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3.1 BORON 

3.1.1 Roranes 

Graph-theoretical techniques can be used to count 2-centre, 

2-electron valence bond structures for boron hydrides. The 

heats of atomisation can be correlated using a four-term linear 

equation. This was based on the numbers of terminal and 

bridging BH bonds, nearest-neighbour boron atom pairs, and an 

estimate of the resonance enerqy. 
1 

Ab initio molecular orbital calculations were carried out for - 

H2BXH, HB(XH)2 and (H2B)2X, where X=0 or NH. Gaussian-type 

basis functions, (7s,3p) for B,N and 0, (4s) for H, contracted to 

a double-zeta basis (and auqmented with d-orbitals for 0 and NJ 

were used. The partial v-bond character was greater for B-N 

than for B-O bonds, and for H2BXH compared to the other two 

types. In all cases the overall charge transfer gave B+-X- 

polarity, so that boron was acting as a strong o-donor, but a 

weak n-accentor- 
2 

An ab initio molecular orbital study of the C2H4+BH3 reaction - 

show that hydroboration reactions go through a two-step process. 

First, a loose three-centre Ir-complex is formed (without an 

energy barrier), and then this is transformed to the product via 

a four-centre transition state - the latter process being rate- 

determining. 
3 

Pyridine complexes of diborane, dichloroborane and LiBH4 were 

investigated by conductometric titrations. The diborane complex 

is more stable towards hydrolysis than the other two. 
4 

Diborane, or a mixture of B2H6 and B5Hg, when irradiated by 

the R(16) line bf the 10.6um transition of a C.W. CO2 laser 

(973.3&-l), underqo an annarent thermal reaction to give B 
10H14' 

Up to 65% of the starting material which reacts can be so 

converted. If B2H6/B5Hg mixtures are used, less than 1400 

photons are needed to produce each B10H14 molecule. 
5 

The unconventional base bis(trimethylphosphine)-diborane(4) 

