 4) are formed.331

A detailed assignment and discussion of the infrared and Raman
spectra of soligd MeBP.GaCI3 has keen presented. The vibraticnal
assignment was cocmplete except for the torsional modes. The Ga-FP
stretching force constant (2.0lmdyn R_l) 1s similar to that in
Me . P.GaH There is extensive vibrational coupling between Ga-P

3 3
stretching, GaCl3 and PC3 stretching and symmetric deformations.332

3.3.4 Compounds containing Ga-0 or Ga-S Bonds.

The Raman spectrum of a single crystal of B-Ga203 was obtained
in the temperature range 4-1000K. The temperature dependence of

Raman band halfwidths can be explained in terms of anharmonicity,

creation of defects, and order-discrder phase transitions.333

Infrared spectra have been reported for the gallates LnGaO3
{Ln = La, Pr or Nd}, with the perovskite structure, together with

Raman data for NdGaOB. The Ga-0 bonds parallel to the C2 axis are
stronger than the others.334

Heating Na86a207 with lithium oxide produces single crystals of

Li3NaZGaO4. The same compound can be formed as a powder by

heating together all of the binary oxildes. The crystals contain
lsolated GaO4 units, with Ga-0 distances 1n the range 1.836-
1.8768,33% ,

Mixing soluticns of sodium vanadate (pH 12.6, 9-8 or 5.0} and
gallium{III} nitrate (pH 2.0) produces the single-phase specles
Ga.0.,.V OS.GHEO, 2Ga,0,.3v,0..15H,0 and Ga.O 2V,0..9H,0. These

27372 273 275 2 237

are thought to be Gavo,.3H,O0, Ga4(V207}3.15820 and Ga2v4013.9H20

4 2
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respectively.336
PbQGa8021' prepared for the first time from the individual oxides,
crystallises with cubic symmetry {space group ThG—Pa3). The

gallium is all present as GaO4 tetrahedra.337

A series of two-electron reduced gallato tungstates has been
isolated.338 KTGanH 0,,.16H,0 is orthorhombic, space group

11733 2 339
Pnma. The Gao, unit has a Ga=-0 bond length of 1.80%. The

hexamolybdogallates BaH[Ga{OH} Mo O é].BH 0 and
11 6 761 ii 2

M (NH,) [Ga(OH) Mo 0, ] .nH,O (where M

synthesised and studied by X-ray diffraction and infrared

spectroscopy.340

lgF n.m.r. spectra of GaCl3 solutions in ROH (R = Me, Et or nPr}

= Ca, Sr or Ba} have been

containing F- produced evidence for the formation of the following
outer-sphere complexes: [Ga(ROH)6]3+.P_.C1_; [Ga(ROH}Siﬂzo)]%+F1C1_;
[Ga(ROH)S(Hzo}]3+.F_.F_ and [Ga(ROH)4(HZO)2]3+.F-.34l

Kinetics and equilibria have been studied between gallium{III}
and salicylic acid, 5-chloro-, 5-nitro- and 3,5-dinitrosalicylic
acid in agueous solution, with [H+] in the range 0.0075-0,2M and
ionic strength 0.2M. GaL' and Ga(HL)" were detected for the first
three, but only GaL' for the last ligand.Complex formation
constants were determined.342

HMe3, where M = Ga or In, and g-tropolone react to give (66}.
Both were found to be monomeric in soluticn, with an almest planar
7-/5-ring bicyclic structure, approximating to C,, Symmetry. For

M = Ga the solid is dimeric.343

(66)

Solution equilibria were determined between Ga{III) or In{(III}
and the hexadentate ligands N,N*,N"~tris{2,3-dihydroxy-5-sulphon-
atobenzyl)-1,3,5-tris(aminomethyl}benzene (MECAMS} or N,N',N"-tris-
{2,3-dihydroxy=-5-sulphconatcbenzyl)=-1,5,10-triazadecane {3,4-LICAMS)
or the bidentate catechel N,N-dlmethyl=2,3-dihydro®y-5-sulphonato-
benzamide (DMBS). Increased acidity led to protonation cof the
hexadentate sequestering agernts {monitored by following v{C=0) by

F.T.I.R.}. The catechol derivative formed 1:3 complexes.344
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Eight tris{f-diketonato)gallium{III} and seven tris{f-diketonato}
indium{iIII} complexes have been prepared: H(RCOCHCOR')3, where
R" = CHF., or CF
2 19
fluxional;

53 R = Me, Ph etc; M = Ga or In. All are

F n.m.r. spectra show four rescnances in the non-
exchanging regions, due to cis- and Ezgﬂg—isomers.345
La3-33Ga602512 forms tetragonal crystals, belonging to the space
group P421m. The Ga, § and © are all four-cocordinate, The
structure is built up from sheets of GaS4 and GaOS3 tetrahedra,
parallel to the 010 plane. The La atoms bind together the
(Gaasso)nsn_ sheets, %6
and contains four-ccordinate, tetrahedral Ga.