reacts with B2H6 or B4H10 according to equations (1) and (2). _ 
-2oOc 

312~~~~ + B~H~(PM~~)~ - 
CH,Cl, 

~~~~ (PMe3)l + B2H7 ..- (1) 

L L 

room temp. + 
B4H10 + B2H4(PMe312 

_*I -7 
> B3H6(PMe3j2 + B3H8 .-- (2) 
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The triboron comnlex cation has never been reported previously. 
6 

Pentaborane(9) reacts with an excess of trimethyl-phosphine to 

qive a mixture of B2H4(PMe3)2 and a new hypho-class compound, 

tris(trimethylphosnhine)triborane(5), i.e. B3H5(PMe3)2- The 

latter sublimes under vacuum to give B6H10(PMe3)2. 
11 

B n.m.r. 

data were reported for all the borane adducts prepared. 
7 

The degenerate rearrangement of tetrahedral B4H4 and B4F4 along 

a least motion pathway passes through a square-planar midpo.int 

structure, equation (3). The rearrangement is accompanied by an 

orbital crossing of the HOMO-LUMO type, and this produces a 

3 

I ,/‘\ I 
\‘/ I 2- 2 /‘\ . . . (3) 

I 

h 

0 'l‘;;:;;i' 1 

4 4 

sizeable enerqy barrier to the process. Approximate and ab initio - 

calculations of this barrier yielded a -value of about 355kJ mole 
-1 

for B4H4, with a smaller value for B F . 
8 

Multinuclear (lH, 
11 

B lg 4 4 , F and 31 P) n.m.r. studies have been 

carried out on B4H8(PF2X), where X=F,Cl,Br,I or H. Variable- 

temperature 
19 

F n.m.r. data showed that, except for X=H, all the 

molecules exist as geometrical isomers (with the phosphine placed 

endo or 9 with respect to the folded B4 framework) at ambient 

temperature. At low temperatures rotation about the P-B bond in 

the endo isomer becomes slow on the 
19 

F n.m.r. time-scale, and 

rotational isomers were observed - two when X-Cl or Br, only one 

when X=F or I. Rotation about the P-B bond was rapid at all 

temperatures in the exo isomer. 
9 

self-consistent charge calculations were carried Out on 

derivatives of pentaborane(9) to examine multicentre bonding, and 

the aoplication of the "isolobal, pseudo-isoelectronic" principles. 

Results were able to reproduce known photoelectron spectra quite 

well. The HOMO of B5Hg involved apical boron 2p orbitals, and 

correlated well with cluster orbitals in l- [(B4H8)Fe(COJ3] and 

l- (B4H8)Co(n 
[ 5-C5H5)], which involve mainly metal 3d orbitals. 

The next cluster orbital in B H 
lo5 g' 

however, has no close counterpart 

in the metallo-derivatives. 
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The first sign determination of a 
llB_11 

B spin-spin coupling 

constant has been reported. Using 13C_{lH,ll Bjtriple resonance, 

and several double resonance techniques, 'J(=B _ll Bb) was found 

to be +18.9Hz in l- 13C-methyl-pentaborane(9),(A?. A~so*J(~H-~~B~) 

(1) 

(-6.8Hz) and 'J(13C - l1 Ba) (+73.1Hz) were found for the same 

molecule. The signs and magnitudes of the 
13 

C-lH and lH_llB 

coupling constants were also found in RMe-4 and BPh - 11 
4' 

Investigation of the mercury-photosensitized reactions of 

selectively deuteriated pentaboranes (including l-DB5H8 and 

u-DB5H8) suggests that the primary reactive intermediate leading 

to decaborane (14) and -(16) is pentaborane(71, from direct loss 

of molecular H 
2' The elimination of H2 from any pair of H sites 

in pentaborane is a random, but not strictly statistical process. 

No evidence was found for the free-radical intermediate B5H8. 
12 

Although derivatives of pentaborane(9) with bridging substituents 

u-ER 
3' 

where E=Si,Ge,Sn or Pb, have been known for some time, no 

carbon-bridged analogues u-(CR3)B5H8 have been reported. Calcu- 

lations of m-0. energies for u-(CH3)B5H8 were unable to rationalise 

the non-existence of such compounds. However, reaction of ally1 

iodide or benzyl bromide with B5H8- gave 2-allyl- or 2-benzyl- 

oentaborane derivates, apparently via a short-lived bridging 

intermediate. 
13 

Electrochemical studies on the arachno-boranes Bl'CH10L2 (where 

L=CNMe, SMe 2 or PPh3) gave evidence for a new BlD species, formed 
t 

in very small amounts. N-m-r. evidence suggested that it might 

be a nido-B loHloL2 compound. 
14 

Cyclohexane adds to B10H12(SMe2)2 to give 9-cyclohexyl-S(7)- 

(dimethyl sulphide)-nido-decaborane(ll), B10H11(C6H11)SMe2. The 

unsymmetrical environment at B(5) gave rise to 2 methyl resonances 

in the n-m-r. spectrum. 
11 

B and 13C n-m-r. spectra suggested a 

similarity in structure between this compound and the parent 
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B10H12SMe2- 
The present compound reacts with NaH to form 
2- 

2-(C6Hll)BloH9 - Extended Hllckel calculations suggest that the 

most likely positions for nucleophilic attack would be B(8) and 

B(9).15 

Sinqle-crystal X-ray diffraction studies on the compound 

described in the last reference show that the boron atoms occupy 

a nido-decahorane framework, with 8 terminal and 3 bridging 

hydroqens (the latter at B(6)-B(7),B(8)-(9)and B(9)-B(lo)). The B-B 

distances were similar to those in B10H13-- The Me2S (at B(5)) 

cave a B-S distance of 1.89(1)x, while the B(S)-C(of C6Hll) 

distance was 1.58(1)8?" 

The structures of the isomeric forms of the large neutral 

horanes, 2,2'- and 2,6'-biscnido-decaboranyl), (BloH13j2, have 

heen determined by X-ray diffraction. The 2,2 '-isomer, is 

tetragonal (space grouo 14lcd), with an intercluster B-B distance 

of 1.692(3)& the 2,6'-isomer is orthorhombic (space group 

Pbca), and has a B-B (intercluster) distance of l-679(3)8. 
'H-{ll B) and 'lB n-m-r. spectra were reported, and assigned in 

detail for the 2,2'-isomer. 
17 

Selective lH-111 B} n.m.r. spectroscopy was used, together with 

simple pulse and "partially relaxed" 
11 

B and "B-llH]data, to 

assign the 'H and l1 B spectra of icosaborane oxide. These 

confirmed its structure as 6,6'-u-oxo-biscnido-decaboranyl), 

(BloH13)20.18 

It has been suggested that the structures of polymeric boranes, 

(BH)x, where x is a large integer, may be built up by the linkage 

of structural units related to those of nido-boranes. 
19 

3.1.2 Rorane Anions and Metallo-Derivatives 

SiF4 reacts with a dichloromethane solution of [nB~4Nj[BH4] to 

give the "Bu4N+ salts of BH3SiF3- and BH2(SiF3)2-, equations (4) 

and (5). The new anions were characterised in solution by =B 

n-m-r. spectra. 
20 

BH4- + 4BH4SiF 
4 
- + 4BH3SiF3 + BF4- + 4H2 .- _ (4) 

2BH3SiF3- -+ BH2(SiF3)2- - + BH 
4 

___ (5) 

Complexes of LiBH4 with dimethylformamide, tetrahydrofuran and 

diethyl ether were studied by coulometric titrations_ 21 

The 25OC solubility isotherm has been determined for the system 

Yg(BH4)2-Et20-toluene. The phase crystallising at all concen- 

trations is Mg(BH4)2.2Et20.22 The non-solvated form of Mg(BH4)2 
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can be prepared, however, about 99% pure by the reaction of NaBH4 

and anhydrous MgCl2 in Et20. The reaction involves excess NaBH4, 

takes place on refluxing for 20-25h, and gives yields of over 

80%.23 

Inelastic electron tunnelling snectroscopy (IETS) was used to 

characterise Zr(BH4)4 supported on alumina. The vBH modes 

suggest that there are several different types of surface species, 

or that there is strong counling involving BH4 groups attached to 

a common Zr atom. There was also evidence for Zr-0 and B-O 

vibrations. 
24 

IETS experiments were also performed on Zr(BH4)4/A1203 over the 

temperature range 300-475K, to probe its interactions with H20, 

D20 or D2- The BH4 groups attached to Zr or to Al all show 

bidentate coordination, and there was also evidence for 0-BH2 

groups. Hydrolysis occurs rapidly, even at 300K, but there was 

no evidence for H/D exchange on the supported complex in the 

presence of D2 or D20. 
25 

IETS was also used to study the 

interactions of C2H2, C2H4 and MeCH=CH2 with Zr(BH4)4/A1203. 

There was evidence for C-C and C-H bonds in the surface species. 
26 

Sodium borohydride reacts with MoC13(PMe3) to form MoH(BH4) (PMe3)4. 

The BH4- ligand is shown by X-ray diffraction to be bidentate, and 

the solid-chase i-r. spectrum shows VBHt and vBHb,, in agreement 

with approximately Czv local s_-etry for the Mo(BH 1 unit. Thus, 

V s and v (BHt) are at 2290(Al) and 2340 (Bl) cm- 
l4 
, with 

V (BHb,) ZTving a strong doublet at 1885 and 1935 cm-l. Other 

vibrational modes associated with the MoH2B unit gave bands at 
-1 27 

1360 and 1165 cm _ 

The following tetrahydroborato-complexes have been prepared: 
I 

(BH4)M (PMePhzjj (;=Cu or Ag), as well as the substituted 

species [(EtO)BH3] M (PMePh2)3. In the solid-phase, i-r. spectra 

show that the BH4 unit is unidentate, (2) - In solution, however, 

an equilibrium is set up between singly- and doubly-bridged 

species (from i-r. and n.m.r. results). 
28 

0 
G-Q? 

0 0 
H 

Me 

\ / 

"\ /" Me 

M-H-B-, =u -_ \ 
/ 

1: 
;I 
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(2,9-Dimethvl-l,lO-phenanthroline)tetrahydroboratocopper(I), 

(2) I forms orthorhombic crystals, space group Pnma. The Cu(1) 

has distorted tetrahedral coordination, with a bidentate BH4- 

ligand. The Cu-B distance is quite short, 2.08(2)a. 
29 

The LiBH4-Y(BH4)3 -THF system has been studied by isothermal 

solubility at 20°C. Crystallisation regions were found for the 

solvates: Y(BH4)3. 7THF and Y(BHq)3.3THF, to;;ther with the 

hitherto-unknown species LiBH4.Y(BH4)3.4THF. In the Nd(BH4)3-THF 

system, crystallisation regions were found for octa-, hexa- and 

tetra-solvates. 
31 

u-v. irradiation (at 253.5nm) causes photolytic decomposition 

of U(BH4)*_ No decomposition occurred, however, under the action 

of CW lasers in either the visible or infrared regions- 
32 

The structure of NP(BH~)~ has been determined by single-crystal 

X-ray diffraction at 130K. The crystals are tetragonal, space 

qroup P42/nmc. The four BH4 groups are arranged tetrahedrally 

about the neptunium, with an Np-B distance of 2.46(3)2- The 

ligands are trioly-bridging. 
33 Solid-state, low-temperature 

infrared spectra (25-74OOcm -1 
) and Raman spectra (100-2600 cm -l) 

of NP(BH~)~ and NP(BD~)~ could be assigned on the basis of Td 

symmetry_ A normal coordinate analysis gave a very similar 

force-field to those for M(BH4)4, where M=Zr or Hf.34 

B3HS reacts with amine or tertiary phosphine complexes of 

Co(I) or Co(I1) halides to give arachno-triborane-ligand adducts, 

B3H7L, together with B2HqL2 and BH3L (where L=pyridine or tertiary 

phosphine). A similar reaction occurs with trans-[MI (Co)C1(PPh3)2], 

where M(I)=Rh or Ir. The latter complex also giues a "borallyl" 

compound: [Ir 
III 

(n3-B3H7)(CO)H(PPh3)2>, which could alternatively 

be .described as a nido-iridatetraborane: ~IrB3H7)-(CO)H(PPh3)2~. 
35 

An X-ray structure determination has been carried out on 

(OC)4YnB3H7Br, at -lOO°C. This shows that the B3H7Br ligand is 

bidentate, with the Br atom attached to the unique boron in an exo- 

fashion, (4). The molecular symmetry is Cs. The H atoms in 

this compound undergo exchange reactions at a rate suitable for 

n-m-r. study. Kinetic activation parameters for intramolecular 

hydrogen exchange are: AG* (23OC) 51.0 + 0.02 kJ mole -1 , AH'44.72 

1.5 kJ mole 
-1 

, AS* 11.1 2 5.9 J mole-' K-1.36 
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0 H2 

P. 
H H 
1 I 

The complexes (u-X) (OC)6(B3H8)?4n2 (where X=Cl or Br) have been 

prepared bv the reaction of AlX3 with Mn(B3H8)(C0)3 in CH2Cl2 or 

(for X=Rr) from !ln2(CO)8Br2 and VeQN+B3H8-. The crystal structure 

of the bromo-compound has been determined - showing that B3H8- acts 

as a bridging bidentate ligand, (2). 
37 

'4etal atom syntheses of metalloboron clusters have been examined, 

especially for Co with B5H9, B6HlO or B10H14, in the presence of 

various other reactants. Thus Co, with B5H9 and C5H6 gave several 

known compounds, plus the new species: 1,2,3-(n-C5H5)3C03B5H5, 

8-~-(C,H9)-1,2,3-(n-C5H5)~Co3B~H4 and (u,-CO)-1,2,3-(n-C5H5J3C03B3H3. 

The technique also permits the direct conversion of boranes and 

alkvnes to metallacarbaborane clusters. Thus, 

2-butyne gives (among others) 2,5-(Mel2 

CO + C5H6 + B5H9 + 38 

-1,7,2,5-(n-C5H5)2C~2C2B5H5. 

Extended Hfickel m-o. calculations have been performed on 

trigonal prismatic platinaboranes and carbaplatinaboranes, 

[B8{~t(PH3)21~8]2- and [B6C2{Pt(PH3J2)H8]. The observed confor- 

mations of these molecules can he explained in terms of the nodal 

characteristics of the frontier orbitals of the constituent 

Pt(;H;)$ 
and (carbajborane fragments. 

39 

RgXg4- 
9 

can be converted to the perhalogenated derivatives, 

(where X=Cl,Br or I) under aorotic conditions, equation 6 

“NCS” 
> B9C19 

2- 
(80-90% yield) 

/ 

(where "NCS", "NBS" _ = N-chloro- or N-bromosuccinimide), all in - 

CH2C12 solution. The chloro- and bromo-compounds can be oxidised 

(e-g. by thallium(III)trifluoroacetate) to neutral BgXg- The 
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intermediate radicals B X v were also reported - the first 
g 30 

examples of such species. 

The BlYY;2 
*- ligand in 

gated hy 
llB_{lH) lH_{ll 

n,~195,,_11,~ and n+lJ;195 

Pt(BloH12):~~l~h)21Hl;nasmb~n investi- 

Bj and - B, -.. spectroscopy. 

Pt-1H) coupling constants were evaluated, 

and used to assign the 
11 

B spectrum. 
41 

Variable temperature lH- 

13l P} and 'H-{= B) n.m.r. snectra show that the (n4-BloH122-) ligand 

in this complex undergoes a novel type of dissociative rotation 

about an axis approximately in the Pt(I1) coordination plane. 

This process has a AS * value of (79+5)kJ mol 
-1 

at 71OC. 
42 

The crystal structure of (Et3NH)2(B12H12) has been determined. 

The crystals helong to the space group RS, and the anion forms all 

icosahedron which is very close to being regular - the distortions 

heing much less than in the Kf salt. The mean B-B bond length 

was 1.781(2)x, and this will be useful for evaluating future 

theoretical studies. 43 

Alkali metal tetrahydroborates (MBH4, where M=Na or K) react 

with H B.NMe 
3 3 in high-boilinq hydrocarbon solutions at 200-25OoC. 

When the nroduct is extracted with water and precipitated by 

CsOH, a 93-95% yield of Cs2B12H12 can be achieved. This is an 

example of the formation of icosahedral B 
44 12H12 

2- 
from the simplest 

possihle units. 

K2B12HloF2- H20 can be obtained by the fluorination of.K2B12H12 

by liquid HF in an autoclave. Spectroscopic and X-ray powder 

diffraction data were listed. The infrared soectrum contained 

hands of the new anion at 405, 690, 885 and 1610 cr~-~.~' The 

reaction of K2B12H12 with liquid HF in an autoclave at elevated 

temperatures leads to further fluorination. From 60-90°C the 

product is K2B12H8F4_H20; from 90-150°C K2B12H7F5; and from 

150-180°C K2B12H6F6.2H 0. 

of the last compound. 
42 

This was the first recorded preparation 

3.1.3 Carba- and other Non-metal Heteroboranes 

MNDO calculations have been carried out for all known carba- 

boranes up to (H,cj12 which had not been reported earlier. The 

calculated qeometries were in good agreement with experiment if 

appropriate symmetry constraints.were applied. 47 

1,5-C2B3H5 forms a dimer, [2,2'-{1,5-C2B3H4)2] and a trimer, 

[2,2'-3,2'-{1,5-C2B3H4}2-1,5-C2B3H3] on pyrolysis. Both were 

characterised by n.m.r., i.r., u.v.,'and photoelectron spectra, 
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and (for the dimer) Raman snectra. In addition, MNDO m-0. 

calculations were performed on both systems. Theory and experiment 

both suggest that the dimer possesses a single stable conformation 

(of D2d symmetry). This results from a s-type interaction across 

the exonolyhedral B-B bond. 
48 

Photolysis of the nido-ferraborane, (B4Ha)Fe(Co)3, in the 

presence of RCXR gave a good gield of the tetracarbaborane 

R4C4RqH4- For R=Ye, the species was characterised by mass and 

n.m.r. SDeCtrOSCOpy; the structure best explaining the results 

was (5). It was also possible to isolate as an intermediate 

Rle4C4B4H4 Fe(Co)3.4g 

The initial step in thermal reactions of pentaborane(9) with 

alkynes had been proposed to he hydrohoration of the alkyne, to 

qive an alkenyl-substituted nentaborane(9) derivative. Such a 

compound has now been isolated, i-e_ 2-(cis-2_butenyl)pentaborane(9 

(3) - Further, this can be converted in high yield into monocarbon 

carbaboranes, e-q. (8). 
50 

- 

(1) Me 

). 
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A nitroqen derivative of close-2,4_dicarbaheptaborane, 

[S-Ve3N-2,4-C2R5H6]+, (9-1, is prepared from 5-Cl-2,4-C2B4H6 and 

NMe 3, followed by removal of halogen in a two-step displacement 

reaction. 
51 

Two-dimensional correlated llB-1H n m r ..- spectra have been 

renorted for 2,4-C2B5H7_ One striking feature of the results 

(the first recorded use of this technique for B-H systems) is the 

annroximate 3:1:1:3 intensity pattern for the 
11 

B-coupled proton 

quartets. It was nossible to resolve heavily overlanped 11, 

siqnals, and to correlate the resonances of individual 
11 

B and 1, 

nuclei which are scalar-coupled to each other. 
52 

Ion-molecule reactions of close-carbaboranes, 1,6-C2B4H6 and 

2,4-C2B5H7, were investigated by pulsed ion-cyclotron resonance 

methods. Condensation reactions of the parent ion with itself 

are observed - with loss of H 2 for both molecules- 1,6-C2B4H6 

also condenses with orotonated acetone, again with loss of H 
2' 

Proton affinities were estimated as follows: 

kJ mol-'; 

1,6-C2B4H6:870 2 4 

2,4-C2B5H,: _ 723 + 2 kJ mol 
-1 

. The large difference was 

attributed to the fact that the molecule CB5H7 (isoelectronic with 

C2B4H7+) is known, but nothing isoelectronic with C2B5H8+ is known_ 53 

Xonochloro- and dichloro-derivatives of 1,6-C B H 
246 

and 2,4- 

C2D5H7 have been nrenared: 5-Cl-, 3-Cl- and l-Cl-C2B5H6 (relative 

volatilities 3-Cl->l-Cl->5-Cl-), 2-Cl-1,6-C2B4H5, 2,4-C12-.1,6-C2B4H4 

and 5,6-Cl -C2BSHS. 

based on 
13 

The assignments of chloro-positions were 

B n.m.r. measurements. 
54 

KB9H12 or KBIOHllSe react with As203 in basic solution to form 

D8H8As2S, B8H8As2Se resoectively. Base degradation followed by 

treatment with C5H5- and CoC12 converted the former to B7H7As2SCoCp. 

The reaction of B7C2H13 with AsI and triethylamine produces a 

moderate vield of B7Cz2H9As2. 55 

;\Iolecular orbital studies have been reuorted (using a minimum 

basis set) for the known azaboranes arachno-4-NB8H13, arachno- 

BgH12NH- and nido-lo-N-7,8-C2B8Hll, as well as for the hypothetical 

close suecies 1,12-NCBlOHIl. The PRDDO calculations suggest that 

the most characteristic feature of the bonding in these molecules 

is the tendency of nitrogen to form polar, and whenever possible, 

two-centre bonds. 
56 
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Electron diffraction by gaseous l,lO-dicarba-close-decaborane 

(10) , C2B8H10' (S), gave the molecular structure (based on the 

assumption that the C2B8 skeleton is a bicapned square antiprism, 

D4a)- The following bond distances were calculated: B-C 1.602(2)2; 

(10) - 

B(2)-B(3) (basal) l.SSO(S)~; B(2)-B(6) (equatorial) l-829(4)8; 

B-H 1_164(14)8; C-H 1.14(2)2, with C-B-H 117.5 (1.8)".s7 

2,3-Dimethyl-4,7-dihyhroxy-lO-bromo-2,3~dicarba-closo-undeca- 

borane, Ye2C2;jH6(OH)2Br, forms crystals belonging to the space 

group Fddd (D2h)_ The OH groups were located on adjacent vertex 

nositions (B(4,7) 1, with the bromine at B(10). The configuration 

of the polyhedral cage is intermediate between the close (C2v) and 

nido (Csv) icosahedral fragment. The distortion from the former 

is attrihuted to donation of electron density from the lone pair 

electrons on the oxygens to the m-0. framework of the polyhedron, 

i-e. this tends to increase the skeletal electron count from the 

close total ((n+l) oairs of electrons) to the (n+2) pairs typical 

of nido structures (where n is the number of vertex positions)_ 58 

The crystal and molecular structures of caesium 9,10a,ll- 

trimethyl-7,8-dicarba-nido-undecaborane, 9,10a,ll-(CH3)3-7,8- 

C2B9H9 ' 
have been determined_ The crystals are triclinic, 

belonginq to the snace group Pi.. All three boron atoms of the 

onen face bear methyl substituents, with one (B(lO)), also an H 

atom. The methyl group at BOO) is in an axial position - with 

the angle hetween Me-R(10) and the open face approximately 900." 

B9H12S ' 
when treated with potassium polyselenide, forms 

BgHgSSe_ Similarly, with potassium polysulphide (in the presence 

of a small quantity of the polyselenide) BgHgS2 is produced. 
11 

B n_m_r. data suggest that the structures are similar to that of 

the previously-known BgHgSe2. Treating BgHgSe2 or BgHgSSe with 
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trimethylamine, C5H6 and CoC12 gives B9H9SXCo (IJ-C~II~), where 

X=S or Se. The X-ray structure, for X=Se, shows it to have a 

twelve-vertex nido-caqe. The close-compound[B9HgSe Co(n-CgHg)]2 

is also isolated from the CoC12 reaction. Base degradation of 

B9H9SSe (with KOH) followed by addition of aqueous HCl yields 

B7H9SSe. 
60 

6-SR9Hll underqoes facile hydroboration reactions with alkenes 

and alkynes. Alkenes give 9-R-6-SBgH10 (R=alkyl)_ Alkynes such 

as acetvlene, PhCECH, PhCzCPh or 3-hexyne give 9-R'-6-SBgHlO, 

where R'=alkenvl_ Acetylene undergoes double hydroboration to 

form 9,9 '-CH3CH-(6-SRgH10)2.11 The coordination of R or R' at the 

9 oosition was confirmed by B n_m.r_ results. 61 

Aqueous polyselenide or nolytelluride solutions react with 

BgH13.SFIe2 to form BgH12X (X=Se or Te). These are oxidised by 

I2 
to BgHllX (in benzene) or BgHllX.MeCN (in acetonitrile). The 

latter, with X=Se, forms a triethylamine adduct, BgH11Se_NEt3- 

BgHllSe decomposes on pyrolysis to BgHgSe and BllH1lSe. The 

formation of BgH12Se is accompanied by small amounts of B8H10Se2. 
62 

He(I) and Ne(T) nhotoelectron spectra have been reported for 

the thiaboranes: l-SBgHg, l-SRllHll, 6-SB9Hll, lo-CH3-l-SB9H8, 

lo-Br-l-SBgH8. and 6-Br-1SBgH8, together with the He(I) spectra 

of the related species: l,lO-C2H8H10. 1,12-C2B10H10 and B10H14- 

The observed substitution effects can be used to define the 

availability of electron density at the 6- and lo-positions of 

l-SB9Hg relative to other borane frameworks. The nature of the 

highest energy m_o.'s for 1-s~~~~ was deduced - they consist of a 

qair of framework orbitals involving B 2p and S 3p functions lying 

on the surface of the sohere containing the cage atoms. 
63 

The crystal structure of 9-methylsulfionyl-1,7-dicarbacloso- 

dodecaborane(l2) has been determined. The crystals are orthorhombic, 

and belong to the space group Pnma. The B-S distance in 9-CH3S02- 

1,7-C2B10H11 is 1.8762, and there was no evidence for an abnormally 

long B(2)-B(3) distance, 

C2B10H10- 
64 

as had been found for e.g. 9,10-Br2-1,7- 

Gamma-ray induced polymerisation of a 1:3 molar solution of 

solid 1-vinyl-o-carbaborane and styrene formed a co-polymer 

containing a 1-vinyl-o-carbaborane molecule and nine styrene 

molecules per co-polymer molecule. The structure was related to 

that of polystyrene, but with no unsaturated end-group_ 65 
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I II 
=12P\N,P=12 

Both cyclic, (111, and polymeric, (121, phosphazenes containing 

carhahorane side chains have been nrenared for the first time. 
66 

3.1.4 Yetallo-heterohoranes 

The crystal and molecular structures have been determined for 

2,3-Ye2-1,2,4,5-(n5-C5H5)2C02C2B3H3 and 2,3-Ve2-1,2,4,5-(n5-CgHg)Z- 

CoFe(H)C2B3H3_ Both contain seven-vertex, pentagonal hipyramidal 

V2C2B3 cages, with Co at an equatorial vertex and Co or Fe at an 

apical vertex. In both cases the framework carbon atoms occupy 

adjacent equatorial positions. Previous n.m.r. data had suggested 

these structures. These results, however, give the first definite 

evidence for the nresence of eauatorial metal atoms in pentagonal 

hioyramidal metallohoron cages, and the smallest metallocarhahoranes 

established to contain Y-M bonds. 
67 

Co(PEt3)4 reacts with close-1,7-C2B6H8 or close-1,5-C2B3H5 to 

form 2,2,2-_(H) (Et3P)2-2,1,8-CoC2B6H8 and 2,2-(Et-3P)2-2,1,6-CoC2B3H5 

respectively. The structures were established by X-ray crystallo- 