Phase diagrams have been determined for the GaS-PhS and GaS-Pb

LaGaS. is monocclinic, space group P2./b,
3 347 1

systems. Only small regicns of solid sclution formation were

found.348 The Gazs3-PbS section of the Ga-Pb-5 system has been

investigated. Only one compound is found, PbGazsq, which melts
without decomposition at 87500.349

The crystal structure of the 3R-polytype of FezGazs5 has been
determined. The crystals are rhombohedral, space group R3m,

containing double layers of FeS, octahedra enclosed between two

350

single layers of GaS, tetrahedra.

q
(Ceo)ansz is tetragonal, space group I4/mom. The gallium is

four-cocrdinated by sulphur atoms, although there is a deficit of
both Ga3+ and 82_.351 In the orthorhombic crystals of (NdO)4Ga255
(space group Pbca} the tetrahedral GaS, units are linked into

4
sheets.352

s
L
s | s
, 5
~|s
M —_— ——
s/| /MHS
'
[
{67)

Nucleophillic degradation of M253 {where M = Ga or In) with
sulphide {as an alkali metal salt in aguecus solution at 90 for
4 hours) forms ”45108-°
of these are the same in solid and solution. A-ray crystallog-

Raman spectra show that the structures
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raphy reveals that these novel anions possess an adamantane-like

structure, (§1).353

3.3.5 Gallium Halides.
35,3?C 69,71

1 and

charge-transfer complexes of GaCl

Ga n.q.r. spectra have been reported for the

3 with ketones and nitriles.354

MC13, where M = Ga or In, and NaMn(CO)5 react to form
Naf €1, nH[Mn(CO)S]n}, where n = 1, 2 or 3. Indium{ITII) butyrate
and NaMn(CO)qL, where L = CO or PPh3, produce {C3H7C02}2InMn(CO)4L,
with five-coordinate indium. T1Cl and NaRe(CO)5 initially give
TlRe(CO}s, but this disproportionates to Tl and Tl [Re (CO)
Heating the latter produces Rez(CO}B[u—TlRe(CO)5]2.355

35Cl or 81Br and 69Ga n.g.r. spectra have been reported for
L22+Ga2x62_ (L = BMe,,
frequency is considerably lower in the Ga(II) than in Ga;;gI}

5137

NEtdg X = Cl or Br). The halogen n.g.r.

compoinds , The 696a signals were in the range 22-24MHz.

GazBrdpyz, {68) , foxms monoclinic crystals (space group C2/m).
The Ga-Ga bond length is 2.4218, and the complex adopts the
trans-conformation, as shown.35? The crystal and molecular
structures cof Ga23r4(1,4—dioxan) show that the Ga-Ga bond length
in this case is 2;3952, and that the structure is very like that
of the chloro—analogue.358

Phase diagrams have been established for the systems
GaIz—MGaI4, where M = Na, K, Rb or Cs. Continucus solid
splutions are formed for M = X, Na or Rb. For M = Cs there was
scme evidence of compound formation.359

Ga2I4 and Ga213 have been prepared as small single crystals by
heating the elements in sealed glass ampcules. The Ga213 was
found to be identical tc materlal formerly described as "GaI",
its crystals were monoclinic, space group le/c, and it could be

formulated as (Ga+}2(Ga216}2-, with a Ga-Ga distance of 238.7{(5)pm.
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The crystals of Ga,I,, i.e. Ga+Gan_, were rhombohedral, space

group R3c.360

3.3.6 intermetallic Phases containing Gallium.