graphy, the former containing a tricanped trigonal prism, with C(l), 

B(6) and C(8) occupying capning sites. 
68 

Sealed-tube nvrolysis of (nido-u4 5-{trans-(Et3P)2Pt(H)] -u5 6- 

H-2,3-Ye2-2,3-C2B4H4] oroduces the cl&o-carba-metallohorane, 
I 

[l,l-(Et3P)2-2,3-Me2-l,2,3-PtC2B4H4]. X-ray diffraction of the 

product showed that the crystals were monoclinic (space group 

P2l/a). The molecular structure is a highly-distorted pentagonal- 

binyramidal cage, with a novel (C2v) conformation of the Pt(PEt3J2 

fragment. By contrast, pyrolysis of [nido-;lq15 -{trans-(Et3P2)Pt(H)3- 

u5 6-H-2,3-C2B4H6] leads to senaration of the cage carbon atoms, 

yiblding ~closo-l,l-(Et3P)2-l,2,4-PtC2B4H6~. 
69 

CoCl 
2 

or FeC12, on simultaneous treatment with 2.3~Me2C2B4H5- 

and B5H8 in tetrahydrofuran, at room temperature, yields mixed 

ligand metallacarbaboranes. With CoC12, the chief product was 
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C*.I~~~C~B~H,] CoH[IZe2C2B7H7j - FeC12 gives several products: 

%?4C,B8H8 (known), with the new species [Me2C2BqH4]FeH2[Me2C2B5H51 

and Ye4C4BllHl . 

rage qeometry. 30 
The last was thouqht to have 15-vertex nido- 

The crystal and molecular structures of 4,5,7,8-Ph4-1,4,5,7,8- 

(n-C5H5)CoC4B3H3 (in which there are more carbon than boron atoms) 

have been studied. The cage framework can be described as a 

bicanned square antinrism missing two vertices (one cap and one 

enuatorial nosition). This structure could not be predicted from 

simole electron-counting rules, but it is consistent with some other 

eiqht-atom twenty skeletal electron systems. 71 

SCCC molecular orbital calculations on [r-(3)-1,2-dicarbollyl]- 

tricarhonvlmanaanese, K'b)Mn(C0)3-, confirm previous work on 

(Cn)Fe(Cb)- in showing that the dicabollide anion should be regarded 

formally as A u-electron donor, and only in a secondary manner as a 

n-electron donor. 
72 

Reactions of [hvner-closo-2-p1-3-R2-6,6-(PPh3)2-6,2,3-RuC2B7H7~ -- 

with (o-styrvl)diphenyiphosnhine, when R 1 , R2=H or Me; Rl=H, 

R2=Ph; (o-allylphenyl)diphenylnhosphosphine, when R1,R2=H or Me; and 

Ph 3_nP(CH2CH2C1f=CH2)n, when n=l or 2, R1,R2=Me, give sixteen-electron 

ruthenacarbaborane complexes, [hyner-close-RuL(C2B7H7R1R2)]- The 
I 

crystal structure of [2,3-Me2-6-(CH2&HCH2C6H4Ph2P)-6,2,3-RuC2B7H7] 

was determined. The C2B7 fragment has arachno-geometry, occupying 

nine vertices of an 11-vertex octadecahedron, with a Ru atom in a 

-non-vertex" position, and within bonding distance of six atoms in 

the ooen face. The observed distortion from the common ten-vertex 

bicanned square antiprismatic structure was probably due to the 

perturbation of the polyhedral skeletal bonding induced by the 

sixteen-electron ruthenium(I1) centre. 
73 

PJaC2B8Hll reacts with [IrCILn], (n=2, L=PMe2Ph, AsMe2Ph; n=3, 

L=PPh3) to give eiqhteen-electron Ir(II1) complexes l,l-L2-l-H-1,2,4- 

IrC2B8H10_ ShC1L3, on the other hand gives sixteen-electron Rh(I) 

comnlexes [nido-9,9-L2-9,7,8-RhC2B8Hll), where L=PPh3 or P(p-tolylJ3, 

and the eiqhteen-electron Rh(I) complexes [nido-9,9,9-L3-9,7,8- 

RhC2B8H11 I 1 where L=As*?e2Ph, PMe2Ph, PMe3, AsMe3, SbMe3 or PEt3- 

In solution, reversible dissociation of rnido-Rh(PEt3),(C2B8Hll)] 

occurs to give [nido-Rh(PEt3)2(C2B8H11)]- The latter partially 

isomerises to [closo-l,l-(PEt3)2-l-H-1,2,4-RhC2B8H10] on standing. 
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NaC2B8Hll and [9hHC1(PPh3)3]form [closo-1,1,3-(PPh3)3-l-H-l,2,4- 

BuC2B8H9]r in which a PPh3 ligand has disnlaced a terminal B-H of 

the carbaborane. 
74 

5,6-Dicarba-nido-decaborane and [Pt2(u-cycle-octadiene) (PEt3J4] 

form 9-H-9,9-(Et3P)2-u10 ll-H-7,8,9-C2PtB8H10. Pyrolysing this 

at 100°C leads to loss 0; H2 and formation of 9-H-9,10-(Et3PJ2- 

7,8,9-C2PtB8Hg. The structures were determined by X-ray diffraction. 75 

(Ph3P)?I(C2B8Hll), where M=Cu or Au, or (Ph3P),Ag(C2B8Hll), were 

prepared from reactions of C5,6-C,B8H11]- with [PPh3CuC1]4, 

(PPh3)AuCl and (PPh3)2AgBr respectively. The silver compound 

loses triphenylwhosphine on recrystallisation to form "(Ph3P)Ag(C2B8H11)'.' 

This is a dimer, containing two enantiomeric arachno-AgC2B8 cages 

linked by a pair of Ag-H-B bridges derived from B-H (terminal) 

qrouos. 
76 

The crystal and molecular structures have been determined for 

isomer 1 of (Ph2PCH2)2NiMe4C4B8H8 and isomer 2 of (n5-C5H5)CoMe4C4B7H7. 

The nickel comnound contains a nido thirteen-vertex NiC4B8 cage, 

which is related structurally to a fourteen-vertex close polyhedron, 

b.y removal of one vertex from the bicanped hexagonal antiprism. 

This is the first example of a nido-thirteen-vertex cage. The 

cobalt comnound also has unprecedented geometry - an irregular 

basket-shaned framework, with one carbon atom bridging three 

framework atoms across the onen ton of the basket. The two 

compounds are related, since removal of one BH from the MC B 
47q 

system, 

with linkage of two carbon atoms, 

4-rn5 

produces the CoC4B7-type. 

-C5H5)Fe(n5-C5H4)]-2,3,7,8-Me4C4B8H7, from the reaction of 

Ve4C4B8H8 with sodium naphthalenide, FeC12 and Na+Cp- in THF, 

contains a C,B8 distorted icosahedral caqe, very like that of 

previously reported Me4C4B8H8 species, with a ferrocenyl group at 

B(4).78 

A new rationalisation of the unusual structure of CpCoFeMe4C4B8H8 

has been presented, which removes previous inconsistencies. TWO 

models cannot be distinguished - one involving true covalent bonding 

interactions involving B(8) and B(2')/B(6'), the other an apparent 

or nseudo-double face canpinq caused by geometric or steric 

constraints- 
79 

It has been found that cage exchange reactions can occur quite 

easily in formally six-coordinate rhodium(II1) carbaborane complexes, 

containing C2Bg cage systems. 
80 
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A complete assignment has been proposed for the 
11 

B n.m.r. 

(111.8YHz) snectrum of 3,3-[:(C2H5)3P12-3-H-3,1; 2-RhC2B9H1i. This 

was obtained using data on specifically deuteriated derivatives of 

this, and comparison with 3,3-(Ph3P)2-3-H-9,12-Br2-3,1,2-RhC2BgHg 

and 6-Ph-3,3-(Ph3P)2-3-H-3,1,2-RhC2BgH10_ The parent compound 

gives five 
11 

B resonances in tetrahvdrofuran solution, with 

relative intensities 1:1:2:2:3 (reading upfield). These were 

assigned to B(lO), B(8), B(9,12), B(4,7), B(6,5,11) respectively. 
81 

Treatment of the ion-pair [Ir(COD) (PR3)2][nido-7,8-C2BgH12], 

where R=phenyl or p-tolyl, with H2 yields close-3,3-(PR3)2-3-H-3,1,2- 

IrC2BgHll, and the novel nido-metallocarbaborane 3,9-[G-(H)2- 

trans-(PR3)3 -Irl-3,9-f-(H2)-nido-7,8-C2BgHlo. The former was 

characterised bv n.m.r. and i-r. soectroscopy and elemental analyses. 

The crystal structure of the latter was determined for R=p-tolyl. 

The iridium atom interacts with the B(3)-H(3) and B(9)-H(9) bonds 

to give octahedral coordination about the metal. 82 

~tCl(Ph2PC2B10H10) (Ph2PC2B10H11 )] forms monoclinic crystals, 

space group 12/a. The complex contains a PB metallocycle, 

obtained by insertion of Pt into a B-H bond of a diphenyl (ortho- 

carhaboranyl)phosnhine. The coordination at the platinum is a 

distorted square-plane, with the third and fourth sites occupied by 

a phosphorus atom of a second Ph2PC 
2 10Hll 
B ligand and a chlorine 

atom. The following bond distances were determined: Pt-Cl 2.415(3)2, 

Pt-B 2.073(9)2, Pt-Pcchelate) 2.279(3)2, Pt-P(non-chelate) 2.305(2)a.83 

3.1.5 Compounds containing B-C or B-Si Bonds 

Spectroscopic (lH, "B, 13C 31P n m r.: I ._ mass) data were reported 

for 6 simple phosphanealkyleneboranes, R P+CHR'BH3-, 
34 

where R'=H I 

R=Ye, Et, iPr, nBu or tBu; R'=Me, R=iPr. The zwitterion !-le3P+CH2BH; 

forms orthorhombic crystals, space group Pna21. The P-CH2 bond 

length (175.6pm) is close to the single bond value, compared to that 

in Ye3P=CH 2r 164pm, which has double bond character. 
85 

Electrolysis of an acetonitrile solution of Na[BH3(CN)] at an 

iron electrode gives [Fe{BH3(CN)}2(NCCH3)4], but at a molybdenum 

or vanadium anodes, Na[BH3(CN)] is oxidised to Na[BH3(CN)BH2(CN)] - 

Chemical oxidation, using Hg2C12 or HgC12, also produces the latter 

species. 86 

Infrared and Raman spectra were reported for the anion 

[(F3C)2BF21-, including 'OB/"B isotopic data. The assignment was 

used as the basis for a normal coordinate analysis. 
87 
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Electron diffraction measurements were reported for cis- and trans- 

1,2-dimethylborane,(l3) and (14). There was appreciable Me...Me 

repulsion in the cis compound. 
88 

Me H 
-73' 

H 
N %=- 

H/ .H/ 'Me 

H, .fL_ 
‘B' 

H 

Me/*<H/ 'Me 

(13) (14) - - 

The crystal structure of the etherate of tetrameric sodium hydrido- 

triethylbora.te, Na%Me3H 4.0Et2 has been determined. Alternating Na 

and H atoms form the corners of a very distorted cube, with one of the 

Na atoms coordinated to the diethyl ether molecule,and all the hydridic 

hydrogens bonded to the boron of the BMe3 group,(l5). All of the 

hydrogen atoms are formally four-coordinate. 
89 

Me3B 
\ 
H- Na 

Bt*OLNa/IH-%Me 
/I 

I 

I 

I 

3 
Na- - 'H- 

H/ Nay 

BMe3 

Me3B 
/ 

(15) - 
. . 

The relationship between the I'% chemical shifts of the trigonal 

boranes %R2R' (R,R'=Me or Et;R=Me,R'=CH=CH2,CsCMe,CsCPh),& 11% , and 

the 13C+ chemical shifts of carbenium ions is more complex than at 

first thought. However, comparison of d 
13 

C data of organoboranes and 

carbenium ions can be useful in conformational studies. 
90 

Microwave,infrared,Raman and n-m-r. (lH, 
11% 13c,19 

, F) spectra have 

been reported for (cycle-C3H5) lO%F 2 and (cycle-C3H5)- ll%J? 
2' 

The 

following structural parameters were obtained: r(%-F)1.328+0.004~; 

r(%-C)l.589_ts.O04~; r(C2-C3)1.496-&0.0032; F-%-F 115.9+0.9O; CZ-Cl-B - 

115.0_+0.8°,angle of tilt 2.921.8O. Vibrational assignments were 

proposed. 91 

The crystal structure of ammonium tetraphenylborate has been deter- 

mined at 120K. The ammonium ion is situated at a site of D 
39 

symmetry, 

and oriented as expected by simple contombic calculations. 

The boron compounds (alkyl)2B-B(alkylI2 have been prepared for the 

first time: equation (6). The process involves stepwise replacement of 

methoxy-groups by alkyls, where R=Me, tBuCH2 or SiMe3. 
93,94 
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Me0 OMe OMe 
\ / x 

B-B 2tBuLi 
.-,;( 

tBuLi 
K ./OMe 

B-B 
/ \ 

Me0 OMe A MeO'& 
- x 

2tBuCH2Li . ..(6) 

Chlorovinylborane (prepared in situ-from BC13 and Me2Sn(CH=CH2)2) -- 
reacts under photochemical conditions with Fe(C015 or CpCo(CO)2, 

forms (16) and (17) respectively. - - The chlorine can be readily 

substituted by e.g. OCHZPh, under basic conditions. 
95 

(16) - 

co 

CP 

(17) - 

Attempts to synthesise B(SiMe3)3 from LiSiMe3 and B(OMe13 in 

hexane led to formation of [B(SiMe3)4]-. This is due to the 

formation of the strongly nucleophilic anion SiMe3- by LiSiMe3 in 

hexane. 
96 

3-l-6 Aminoboranes and other Compounds containing B-N Bonds 

Infrared and Raman spectra, together with a normal coordinate 

analysis, were reported for BX2 
14 

NCS, where X=Cl, Br or I, BCl 15NCS, 

BBr215 NCS and BC12NC0. There is B-N bonding in all cases and 

B,N,C and Y (Y=S or 0) are colinear. The B-N stretching force 

constant was approx. 6.5mdyn. g-1 - consistent with some B-N 

r-bonding, giving a bond intermediate between single and double. 

For BC12hC0 there is extensive mixing of modes involving B-N, 

N-C and C-O, but for BX2NCS the vibrational modes are more localised.g7 

N~[BH~(NCS)] h as been prepared_ It was found to be a stronger 

reducing agent than Na[BH3(CNlJ.g8 

Vibrational wavenumbers were calculated for a number of boron- 

containing molecules, from BH and BH 
2- 

+ to (e.g.1 B3N3H6,2,4-C2B5H7, 

B12H12 
etc. Correlations with observed spectra gave a series 

of group corrections. These were used in assigning infrared 

spectra of aminoborane, BH,NH,, and B,N,H*, (181, and in predicting 
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wavenumbers for vinylborane and B2N2H4 (formally the inorganic 