The intermetallic compound Na22Ga39 is orthorhombic, space
group Pnma. Most of the galliwn atoms are arranged in a non-

compact framewcrk cof icosahedra, with a few galliwm atcms of lower

coordination number.361
The new compound Na?Gal3_I crstallises in the trigonal-

rhombchedral system, with the space group R3m. The Ga atoms form

Gal2 icosahedra and Ga clusters. These are linked to give a

15
three-dimensional network, and the resultant skructure is related

to that of MgCuz.362
structure, but here the crystals are orthorhombic, space group
363

The form Na7Ga13-II has a very similar
Pnma

3.4 INDIUM

3.4.1 Compounds containing In-C Bonds.

The structures of HHe3, where M = In or Tl, have been studied
by gas-phase electron diffraction. Both gave patterns

consistent with planar MC, skeletons and freely-rotating methyl

3
groups, The M-C bond distances were 2.161{3)2 {in) and

2.206 (N8 (11).3%4

C.N.D.O. molecular-orbital calculations have been carried out
on Incsﬁs, of CSv symmetry. The bonding between indium and the
corganic fragment is essentially a covalent interaction involving
indium 5s and 5p crbitals, and the ring | orbitals, The lone

pairs of electrons on the In has a very significant effect.365

Ph Fh Ph -
Ph h P,

Ph n
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1,4-Dithio-1,2,3,4-tetraphenylbutadiene and InCl3—py interact to
form {63). With InCl, , on the other hand, the spiro-anion {70)

4
is formed.366

3.4.2 Campounds contalning In-N or In-P Bonds.

Neutral In{(II) complexes In2x4L2, where X = Br or I;
L, = N,N,N',N'-tetramethylethylenediamine or L = FEt,, are
prepared by the reaction of Inx2 with the doncor in benzene or
tocluene scolution. Other donors, and for X = Cl all deonors,
produce decomposition to in°. The vibrational spectra of the
adducts show that szn—Inx2 mwits are present.367
Related adducts which have been repcrted are In XL, where
X =Cl, Br or I, L. = piperidine, piperazine, or morpholine;
X =Bror I, L = pyridine or DMSO, and species containing O or S
donors i.e. In2x4L2 (X =¢Cl, Br or I; L = },4-dioxan,
tetrahydropyran, THF or tetrahydrothiophen; X = Br or I; L =DMSO}.
Solid-state Raman spectra show that all contain In-In bonds.368
Reaction of InL3, where L = N(SiHe3)2, with trimethylphosphine
oxide, Me3P0 (=1'}, gives a l:lngmplex InL3{L'). This
dissociates on heating in vacuo.
In(i) halides disscolve in toluene in the presence of neutral
donor ligands at or below OOC. The simplest solute specles in
the InBr-tcluene-N,N,N',N’-tetramethylethylenediamine (TMEN) system
is InBr.3TMEN. This precipitates solid InBr.0.STMEN. Above 0°C
disproportionation of InX occurs. Seoluticons of InX, where X = Bx
or I, can oxldatlively insert into C-X bonds to give organo-
indium(IIT) halides.> 0
The equilibria and mechanism of interaction of In(III}) with

ferron, B-hydroxy-7-iocdo-quinolinium-5-sulphconate, H,L, {71}, have

been investigated. Two complexes were observed, [InL]+ and
[In(HL]]2+: these are thought to be formed by 3 parallel paths,
differing in their dependence on [H+].3?1
SO3
N I
*u
CH
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3.4.3 Compounds containing In=-0 or In-5 Bonds.
3* Las been studied for [in] from 0.2 to

The hydrclysis of In
0.75M, The results were explicable in terms of the formation of
only two polynuclear ions: (OH) and In {OH} . Formation
constants were determined for these.372

Potentiometric titration was used to examine the hydrolysis of
In{iIl) at 25°C, in the presence of 0,10 mol. dm_3 KN03. These
data were interpretable in terms of [In(OH)]2+, [In{OH)2]+ and
[In (OH) ]2p+ 373
In(III) 1n HZO dioxan solutions have been measured at dioxan mole
fractions of 0.25 and 0.48.374

InCl,[OP(NMe, } ],
from an aqueous scolution into CHC1

Equilibrium constants for the hydrolysis of

has been prepared by the extraction of InCl3

3 containing hexamethylphosphor-
amide., The crystal structure of this confirms that it contains
Eive-coordinate indium. The HMPA molecules are axial, with
average bond distances of 2.18% (In-0) and 2.368 {In-Cl).
Infrared and Raman spectra are consistent with these data.375
Investlgatlon of solubility in the Li SeO4 In(SeO } H20 system
at 20° C shows that there is no chemical 1nteract10n, unllke the
situation for other alkali metal catlons.376

Zinc indium double oxides, in 0k+3' where k = 2-5 or 7, can

be synthesised by sintering sto?chfometric mixtures of the initial
oxides. The vibraticnal spectra (50-1000 cm_l) were reported.3??a
Infrared and Raman spectra of crystalline SrIn204 were analysed to
give a general assignment of vibrational modes. A normal
coordinate analysis was performed using the polymer chain
approximation.377b

The double molybdate K In{MoO )4 forms monoclinic crystals,
space group Aa. InO6 and HOD4 units are present, which condense
to form infinite chains of {[In(Mc0,) 173, .378 InWo,, crystals
are rhombohedral, space group R3, of the Y6U012 type. 3?§he InO4
tetrahedra share comers as in the fluorite structure.

InGLa1006517 forms orthorhombic crystals, space group Immm.
The indium atams are present in both four- and six-coordinate
sites, all ccordinated hy S atoms, not oxygen.380 The complex
species In320N17F43 forms cukic crystals, space group Ia3, The
structure is related tc that of fluorite, with infinite strings of
corner-sharing In(O,F)GN2 distorted cubes, lying aleong the four
< 111> directions.381

A study of interactions in the indium-meclybdate system showed
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that heteropolycomplexes such as the 1l2-molybdatcindate are

formed, but less readily than for the analeogous gallium-containing

systems, 382

A121n459 and Gazlnds9 are formed by chemical vapour transport
reactions. They crystallise in the space group P3ml. Parts of
the AlInS3 In,S4 phase diagram was shown.383

3.4.4 Indium Halides.
Infrared and Raman spectra have been described for MInF, and

M3InF6, where M = Na, K, Rb or Tl. Internal anion modes and

lattice modes could be correlated with crystal structure and

coordination change5.384

Crystal structures have been determined for the tetra-n-butyl-
4_, InBr4-r InBrCla_ and InBrBCl_. All are
isemorphous, orthorhombic and belong to the space group Pnma.

ammoniuwm salts of InCl

symmetyy, with In-C1l

InC14- is a distorted tetrahedron, of Cg/
distances of 2.344(3) and 2.355(3]3. InBr4
symmetry, with In-Br 2.378(5)2. The mixed species hoth have

preserves regular Td

disordered structures, and 1t is difficult to discernm structural

. 385

differences.
Phase diagrams have been determined for the systems Inxa—Kx—H20,

where X = Cl oxr Br, at 21%. The following double salts were

detected: 3XCl.InCl.,.H,O, 2KC1.InC13.H 0;: 3KBr.InBr 1.5520,

372 2 3
2KBr.InBr..H,0, KBr.InBr..2H.C and 3KBr.2ZInBr.. All are

kR 3 2 o. 386 3
incongruently saturating at 21°C.

3.5, THALLIUM

3.5.1 Thallium{T) Compounds.
The infrared spectrum of the T1

2+ 2-
2 5
an argon matrix has been cbtained. The carbonate lon gives bands

triple ion isolated in

consistent with C symmetry due to cation/anion interaction.

The results were z:ry similar to analogous systems with alkali
metal carbonate5.387
A new cage molecule involving T1{I} has been prepared, i.e.
Tl(O Bu) Sn, the structure of which 1s (72), as shown by X-ray
diffractlon. It is prepared from [Tl{OtBu}]d and [5n0Bu)

Thalliem{I) chloride and [Hezsi{Meaco){Me3

{(73), which is monomeric and highly reactive.

3se
2]2'
CNLi)], react to form
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(72} (73)

The thalliuwm{I} derivative of HC5(602Me)5 has been prepared:
T1[§5(C02Me)5]. The thallium is irregularty five-coordinate,
with two chelating carbonyl groups from one anion, and 3 others
from separate anions. All of the carbonyl oxyyens of each anion
are coordinated to four different metal cations.390

Te(OH)G.leso4 is monoclinic, belonging to the space group P21/a.
There are two types of thallium present, one seven~, the other
eight—-coordinate. The Tl1-0 distances lie in the range 2.8 to
3.38,3% '