analoque of cyclobutadiene). 
99 

H/ 'H 

(18) - 

N 
\ 
B 

I 

LBHN B/N 

\ 
N/BN/BIB, 

N 

(19) 

N-m-r. and vibrational spectroscopic data for the monomeric 

iminoboranes R2C = N-BRi (R=CF 
3' 

R'=NMe*, Me, iPr, Ph) show that 

the C=N-B skeleton is linear. There was no evidence for particular 

strengthening of the N-B bond in this allene-like arrangement. 
100 

Vibrational snectra were reported for (Me2N)2BX (where X=Cl, Br 

or I). Some general assignments were proposed, which were fairly 

consistent with an approximate normal coordinate analysis. The 

B-X stretching wavenumbers were coupled extensively with other 

skeletal vibrations involving the boron. 101 

Hexakis(dimethylamido)cyclohexaborane crystallises from 

residues obtained on dehalogenation of (Me2N)2BCl. This is the 

first homocyclic boron compound, and also the first B(1) compound 

which does not exhibit electron deficiency_ The B 
.6 

ring is found 

to have a chair conformation, (19L102 

The B-B bonds in (Me2N)2B-B(NMe2)2, (Me*N)ClB-BC1(NMe2) and 

C12B-BC12 are cleaved by the chloramines Me2NC1, MeNCl 2 and EtNC12. 

BC13 or the corresnonding aminoborane and diborylamines are 

produced.lo3 

An X-ray determination of the structure of ammonia-carboxyborane, 

H3N.BH2(C02H), has been carried out. This boron analogue of the 

protonated form of glycine has monoclinic crystals (space group 

P3_/cL containing centrosymmetric dimers- 104 

The boron cations A3BH 
2+ 2- 

X2 (A=py or substituted pyridine; 

X=Br,I,PF6) have been prepared by nucleophilic displacement on 

Ye3N.BHBr2 or dihaloboron adducts of pyridine or substituted 

nyridines- The B-H bond in these cations is less susceptible to 

halogenation than that in singly-charged boron cations. lo5 It 

was suggested that intermediates were formed which were bis(amine)- 

adducts of BHBr 
+ 

or BBr 
+ 

2 
- and these were indeed isolated. 
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Their reactivities were examined, and the reaction scheme of the 

type shown in equations (8) to (10) was proposed. 
106 

.Me3N_BHBr2 + R-pyAMe3N + R-py.BHBr2 .- - (8) 

R-py.BHBr2 + R-pyd(R-py)2BHBr 
+ 

+ Br- . ..(9) 

(R-py)2BEBr+ + Br-+ R-py (R-py),HH*+ + 2Br- . ..(lO) 

2-X-Pyridines form adducts with BH3 or BBr3 (X=Br,Cl,F or CN), 

except for BRr /2-cyanopyridine, 
3 (20, X=H or Br; Y=Br,Cl,F or CN). 

Spectral uarameters (infrared, 'H and 'IB n.m.r.) were reported-lo7 

Y 

(20) - 

Dimethylsulphideborane reacts with various Lewis acids 

(quinoline, isoquinoline, 2-, 3- or 4-aminopyridine or aniline) to 

form borane adducts. These were characterised by i-r., 
1 
H and 

'IB n-m-r. spectra. Detailed studies on the aminopyridine 

boranes showed that the BH3 group was coordinated to the ring 

nitrogen. 108 

Me2B-N(Me)Li can be used to synthesise a large number. of boryl- 

amino-element compounds, e-q. Me B-NMe-BMe-NMe2, 

Ye2B-NMe-SiMe2-NMe-SiMe2Br, etc. 
z 09 

Me2Si NMe-BMe2 2, 

HgrNMe-BMe212 and MeHg-NMe-BYe2 are both volatile compounds, 

prepared from Me2B-NiMe)Li and HgC12 or MeHgCl. They do not 

decompose on heating below 80°C, although very sensitive to air 

and moisture. There is no evidence for association via Hg-N or 

B-N interaction in dither the gaseous phase or in solution. 110 

N-m-r. and photoelectron studies were reported on the new 

bis(boryl)hydrazines, 

The l4 

XMeB-NMe-NMe-BMeX (where X=F,Cl,Br,SMe,NMe* 

or Me). N n.m.r. results can only be rationalised in terms 

of planar coordination at the nitrogens, while the He(I) photo- 

electron spectra are consistent with a gauche conformation. 
111 

=>N-C-_N=R' 

:: 
B'R" 
\,i,, 
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The preparation, n.m.r.('H, 1lB , 13CL mass and i.r. spectra were 

reported for the ureidoboranes, (21, R'=R"=R'"=Ph or Me; R'=Ph or - 

iPr, R"=R'"=NMe2; R'=iPr or Me, R"=R'"=Me). 
112 

N-Sulphinylamines react quantitatively with (methylthio)organyl- 

boranes accordinq to equation (ll), i.e. insertion of N=S into the 

R-N=S=O + 3RiBSMe + RN(BR;)SSMe + MeSSMe + (Me2Bj20 . ..(n) 

(R=t-Bu,Ph,2-F-C6Hq,C6F5 etc; R'=Me) 

B-S bond, and complex redox reaction. The products are monomeric. 
113 

Triethvlenediamine (TED) precipitates BF3 from diethyl ether 

solution as TED. 2BF3, and from THF as TED.BF3_ N,N,N',N'- 

Tetramethvlethylenediamine (TMED) and TED precipitate BH3 from 

both diethvl ether and THF as TMED_2BH3 or TED.2BH3. From 

diethyl ether, TMED precipitates AlH3 as TMED.ZAlH3, while in THF 

the TMED reacts with A1H3 to form TMED.A1H3. The last is somewhat 

soluble, so the orecioitation of AlH3 is incomplete in this case. 

TED, however, urecioitates A1H3 quantitatively from both Et20 and 

THF (as TED.A1H3).114 

3.1.7 Comoounds containing B-O Bonds 

Ab initio self consistent field m-o. calculations on H BO - 

suggest the optimised geometry of (22) for the radical. 
11z 

- 

“+ llgpm 
123O ( B-O 

H/ U133pm 

(22) - 
Infrared (gas, solid) and Raman (liquid, solid) spectra were 

reported for divinylboronic anhydride, [(CH~=CH)~BJ 20. 160po 
isotonic shifts were used to assist in arriving at an assignment, 

although the molecule possesses Cl symmetry. The B-O-B unit 

anpears to be linear, which is also in agreement with "B and 13C 

n.m.r. data: thus there annears to be (p-p)n bonding between the 

boron and the oxygen. 
116 

The infrared and Raman spectra of three crystalline forms of 

metaboric acid, HB02 have been obtained. The behaviour the 

antisymmetric v(OH) mode, and the in- and out-of-plane deformations 

(15(0H) and y(OH) respectively) show that hydrogen bonds of 

different strengths are present in these 3 forms - in agreement 

with X-ray diffraction results. The remaining vibrational modes 
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could be related to the analogous modes in borates and polyborates 

of known structure. 
117 

Studies of solubility, viscosity, density and refractive index 

of lithium metaborate agueous solutions, and its interactions 

with formamide and dimethylformamide have been carried out. The 

incongruently soluble compounds 2LiB02.HCONR2.2H20 (R=H or Me) 

were identified. 
118 Solubilities were determined in systems 

HCONR2-KB02 -H 0 (R=H or Me) at 25OC; 2 119 there was no evidence for 

any new phases. 

Boron acids form 1~1 complexes with a variety of bidentate 

RR (OH) 2 + H2L$RS(OH)L + H30+ . . . (12) 

(R=m-N02C6H4-, Ph,OH or Me) 

chelating ligands according to equation (12). Stability constants 

were calculated by DH titration methods, and the reaction kinetics 

were measured at u=O.lM (KN03) and 25OC. The ligand H2L = oxalic 

acid, malonic acid, salicylic acid, tartaric acid, catechol, 

mannitol etc. 120 

17 
0 chemical shifts have been reported for thirty B-O compounds, 

containing three-coordinate boron. They could be interpreted in 

terms of B-O, (p-p)lr interaction. The decrease in H bond order 

was found to be in the sequence: (R2BJ20 > (RBO)3 > R2BOR > RB(OR)2 

' B(OR)3 (where R=Me or Et). 
121 

Li[B(S03C1)4] f orms monoclinic crystals, space group P21/c- 

There is anproximately tetrahedral coordination at the B, with B-O 

distances of l-460(3).-1.478(3)2, and unidentate chlorosulphato 

ligands.122 It has been pointed out that K[B(SOjC1)4] has 

monoclinic (Cc) rather than triclinic (Pl) symmetry reported by 

Yairesse and Drache (Acta Crystallogr., B34 (197811771). 
123 

The crystal and molecular structures of [(n'-C,H,) (CO)Fe(CH3CO)- 

(i-C3H7CO)]BF2 - a metalla-$-diketonate complex of boron - have 

been determined. The crystals are monoclinic, belonging to the 

space qroup P21/c. The RF2 unit is attached to the ferra-8- 

diketonate through the two oxygen atoms of the metallachelate ring. 

This ring is in a boat conformation, and is the second example of 

a non-planar metalla-B-diketonat& ring structure, giving relief of 

internal angle strain within the ring due to the bonding preferences 

of the iron and boron. 
124 
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If a metalla-S-diketone, e.g. [Q-(OC),Re(CH3CO) (RCO)JH, 

where R=Ye,iPr or CH2Ph, or [Cp(OC)Fe(CH3&) (RCO)JH, where R=Me or 

iPr, reacts with BX2Y (X=halogen, Y=halogen or phenyl) to give the 

(metalla-B_diketonato)B(X)(Y),(23); 12 of these were reported. 

In addition, rcis-(OC)4Mn(CH3CO)]L. 1 reacts with gaseous BF3 to 

give (mangana-acetylacetonato)-BF2.125 

Me 

(23) - 

Me 

c-o 

/ 
Me 

(24) - 

BX3 
reacts (in CH2C12 at -SO0 to O°C) with the triacetyltricar- 

bonylrhenate dianion according to equation (13). These have 

Li2[fac-(OC)3Re(CH3C0)3) + BX3A2Li.X + (24) . . . (13) 

(X=F,Cl,Br,I). 

unusual electronic structures for neutral four-coordinate boron 

complexes- The boron atom is formally bonded to two anionic 

oxygen donors and an anionic halide atom, with'the fourth 

coordination site occupied by a neutral oxygen atom acting as an 

adduct molecule. However, electron delocalisation renders all 

three oxygen atoms equivalent, while maintaining formal neutrality 

of the boron atom. 
126 

The crystal structure of (24, X=Cl) has been determined: the 

crystals are monoclinic, space group P2l/m. The results confirm 

that the triacetylrhenate ligand does act as a trioxygen, vicinal, 

bifurcatedchelating ligand towards boron. 127 

The potential surface has been calculated for the B203 molecule 

using a restricted Hartree-Fock approximation with a minimal STO-3G 

basis set. The equilibrium geometry was calculated to be C2v - 

with bond lengths in reasonable agreement with those found from 

electron diffraction: (2+,1;;01-Bl) 1.241a; r(O-Bl) 1.341% 

Bl-O-B2 142O, Ol-Bl-0 177 . 
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(25) - (26) - 

Raman data have been obtained for vitreous and molten B203 in 

the temnerature range -196O to 1594OC. The vitreous material is 

largely composed of boroxol rings, but in the melt the boroxol 

ring concentration decreases with increasing temperature, and is 

small, near 1600°C. 
129 

It had been nronosed that the hypothetical bipyramidal B203, 

(26), could be a major component of B203 vapour. - && initio SCP-MO 

calculations show that it is a highly strained structure - and 

could only be a very minor contributor to real systems. 130 

Phase studies have been reported for the following systems: 
131 

B203-La203-V205 ; B203-Coo-Li20; 132 B203-Cu20-Li20.133 

Sr2B206 crystallises, like Ca3B206, in the space group R& - as 

deduced from X-ray Powder diffraction studies- 134 

Thermochemical measurements have been reported on the COO-B202 

system. The enthalpies of formation (AHfO) of the cobalt borates 

(referred to solid Co0 and liquid B203) were determined-by oxide 

melt solution calorimetry in 2Pb0.B203 melts at 973 + 2K. The 

values were as follows: 'O3B2O6, -81.4 + 1.6kJ mol -1; 

-1 -1 135 
Co2B205, -64.7 

+ 1.3kJ mol -20.7 + 1.5kJ mol . - ; CoB40,z - 

1-r. and Raman spectra were listed for solid H3B03, Na[B(OH)4], 

Na2[B405 (OH)4].8H20, Na[B506(OH)4].3H20, KEB506(OH)4].2H20, 

(NH4)2[B405(OH)412H20, 8-NH4[B506(OH)4~.2H20, NH4[B 0 (OH)4~.0.67H20, 

and NH4[B506(OH)41. - 51pB0 Data were also obtained for H3 

Na[11B(OH)4], NaL10B(OH)4] , Na,[11B40,(OH)4].8H20, Na2[ 
13' 

H3 
l"B03, 

B405(OH14]. 

8H 0, KCflB5;~y;;;L;1;;O; (~3;4$;0;) :~~~)~r~~~O5(O~~:l;~~f:a were 

4‘ 2 56 4' 2' 
interpreted by comparison with known structures, by comparisons 

within these compounds, and from observed isotopic shifts. 
136 

Both H20 molecules and OH groups were found by 
1 
H n.m.r. in 

crystalline hydrated tetraborates. The 11 B n.m.r. spectrum of 

Na2B407. 10H20 contained an unsymmetripal broad line due to two 

boron atoms in trigonal coordination, and a symmetrical narrow 

line due to two boron atoms in tetragonal coordination (by water 
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molecules). 
137 

EuB407 is orthorhombic, with crystals belonging to the space 

group Pnm21. The structural framework is built up from a three- 

dimensional, (B407), array of BO4 tetrahedra. The Eu2+ is nine- 

coordinated, by oxygen atoms. 
138 