Thalliumn lanthanide double vanadates, T13Ln(VOd)2, where Ln = Y-
Lu or S5c, can be obtained by solid-phase synthesis. All

decompose above 450°C to the individual vanadates.392

The following new termmary thallium chalcogenides: T14Sizss,
T14Sizse6 and T14Ge25e5, have been synthesised from the elements,
411 of them are isostructural with T14G9256, and contain the
anions 512564_ etc.393 Single crystals of T14GeS4 and T14Ge5e4
can be obtained from the T12$—GeS2 or T1253—63592 syg;ims. The
physical properties of these crystals were reported. T125n253
is made from TlZS/SnS mixtures; it forms menoclinic crystals,
space group C2/c. The thallium is four-coordinated by sulphur
atoms (with T1-S in the range 2.81 - 3.13%8).3°°

The phase diagrams of the Ge—S—T1,396 Ag—-5e-T1, and Ag-Te-T1
systems have been determined.398 2 nuber of new ternary phases

397

were identified.

3.5.2 Thalliwm{IIi) Compounds.
The crystal structure of Adimethyl{(dibenzo-18-crown-6)thallium-

{IIT) 2,4,6-trinitrophenolate shows that the linear Mele(III)

unit is threaded through the crown ether, with the TlC2

perpendicular to the plane containing the six ether oxygen atoms
399

group held

and the thallium atom.
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Crystal structures have been determined for complexes between
dimethylthallium{III} picrate and two iscmers of dicyclchexano~18-
crown—6, The linear Me2T1+ is surrounded by six oxygen atoms in
each iseomer, which has cyclohexano-rings in the chair conformation
{these are related by a centre of symmetry, in the cis~anti-cis
isomer; and by a pseudo-plane of symmetry, in the cis-syn-cis
isomer) . At each cyclohexano-ring the T1-0 bond is longer than
N ax

eq

Equilibrium constants have been determined for the hydrolysis of
the T1(III} ion in water-dioxan mixtures. An increase in these
constants with increasing dioxan concentration can be explained by
positive energies of resolvation of the thallium icn on geing from
H20 to the mixed solvents.401

Thallium(III) acetate monchydrate, Tl(OAc)3.H2
clinic crystals, space group le/c. The thallium is coordinated

0, forms mono-

irregularly by eight oxyden atoms, with T1-0 distances of between
2.17 and 2.878.402
Evidence has been found for complexes of hexamethylphosphoramide
{HMPA} with T1X3 and PhTIX; ({(where X = Cl or Br}, i.e.
Tle{HMPA}2 and Pthx2(HMPA]. They were characterised by
infrared, Raman and 4 n.m.r. spectra, molecular weights and
conductivity.403
The thermal decomposition of T1P04.2H20 up to 700°¢C was
followed by thermal analysis, X-ray diffractlion, infrared and
n.m.r. spectra. Dehydration takes place in two stages (85-330°C},
followed (615—68000) by reduction of T1{III} to T1(I), giving a

polyphosphate.40d

Me

The crystal structure of {74) shows that the dithioccarbamate
ligands are uwnsymmetrically bildentate, with T1-5 distnaces of
2.591(2)8 and 2.728(38.%°°

TlIIIM.E‘6 {where M = Ga, In or Sc) are all prepared from the
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binary fluorides. All give crystals isostructural with VF3, with
a statistical distribution of the metal ions.406

The structures of Tlcli_ were determined from X-ray diffraction
on concentrated aguecus solutions of T1(III} and chloride iocn.
The T1-C1 distances were: T1C1, (T : 2.43(D)&: Tici (o)

2.59 (1) K. There was n¢ evidence for polynuclear species, and the
data were consistent with the Raman spectra of such 501utions.40?
X-ray diffraction by concentrated aqueous solutions of T1{III)

and various concentrations of Br gave the structures of

3- . - + .
TlBrn{H20)m N where n = 0,2,3,4. At high [Br ]:[Tl3 ratios

there was evidence for TlBrna_n, where n>4. No polynuclear

species were found in the systems studied.qo8
Tetrabromo- and tetrailodothallates(ITII} of alkali metal cations

crystallise fram agueous solutions as cubic hydrates, MTlxd.nHzo,

where M = Li ,Na,K,Rb,Cs or Nﬂd: X=PBror I;n=1o0r 2. The
icdo-compounds retained their cublce structure on dehydraticon, but
409

the bromo-species underwent structural changes.
Crystals of [NnBu4][TlI4] are monoclinic, space group P2,. The

TlI4 ion is very close to regular tetrahedral, with T1-I bond

lengths between 2,723(4) and 2.840(5}3. Assignments of

vibraticnal spectra were made for this salt at room and liguid

nitrogen temperatures.dlo
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