Solubility, density, viscosity and refractive index measurements 

have been made on the liquid phases of the (NH412B407-(H2Nj2C=X - 

H20 (where X=O,S) systems. 139 Phase equilibria were also studied 

in (NH ) B 0 -HCONR -H 0 systems, for R=H or Me, at 25OC and 50°C. 
140 

4247 2 2 
Phase studies revealed simple eutonic behaviour for all of the 

following systems: LiB508-LiX-H 0 (X=Cl,Br or I); 141 (X=N02-, N03-)+42 

MB508-M2S04-H20 (M=Li,Na or K); 
133 

MB508-hexamethylenetetramine- 

H20 (M=Li,Na or K). 144 

The crystal structure of the europium (II) bromoborate, 

Eu2B50gBr has been determined. It is isostructural with the 

Ca(II)analogue, and belongs to the snace group Pnn2 (orthorhombic). 

The structure consists of a three-dimensional (B50g)_ network, 

built up from B5012 units (3B04+2B03) sharing corner oxygens. The 

Eu and Br atoms are in tunnels of the (B50g)a, framework, extending 

along the c-axis. 145 

YCo(B02)5 has been isolated from the Y203-COO-Bi03 system. 

Its crystal structure reveals the presence of B5010 
s- 

anions, 

consisting of 3B04 and two B03 units. The Y and Co cations were 

situated between layers of the anions. 
146 

An improved synthetic route has been reported for boracites, 

complex caqe compounds of formula M3B7013X. The reaction is 

7LiB02 + 3MX2 + H20 + M3B7013 X + 5LiX + 2LiOH . . . (14) 

shown in equation (14), where M is a divalent metal and X a univalent 

anion. About 15% excess of H20 was beneficial, and the reactions 

were complete in 50-60h., at 20-30 atm. pressure and 250-300°C. 

Yields were good, thus for M=Ni, X=1; M=Zn, X=Br and M=Mg, X=Cl 

yields in excess of 95% were achieved. 147 

3.1.8 Boron Halides 

The BFZ radical can be generated by the reaction of SF6(g) or 

BF3(g) with solid boron in an effusion cell at 1600-1800K. 

Thermochemical studies gave the standard enthalpy of formation, 

*H:,298 
(BF2) = -502 + 8 kJ mol-' (about 85 kJ mol 

-1 
less stable 

than Previously accepted values). The FB-F bond is weaker than 
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either the H-F or the F2B-F bond. 
148 

The difluoroboron cations DD'BF2+, where D=H or F, D'=MeO or 

N02i D=MeO, D'=NO2, were detected, by lgF n-m-r. measurements, in 

benzoate ester/BF3/BCl3 systems.14' 

The reaction (15) occurs spontaneously in the system hexamethyl- 

2HMPA.BF3eBFZ(HMPA); + BF4- . . . (15) 

nhosphoramide-BF3 (HMPA=hexamethylphosphoramide). The degree of 

ionisation for the reaction was 0.13 in CDC13 solution at 27OC. 

The crystal structure of BF3 has been determined. It is 

surprising that this simple compound has a structure which is 

fundamentally different from the other boron trihalides. The 

crystals are monoclinic, space group P2 /c. 
1 

The boron has 

effectivelv trigonal bioyramidal coordination with three fluorines 

at 1.26-1.318, and two at 2.68 and 2.712. This linking to 

adjacent molecules gave a three-dimensional array_ 151 

BF3, but not B2H6, reacts with acyclic or cyclic polyethers to 

form Lewis acid-base adducts. The stoichiometries of these 

adducts are very variable, and appear to be sterically controlled, 

e-q. BF3:L=3.9 for L=18-crown-6; 1.7 for L=dicyclohexano-18-crown- 
6 152 

Adiabatic electron affinities were measured for several boron 

trihalides, from a determination of threshold kinetic energies for. 

Cs + BX3 -+ Cs+ + BX3- -._ (16) 

(16). A crossed molecular beam apparatus was used. For BF3, 

BC13, BC12Br, BC1Br2 and BBr3 respectively the electron affinities 

are 0-O; 0.33; O-69: O-92: 0.82 eV (all 2 0.02 eV). These 

values were used, via-an ionic energy cycle, to give B-N bond 

energies for BX3.NMe3 adducts; these were in reasonable agreement 

with values deduced from n-m-r. measurements. 153 

The formation and characterisation of (n5-C5H,)Fe(CO)2- [c(=o) CH~]. 

Mx3 
(where M=B, X=F,Cl,Br; Y=Al, X=Br or CH3) were used to obtain 

a comparison of basicities and reactivities of the carbonyl 

function in ketones, a metal acetyl, and polynuclear metal 

carbonyls. Towards BF 
53r 

the following order of basicity was 

deduced: (CH3)2C=O>(n 

(JPco)2.154 

-C5H5)Fe(CO)2[C(=0)CH3]>(n5-C5H5)2Fe2(C0)2 
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Ab initio calculations (using two-exponent Roos-Siegbahn and - 

Huzinaga-Dunning basis sets) were used to give potential surfaces, 

equilibrium geometry and stability values for LiBF4. 155 

The thermodynamic parameters of the thermal decomposition of 

LiBF4 on sublimation, (171, have been determined: 

LiBF4(solid) + Lil?(solid) + BF3(gas) . . . (17) 

AH;98 
= 20.7 ) 0.6 kcal. mol -1 , AS;98 = 47.9 2 1.1 e-u. 

The enthalpy and entropy of solid LiBF4 were also calculated: 

AH;98 = 1439.4 + 0.7 kcal. mol 
-1 

; 
SY98 

= 21.3 f 1.1 e.u.ls6 

BH2C1.SMe2 is formed in almost quantitative yield by refluxing 

an equimolar mixture of BH3.SMe2 and CC14. It can be used to 

nroduce dialkylchloroboranes by the hydroboration of alkenes. 157 

High-resolution (ca. 0.035 cm -1 ) infrared spectra of BC13 or 

BC12F have been obtained in solid argon or krypton. The narrowness 

of the lines enabled features due to different isotopic species to 

be resolved. For BC13v2,v3,v1 + v4, vl+v3 and 2~3 bands were seen. 158 

The infrared snectra of Ar/BX3 (where X=Cl or Br) mixtures 

deposited on a CsI window at 10K and undergoing simultaneous proton 

radiolysis showed boron isotonic absorptions due to v4 and v5 of 

HEX2 i-e. the vasBX2 and inplane deformation respectively. 

Irradiation of BX, with a windowless Ar resonance lamp gave bands 
3 

assigned to v3 of BX3 
+ 
. Radiolysis and vacuum 

gave bands due to v, of BX,. The "B/llB data 

angle of 125 f So fgr thesz species."' 

The vibrational snectra of AsR3. l"BX3 (R=cH~ 

Br) and AsR3."BX3 (R=CH3 or CD3; X=Cl, Br or I; 

abundance) have'been reported- The vBAs modes 

U.V. photolysis both 

suggested a bond 

or CD 
3; 

X=Cl or 

n=lO/ll, natural 

were in the range 
-1 

640-740 cm _ For X=I,Br and Cl, the k(B-As) force constants are 

2.84 2.26 and 1.70 mdyn. 8-l respectively. The order of B-As bond 

strengths was the same as that determined previously by calorimetry. 160 

At about 430°C, [Et3NH]+~10Brlo]- forms the new compound 

YeBgBr8 (apparently via a radical mechanism). Varying the 

conditions produced the previously unknown boron subhalides: 

EtBgBr8, .Me2BgBr7, Me(Et)BgBr7, and smaller amounts of BgBrg. The 

boron chemical shifts of BgBrg(-60.4 p-p-m.) and MeBgBr8 (-62.2 p-p-m.) 

show that the boron atoms are very deshielded compared to similar 

nine-atom frameworks containing (2n+2) framework electrons. 161 
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3.1.9 Boron-containing Heterocycles 

Pure pentanhenylborole, (27; PPB), can be synthesised from l,l- - 

dibutyl-2,3,4,5_tetraphenylstannole and PhBC12 in toluene (yield 

95%). Reduction of this with metallic potassium in THF gives 

I 
Ph 

(271 -. 

co 
Ph Ph 

Ph 
z!S 

Ph 

B 

I 
Ph 

(28) - 

hrownish-red K2[PPR], containing the 6-r-electron an;:; PPB 
2- 

- 

In addition, PPB reacts with COCOS to form (28). 

l-Tert-butyl-3-methy1-2-phenyl-h3-1,2-azaboroline, (29) is 

orenared by the route shown in (18). The product is a colourless 

Me 
'C=CH-CH2Cl + H2NCMe3 

H20 Ye, 
L 

SMe3 

Cl' KOH Cl' 
C=C-CH2-N 

I H 

Ye, 
C=CH-CH2-N 

,CMe3 

Cl' 'B-Ph 

Cl 

1 
+K 

(29) - 

. . . (18) 

liquid, b-p. 52-53OC (1 torr.). It is soluble in inert solvents, 
H 

HC-CH2 

// \ 

ye-c\B/N-CMe3 

;h 

but moisture sensitive. With Fe(C0j5 it forms (30), in which the 
-i63 

n '-bonding mode is confirmed by X-ray diffraction. 
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/ \ 
c1-? vcl 

N- N 

Me' 
\ 
Me 

(32) - 

The bifunctional molecules (Me3Si)2X, where X=S, NMe or NMe-NMe, 

react with the diboryl compounds C12B-CR=CR-BC12 (R=H or Me) or 

C12BCH2CH2BC12 to give the new ring compounds (31; X=S, NMe or 

NMeNMe) and (32).164 - 

Compound (33) is obtained in 67% yield by the ligand transfer - 

reaction of Co (C5H5BMe)2 with Mn2(CO)10. Treatment with CH3COCl/ 

A1C13 forms both (2-acetyl-1-methylborinato)tricarbonylmanqanese 

and the tricarbonyl(toluene)manganese cation. 165 

is 

(33) 

Ph-B 

(34) - 

Cyclopentadienyl(l,4-dimethyl-i,4-dibora-2,5-cyclohexadiene)cobalt 

prepared by equation (19). A crystal structure determination of_ 

the product showed that all six atoms of the cyclohexadiene ring are 

/---\ CpCo(C0) 
YeO-B B-OMe ,2 

W 20°C>_ 
co . . . (19) 

\ 80°C 

& 

MeMgI 

MeO-B B-OMe 
43 

Ye-Bw B-Me 

within bonding distance of the cobalt, but that the boron atoms 

bend away from the metal atom. 
166 

Nine new complexes of the type _ML2, where M=Ni, Pd or Pt; 

L=X(CH=CH)2B-Ph, X=Me2C, Me2Si or (CH2)2, have been prepared. 

X-ray structure analysis of the compound with M=Ni, X=Me2Si shows 

that it is a sandwich-type bis(T5-divinylborane)metal complex, 
.* 

with C2 symmetry, (34). - All of the complexes are much more stable 

thermally than the corresponding 1,5-cycloktadienyl metal 

complexes. 
167 
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Free energies of rotation about the B-C(mesitylene) bond have 

been determined by 
1 
H n.m.r. for several 9-mesityl-9,10-dihydro-9- 

boranthracenes, (35, R=Me,CH20H, COOEt, SiMe3, Ph or CH2CMe3). 

Both in solution and in the solid state they adopt a ground-state 

configuration in which the mesitylene and bora-anthracene rings 

are approximately DerDendiCUlar. 
168 

(35) - 

1 

R2 R2 

(36) - 

DME 
\L 

MeJp&Me 
Me B Me 

DZE 

(37) - 

1,4-Dimethyl-2,3,5,6-tetra-~-butyl-l,4-diboracyclohexa-2,5-diene, 

(z,Rl=Me, R2=~Bu), can be obtained by the addition of methylborylene, 

YeB : to S-decyne. The methylborylene is generated in situ by the -- 

system C8K/MeBBr2. 
169 

The photoelectron spectra and one-electron reduction behaviour 

of 1,4-difluoro-2,3,5,6-tetramethyl-l,4-diboracyclohexa-2,5-diene, 

(36, Rl=F, R2=Me), and its isoelectronic analogue duroquinone, have 

been compared. The latter gives a very stable anion radical 

(durosemiguinone), but the former only a short-lived intermediate. 

Potassium metal, however, produces a secondary anion radical, which 

can be stabilised by dicyclohexyl-18-crown-6(which complexes the K 
+ 

produced). This species is believed to be the radical anion of 

2,3,5,6-tetramethyl-1,4-diborine, (37)where DME=dimethoxyethane), - 

a hitherto unknown benzenoid heterocycle. 
170,171 

Me 

Et Et 
\ 
C=C( 

/ 
-B B- 

\ / 
N-N 

R' 
\ 
R' 

Me 
Me 

(CO13 

(38) 
(39) 

- 

3,4-Diethyl-2,5-dimethyl-1,2,5-thiadiborolene reacts with 

hydrazines to give (38, R=R'=H or'Me; R=H, R'=Me). X-ray 

diffraction shows that the ring is planar. These diazadiborins 

react with (MeCN)3Cr(C0)3 to form (z).172 



Hydrostannation of (dialkylamino)dialkynylboranes 

dimethylstannane gives reaction (20) (R=Me, R'=Me Or 

R'=Et). 

129 

by means of 

Et; R=H, 

R2N-B; + Me2SnH2+R2N - B SnMe2 . . . (20) 
C 
8 
C, UR# 

R' 

The products are l,l-dimethyl-l-stanna-4-bora-2,5-cyclohexadienes, 

and they react with alcohols to give the analogous alkoxy-deriva- 

tives.173 

sLz0 
I 

I 

cf--J2 I3 \l 

(40) - 

The crystal structure of bis(4-dibenzoborepinyl)ether, (401, 

has been determined. The crystals are orthorhombic, space group 

Pca21, and the B-O distances are 1.340 and 1.3472, corresponding 

to partial double bond character. 
174 

1,2,4-Triaza-3-sila-5-borolidines can be prepared from E,1J'- 

dilithio-N,N'-dimethylhydrazine and Br(Me)B-NMe-SiMe2Br or by trans- 

R 
\N-dR 

R, R 

/ 1. 
/N-N< 

R - B,N/S~R2 + EC13dR - B,,,E - Cl + R2SiC12 . . . (21) 

R R 

silylation of the permethyl derivative of this ring system. The 

silicon atom can be replaced by E(P or As) by reaction (21) - 
175 

Four tris(amino)boranes, (411, with ethylene and/or trimethylene 

bridges, have been prepared. Predictions that the smallest member 

of the series, lo-bora-1,4,7-triazatricyclo- 5.2.1.0 [ 4'10]decane, 

would be very strained were supported by the observation that this 

compound only exists as a tight dimer. ll-Bora-1,4,7-triazatricyclo 

c 5.3.1.04'117 undecane exists as a dimer in solution, but as a monomer 
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in the gas phase, X-ray studies of 13-bora-1,5,9_triazafricyclo 

L 7. 3_1.05'13]-t 'd rl 
176 

ecane show that it has a stable, planar BN3 

skeleton. 

LiCH=CHCH2NCMe3Li and MeBBr 2 react to form A 3-l-tert-butyl-2- 

methyl-1,2-azaboroline. This is isoelectronic with C5H5-, and a 

forms a complex with Fe(C015, (42). This has bridging carbonyl 

groups and exists as cis and trans forms. 177 

Et Et 
\/ c=c 
/ \ 

Me - B B - Me 

'NY 

C!Ie Fe 

(CW3 

(43) (44) (45) - - 

Ni 

--P / I" 

/ 

.'"- 

(h6) - 
(431, ~3,4-Diethyl-1,2,5-trimethyl-l,2,5-a~adiborolene) is 

obtained by the reaction of the C2B2S analogue with heptamethyldi- 

stannazane. The new compound acts as a four-electron ligand in 

forming the complexes (44)-(46)_ -- Unlike the C2B2S ring system 

this does not favour the formation of "triple-decked" sandwich 

complexes. 
178 

A cyclic derivative of carbohydrazide, containing boron, has been 

reported for the first time, equation (21). The vBH band is very 
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/ 
NHNH2 

oc + BEI3 n > OCjNHNH\ H 
a 

+ 2H 
\ 

2 
. . . (22) 

\ NHNH2 NHNH 

broad, centred at 2395cm 
-1 

, as is vNH (definite maximum at 3190cm 
-1 

1. 

Support for the proposed structure came from the preparation of the 

B-phenyl derivative, (c), characterised by mass spectrometry and 

n.m.r.17' 

NHNH 
/ \ 

o=c B-Ph 
\ 

NHNH 
/ 

e>B-(2 

(47) Me 

(48) - 

Thermolysis of a mixture of 1,3-dimethyl-1,3,2-diazaboracyclo- 

hexane with nyrazole produces 1,3-dimethyl-2-(pyrazol-l'-yl)-1,3,2- 

diazaboracyclohexane, (48). - Spectroscopic data confirm that it is 

a monomer, and therefore the first known example of a pyrazolyl-l- 

horane containing a trigonal boron atom. 
180 

Me 

c- i 
0 -B 

X 
/ 

Derivatives of l-aza-2-bora-3-oxacyclopentane are easily 

prepared hy cleavage of N-Si and 0-Si bonds in disilylated ethanol- 

amines by halogenoboranes. The B-hydro- and B-halogen0 compounds 

are associated in the solid state, and partially so in the liquid 

and gas phases also, e.g. (2, X=H,F,Cl or Br). 
181 

Permethylated silaborazines are prepared from BrMeB-NMe-SiMe2 or 

BrMeB-N(SiMe3)-SiMe2Br, as in (23). This type of ring can, in 

turn, he used to generate phosphaborazines, since phosphorus halides 

replace the SiMe2 selectively, as in (24). The P-X bond is more 
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Pie 
I 

rle Me Me 

k-N 
/ 

Me-N 
/ 

B-Br Me3Si-t!J 
\ / \ 

\Si-Br + 

B-Me--;cMe-N 
/ 

B-Me . ..(23) 
/ \ 

Me3Si-N Si-N 

Me2 Le 
Me2 

M\e 

reactive than the P-N or B-N bonds of the ring, and this allows 

selective nucleophilic substitution reactions to occur at the 

Me Me 
< / 
B-N 

/ \ 
Me-N 

\ / 
SiVe2 

B-N 

M,/ M\e 

phosphorus. N.m.r. 

rings are non-planar. 

Me 

)-N/:e 

+ PC13--+ MeN P-Cl 
\ / 
B-N 

/ \ 
Me Me 

data of the new compounds 
182 

+ Me2SiX2 . ..(24) 

suggest that the 

Bis(biureto)boric acid, (501, is prepared by the thermolysis of 

a mixture of biuret and boric acid. There is no change in the 

v(C=O) of biuret on complexation, but v(NH2) of the free 

ligand disappears. -1 vBN is seen at 13gOcm . All of these 

ohservations.are consistent with the structure as shown. 183 

Th 
Hf 

The eight-membered ring compound (511, i.e. 1,1,5,5_tetramethyl- - 
3,7-diphenyl-1X6, 5X6, 2,4,6,8,3,7-dithiatetra-azadiborocin, was 

prepared by the reaction of dichlorophenylborane with S,S-dimethyl- -- 

N,N-bis(trimethylsilyl)sulphodi-imide. -- The crystal structure was 

determined - the compound forms orthorhombic crystals (space group 

Pbca). The eight-membered ring departs significantly from 

planarity. 
184 

l,S-Dichloro-3,7-bis(trifluoromethyl)-4,8-bis(2',6'-dimethyl- 

phenyl)-2,6,9-trioxa-4,8-diaza-1,5-diborabicyclo~L3.3.l]nonadiene 

(521, forms monoclinic crystals, space group P21/e. The molecule 
2- is structurally analogous to B407 . The eight-membered ring was 
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folded by 104O about the B-B vector. The boron was bonded more 

strongly to the bridge oxygen (139pm) than to the other atoms i-e. 

B-O(C) (155pm), B-N(l6Opm1, B-Cl(182pm).185 

O=C-Me 

0-N=C-Me 

(53) - 

2-Alkoxy-1,3,2-benzodioxaboroles react with various monofunctional 

bidentate oximes, e.g. furfuraldoxime, pyridine-2-aldoxime, 

diacetylmonoxime, salicylaldoxime and a-benzoinoxime to give new 

complexes, in all of which the boron is four-coordinate, e.g. 

Infrared, u-v., , 'H 13C and "B n m r 

(5&86 

. . . spectra have been reported 

for disubstituted diphenylboron chelates derived from salicylalde- 

hyde azomethines, (54, where R=H, Me, Et, OH, NH2, NHPh, 

etc. 1. 18’ 

NMe2, Ph 

H 

(54) (55) (56) - - - 

Diphenylboronic acid anhydride or boron trihalides (F or Cl) 

react with bidentate chelate reagents, e.g. 

R1 

(55, where R=Ph, 

= OH, R* = H; R=F, R1=H, R*=CH 3 etc.). Tridentate chelates 

react similarly (at high temperatures) to form (56, where R=Ph, 

R'=Me or OMe; R=F, R’=Me). All were characterised by elemental 

analysis, infrared, , 'H llB and "F n m r 
188 

. . . spectra. Mass 

spectral fragmentation patterns of these chelates were also 

reported. 
189 

The bis(diphenylboron) chelates (57, R=H,Ph; R2=(CH2j4, (CH2J5) 

are prepared from diphenylboronic anhydride and the boron free 

nickel complex. 
190 
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Ph2 
B 

R 
/1 

O C. 
'C = N', 

I Nl 
,N = C 

AR 

I 
C=N/ -‘N=C 

R' \ 
0' 

'R 

"\ 
R/ 

Ph2 

R2 
/ 

R2 
\ 

O\/O\/O 

7 B 

O\ /O 

(581 - 

Trimethoxyboroxine or dimethylammonium pentaborate dihydrate 

react with nickel glyoximates to form monoboroxino-chelates: (58, 

where (R1)2=(CH ) 
J15' 

R* = Me; R1 = Me or Ph, R2=H). The B:Ni 

ratio was 3:l. 

N,N '-N'-Triorganyl-N-trimethylsilylthioureas react with XBR2 

(X=halide) to form N,N'N' -organyl-thioureidoboranes, (59, R1=Ph, 

R2=R3=Et,nJ3u,Me or Ph) and isothioureidoboranes, (60, R1=Me, R2=R3= 

Et: Rl=Et, R2=R3=Et or Ph; Rl=R*=Ph, R3=NMe 2, etc.). 
192 

R2, ,R3 

SHB\N-R1 

\/ 
1 
NEt2 

(60) - 

A series of boron-substituted 1,3,2-dithiaborols, (=a, where 

X=Me,Ph,C1,Br,0Me,0CMe3,sMe,SCMe3, NMe2, NEt2, N/SiMe3),), has been 

prepared by various routes. N-m-r. results suggest that this type 

of compound can be regarded as a 6a-electron system. Nevertheless, 

mass soectral behaviour shows considerable similarity to that of the 

saturated analogues (Qb).1g3 

A I \ 
Y/ 

!i 
(61a) - (gb) 
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Crystal structures have been determined for (62) and (63): 

both contain planar ring structures, and can therefore be described 

Me- 
B/S-S\B_Me Me\N_N/Me 
-LJ- \ 

B 

Ae MeNB\S/ 
\ 
Me 

(62) - 

(63) - 

Me ‘;‘e 71 Me 
\ / 
N-N-B-N 

Cl-B 
II 

\ 
B-C1 

'\ 
N- B-7-N / 

Me/ C; Me he 

(64) - 

as five-membered 6fi-electron systems. 3,5-Dichloro-1,2,4-trimethyl- 

1,2,4,3,5-triazaborolidine, however, is a tricyclic dimer in the 

solid state, (~).lg4 

A new horon/sulphur/silicon heterocycle has been obtained by 

reaction (25). The product reacts with excess C1B(NMe2)-a(NMe2)C1 

rye2 Me2 Cl 
. 
Si-Si/ 

\ / 
NMe2 Me2N, 

B-B -SiMe2C12 B-B 
/ 

NMe2 

. ..(25) 

s' 
\ \ \ 

\/ 
+ Me2N/ Cl 

> 
S' 
lSiY 

Me2 Me2 

to form (65). An S2Si4 ring system, 

(661.195 

on reaction with PhBC12 gives 

(6.5) - 

Me2Si 

/ -YMe2 

s\B/s 

:h 

(66) - 

Reaction of [CpFe(C8Hl, )12Zn with 1,2,5-thiadiborolene gives (67). 

This in turn reacts with Excess potassium metal to form (681, and 

this new anion reacts with MC12 (M=Fe or Co) yielding four-decker 

sandwich complexes. 
19.6 
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(67) - 

Fe 

(68) - 

-2% 

(69 1 - 

(BS2) a is formed by fusion of a mixture of B2S3 and S8 in vacua 

at 100-300°C_ X-ray analysis shows that it is a planar porphin- 

analoque, (70)_lg7 - 

s/s\ /“\ / sls 
\ 
B- s f B' 

S' 
\ 
S 

k- 
I 7 

/ 

V-B \ 

S\s/B\S/B\S/S 

(70) - 

3.1.10 Boron Carbides and Nitrides: Metal Borides 

A detailed study of the crystal structure of B13C2 (which had 

revealed the presence of linear C-B-C units and distorted B12 

icosahedra) has been followed by a determination of static 

deformation density maps for regions of interest in both units. 
198 
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(B12)4C2Til.86 an;9;B12)4C2V1.29 
both form tetragonal crystals; 

soace group P42/nnm. _ 

Boron nitride films have been ohtained by pyrolysis of a variety 

of boron/nitrogen compounds (e.g. i-Pr2NBBr2, (C1BNHj3 and Mo3NBF3). 

Infrared results show that hoth hexaqonal and cubic forms of BN 

are present, and that a lower pyrolysis temperature produces more 

of the cubic modification. 
200 

Infrared spectra (200-1500cm -1 

and "B12As2", and their 
10 

) have been reported for "B12P2' 

B-enriched analoyues. The structures 

are in fact disordered, and about 10% the P or As atoms replaced 

by boron, compared to the ideal stoichiometry. A normal coordinate 

analysis was carried out, using the idealised atomic arrangement 

and a simnle valence force field. The results were in reasonable 

agreement with experiment, including 10B,ll B and P/As shif.ts. 201 

Electron snectra (i.e. ESCA; X-ray-excited Auger, or XAES; and 

electron-excited Auger, or EAES) have been reported_ for the iron 

horides FeB and Fe2B. The surface comnositions were the same as 

those for the bulk specimens. There are no significant binding 

energy shifts of the Fe or B ESCA core levels, compared to the free 

elements. There had therefore been no major charge transfers 

between Fe and B. This was confirmed hy XAES and EAES. There 

was evidence for B-B bonding (covalent) in FeB, but the boron 

atoms appeared to be isolated in Fe2B. 202 

It has been possible to rationalise the observed heats of 

formation of yB2 (M=Sm,Gd,Lu,U or Al) in terms of the energy 

contributions from electron populations in various levels. 
203 

A self-consistent band structure has been calculated for ZrB2, 

using the Korringa-Kohn-Rostoker method. Extensive charge 

transfer was not needed to explain the observed properties of the 

compound, and considerable similarities were found with intercalated 

graphite. 
204 

The ternary metal borides MRu3B2, where .M=Ce,Pr,Nd,Sm,Gd,Tb,Dy, 

Ho,Er,Tm,Yb,Lu,Y,Th or U, crystallise with the CeCo3B2 type of 

structure. Above 300K typical N3+ paramagnetic Curie-Weiss 

behaviour was found for most systems. 
205 

A crystal structure determination has been reported for LaB2C2. 

It forms tetragonal crystals, belonging to the space group PJ2c. 

The structure consists of two planar, infinite layers. Within 

the ordered B-C network, each atom is bonded to three other atoms 

giving aromatic-like, fused 4- and R-membered rings. Each 4- 
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membered ring contains two borons and two carbons, in opposite 

nositions. Each 8-membered ring contains (alternately) 4 borons 

and 4-carbons. 
206 

ErB4 has been studied by single-crystal neutron diffraction- 

At room temperature it crystallises with a UB4 type of structure 

(snace qroun P4/mbm). 
207 

SmFeB4 crystallises in the space group Pbam. It is a new 

ternary boride, of the YCrB4 tvne. It is the first time that the 

nositions of the boron atoms have been established crystallographi- 

tally in such a structure. 
208 

The crystal structure of LaIr4B4 has also been determined. It 

is tetraqonal (space group P42/n) and isotypic with NdCo4B4. 

ThIr4B4 and ThOs4B4 are also isotypic with this, but URu4B4' and 

UOsB4 crystallise with LuRu B -type 
44 

structures. 
209 

3.2. ALUMINIUM 

3.2-l Aluminium Hydrides 

Theoretical calculations suqqest that insertion of Al into H20 

to qive HAlOH is exothermic by 38kcal mol 
-1 

or more. Further, 

there exist reaction paths leading to HAlOH which are fully 

attractive, i.e. with no energy barrier. 
210 

The electronic structure of the A1H2A1 bridge of the (Me2A1H)2 

dimer has been calculated using an $ initio SCF procedure. 

Compared to diborane, the ionic, Al H22- Al+ structures are more 

significant, in addition to the usual covalent, three-centre bonds. 211 

Ab initio molecular orbital calculations have been reported for - 

LiAlH4, in which the AlH4- anion is connected to the lithium by 

one, two or three hydrogen atoms. It was suggested that it is a 

structurally non-rigid molecule, with respect to the relative 

motion of the anion and cation. 
212 

27A1 and 
7 
Li n.m.r. studies (in the concentration range 0.0075 

to 3.75 molar) have been carried out on ether solutions of LiAlH4. 

The aluminium signal only gives fine structure due to Al-H coupling 

at concentrations less than 0.15M. The chemical shift 6 27 Al is 

only slightly concentration denendent, however. The results were 

consistent with multiole-ion formation at higher concentrations, 

with ion-pairs at lower concentrations. 
213 

Electron diffraction experiments on gaseous A1(BH4J2Me show that 

it is monomeric, with a planar CA1B2 skeleton. The aluminium is 

five-coordinate, with bidentate BH4 groups. The planes containing 



the A~(u-H)~B units depart from 

by approx. 5O, i.e. the overall 

following structural parameters 

139 

being normal to the CA1B2 plane 

symmetry is C 2, not Czv. The 

were determined: Al-C, 194.1(0.9)pm; 

Al-B, 215.2(1.6)om; Al-Hb, 182.0(0.9)pm; B-H 124pm; 

B-Al-B, 121.5(0.7)"; 

B-Ht, 120pm; 

Hb-Al-Hb, 0 21 70.3 (0.4) . 
Q 

The crystal structure of Al, Zr-~-hydri.do-(triethylalumino)-(_tri- 

(cyclopentadienvl)zirconium(IV)], Cp3Zr-H-klEt3, has been determined. 

The crystals belong to the space group Pcmn, and the Zr-H and Al-H 

distances are 188,177om. respectively. 
215 IJ )J 

'H, 7Li, 13C and 27Al n.m.r. studies of lithium tert-butoxy- 

aluminates in THF solution have been carried out. The 7Li results 

3Li(tBu0)2A1H2+ 2Li(tRu0)3AlH + LiAlH4 . . . (26) - 

were not very informative, but the others showed that Li(fBuO)AlH3 

does not exist in hiqh enough concentration to be detected. The 

equilibrium (26) is set up, for which K =2.2 x 10 
-2 216 

- 
eq 

3.2.2 Compounds containing Al-C or Al-Si Bonds 

Non-empirical quantum mechanical calculations have been carried 

out on A1CH3, AlCH2 and AlCH, thought to represent the simplest 

aluminium-carbon single, double and triple bonds. For AlCH 3 the 

Al-C single bond length is predicted to be 2.013a (cf. 1.962 in 

A1Me3). For AlCH2 and AlCH, however, the ground states do not 

contain Al=C or Al-C bonds, but a simole single bond (A1CH2) or a 

bond with only slight "multiple" character (AlCH)- The A1=CH2 and 

Al-CH states were calculated to be 2lkcal mol 
-1 

, 86kcal mol-' 

above these respective ground states. Dissociation energies were 

calculated as 68(A1CH3), 77(A1CH2) and 88(AlCH)kcal mol 
-1 217 

_ 

The crystal structure of LNMe4][A1Me31] has been determined. 

The crystals belong to the space group Iba2, with bond distances: 

Al-C(l), 1.96(4)8; Al-C(2), Al-C(3), 2.04(3)2; Al-1 2.66(1)x. 

The last is very close to the value found in A1Me212-, and both are 

longer than in neutral Me3N.A1Me21:2.58r(.218 

Triethylaluminium reacts with potassium in hexane at 20°C to give 

the radical species Et3A1K. At higher temperatures this forms an 

aluminate complex K(A1Et41, via a radical dimer, [E~~A~KI;.~~' 

Trialkylaluminium compounds undergo photoreaction with dephenyl- 

acetylene, according to equation (27), where R=Et, iPr or iBu. 
220 
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Ph-CEC-Ph 

+ 

2/n(R3Ai)n 

Ph-C-AlR2 

tl Ph- -AlR2 1 - 
\ 

Ph \=,AlR 
2 

; 

R2A1 
A\ 

Ph 

I ‘“1y Ph 

Ph Al Ph 

r: 
___ (27) 

Tricyclopropylaluminium dimer forms monoclinic crystals, space 

group P2l/c_ The Al-C,= and Al-Cb, distances are as expected 

(1.9442, 2.0742 respectively)_ The terminal and bridging cyclopropyl 

groups all have rather long C,-C 221 
8' 

and short CB-CB distances. 

(71) - 

The compounds Me2(MeC!C)2A1M (where M=Li or Na) and Me2(Me3CC=C)2A1Li 

have been synthesised, which form stable 1:l complexes with 1,4- 

dioxan. The latter are monomeric, with a strong covalent interaction 

between the alkali metal and the alkynyl groups (2, X,Y= same or 

different CECR groups), even in polar solvents. 
222 

(73b) - 

Depending on the stoichiometry and the reaction conditions 

1,2,3,4-tetraphenyl-1,4-dilithiumbutadiene reacts with aluminium 

trichloride to form (72) and (73). 

(7b).223 - 

The latter is mainly present 

in the sniro-form, - 
The new polycyclic aluminium compound (z), where B=THF or Et20; 

R=Me cr Et, has been prepared by a series of reactions starting 

from 1,4_diphenylbutadiyne, dialkylaluminium halides and lithium.224 
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Ph 
\ THF 
C 
\n 1 

Et 
C 
\,/Al<C/Ph 

II II 

Ph'C\Al/C'C 

(74) 

(75) - 

1,4-Diethylaluminyl-1,4-diphenyl-3-cumulene cyclises on u-v. 

irradiation to give the 1,4-dialuminacyclohexane derivative, (z).225 

The complex (76) forms crystals belonging to the space group 

P212121. The results confirmed the structure, which had been 

suggested on the basis of 1 
H n-m-r. results. 

226 
It was possible 

'Et 

(76) - 

to confirm the structure of di-(n5- cyclopentadienyl)-2,2-biscdiethyl- 

alumina)-ethylzirconium cyclopentadienide, (771, 
227 by X-ray diffraction. 

Tris(trimethylsilyl)aluminium, coordinated with Et20 or THF, is 

formed by the treatment of chlorotrimethylsilane with aluminium and 

Al + 3Me3SiC1 + 3Li 
THF/benzene > 

65OC, 7d A1(SiMe3J3.THF + 3LiCl . ..(28) 

lithium in THF/benzene or Et20, in the presence of mercury, e.g. (28). 

The unsolvated compound can only be formed by the reaction of 

tetrakis(trimethylsilyl:-aluminate with aluminium chloride in 

pentane. 
228 
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The sodium or potassium salt of tetrakis(trimethylsilyl)- 

aluminate is formed by the reaction of M(=Na or K) with Hg(SiMe3j2 

and Al(SiMe3)3.Et20, equat;? (29). The vibrational (infrared 

and Raman) and n-m-r. (lH, C) spectra were reported and discussed. 
229 

2M + Hq(SiMe3j2 + A1(SiMe3)3Et20 
Et20 

pentarte 
M[A1(SiMe3)4] . ..(29) 

3.2.3 Comnounds containinq Al-N or Al-P Bonds 

Alkylaluminium compounds react with certain aza-aromatics and 

alkali metals to give persistent paramagnetic species, such as (781, 

which could be characterised by e-p-r. 230 
- 

AlMe 
I 2 

A1ile2 

(78) - 

Et 
I 

Cl. ‘.A1/h\c* 
cl) \N,&H: 

Me/ ' Me 

The crystal and molecular structures of (B), a neutral, chelated, 

four-coordinate aluminium compound, have been determined. Two 

types of Al-N bond were shown to be aresent; the Al-N(Me2) distance 

was 1.9632 (a typical single bond value), while the Al-N(Et) 

distance was 1.770x. The latter showed that there is a significant 

n-interaction between the lone pair on the (planar) nitrogen and 

the aluminium. 231 

The stable new N-alkyliminoalanes, [Me,N(CH,)3N(AlH,),],.THF 

and p4e2NCH2 (CH~)CHN(A~H~),]~.THF, have been prepared from AlH .THF 

or NaAIHd and the corresuonding amine (or its hydrochloride). 
212 

3-Dimethylamino-n-propylamin?, 2-dimethylamino-iso-propylamine 

and 3-methoxy-n-pronylamine can be used to synthesis poly@-alkyl- 

iminoalanes) by a variety of routes. They gave products with 

onen caqe structures even under drastic conditions involving direct 

reaction of hvdroqen, the amine and aluminium metal. 233 

R\ HR 
O<,N< 

Al 

XL---0 
/ 

/' \ 
R /N -Al 

R' 1 'R 

H 
R' 

(80) - H 
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'H, l3 C n.m.r. and i-r. snectroscopy and cryoscopy were used to 

study the organoaluminium amides, (80; R=Et, - R'=CH2Ph or Me: 

R=Ye, ri'=CH2Ph), formed by the thermal decomposition of complexes 

of tetraalkylaluminoxanes with benzylamine or methylamine. 234 

Aluminium, gallium and indium trimethyls react with equimolar 

amounts of phosphoric or phosphinic acid amides, HN(Me)P(=Y)X2, 

where Y=O or S; X=F, Cl or Me, to give dimeric or monomeric 

dimethylmetal derivatives of the acids. The monomers were 

Me2M(S)PN(Me)Me2 - the others were dimeric. For the dimers 

Me2Al (Y=) PN (Me) My, the 1 H n-m-r_ spectra could only be interpreted 

by assuming the presence of two structural isomers. 235 

3.2-4 Compounds containinq Al-O or Al-S Bonds 

Reaction between M(=Al,Ga or In) and N20 in an argon matrix 

leads to the formation of MO species. The electronic spectra of 

these have been reported. The matrix shifts (w 
-Vmatrix 1 were 

gas 
determined in each case, and they decreased in the sequence 

Al>Ga>In. For the O-O transition (B2Z+X2C) the figures were 

-1168cm-1 (M=Al), -617cm-1(Ga), -532cm_l(In). 
236 

The Raman spectra of polycrystalline boehmite, y-AlOOH, and its 

deuteriated analogue, together with previous infrared data, were 

said to be consistent with the recently discarded space group 
17 

D2h (AmamL237 A separate report, however, comes down in favour 
16 

of the space groups D2h or C 5 238 
2h' 

A12Ye6 and nitric oxide react to form (811, with triclinic 

crystals, soace group pi. The ONN( unit gives rise to a five- 

O-N 
,Me 

/ 

Me2A1\*0_N I 

kL 
Me3A1 

(81) - 

membered chelate ring, as shown, with the Me3Al coordinated to the 

nitroso-oxygen. The position of maximum basicity at this pOSitiOn 

in the ring is confirmed by ab initio calculations. In the 

presence of bases, (81) rearranges to {AlYe[ONN(Me)0~2}, with five- 

coordinate aluminium, and {Al(ONN(Me)O] 1, with six-coordinate 
239 3 

aluminium. 
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Solubilitv was investigated in the Al(OEt)3-Ba(OEt),-EtOH 

system at ZOOC. Two congruently soluble complexes were found: 

BaLA1(OEt)4J2, and crystalline Ba3[Al(OEt),]2.240 

Tetra-alkylaluminoxanes, R4A120, where R=Me, Et or &Bu, react 

with acetylacetone (Hacac) to form a variety of acetylacetonate 

derivatives. The acac ligand has a destabilising effect on the 

aluminoxanes (as the mixed derivatives disproportionate to 

nl(acac)3) and so the stabilities lie in the sequence; 

R4A120~R3(acac)A120~R2(acac)2A120~>(acac)4A120 

The nature of R also affects the stability: i-Bu>Et>Me. 
241 

Addition of tris(1,1,1,2,2,3,3-heptafluoro-7,7-dimethyloctane- 

4,6-dionato)lanthanide(III), Ln(fodj3, where Ln=La,Pr,Nd,Sm or Eu, 

to a benzene solution of tris(acetylacetonato)aluminiuminium III, 

Al(acacJ3, enables 
27 

Al nuclear magnetic resonances due to free 

and complexed Al(acacJ3 to be seen at 25OC. Chemical exchange is 

slow on the n.m.r. time-scale, and the separation of the paramagnetic 

shifts into contact (CS) and pseudocontact (PCS) contributions 

implies a fairly large CS contribution, and that the hyperfine 

splitting constant of the aluminium is positive. 
242 

A l3 C n.m.r. study of trans-tris(trifluoropentanedionato)- 

aluminium(II1) was used to follow the fluxional behaviour of the 

B-diketonate complex. Free energies of activation (AG*) were 

calculated for the exchanqe of all the units in the molecule. 

All were very similar, suggesting that all the exchanges occur at 

comparable rates. 
243 

The effects of temperature and concentration changes on the 

nuclear magnetic relaxation times of 
1 
H and 27Al in the ak;;inium 

nitrate-hexamethylenetetramine system have been reported. 

Phase relationships were studied in the A1(N03)3-CsN03-HN03-H20 

system at 25OC and HN03 concentrations of 10,20,30 and 40 mass %. 
245 

In addition, solubility measurements have been made on A1(N03)3- 

CsN03-H20 and A1(N03)3-CsN03-HN03-H20 systems at 50°C. 
246 

MA1(HP04)2,H20 (where El=K or Ag) have been synthesised. The 

structures and thermal changes (in the range 20-1000°C) were 

studied by infrared and 
1 
H n-m-r. spectroscopy. The decomposition 

products are MA1P207. 
247 

The compositions and properties of 

aluminium fluoride phosphates, A1Hx(P04)Fx.nH20 (from the H3P04- 

A12(S04)3-NH4F-Hz0 system at 80°C) have been determined. 1-r. 

spectra were reported for the species with x=1, n=2 or 3. 
248 
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M(PO2P213, where M=Al or Ga, can be prepared from the corres- 

ponding trihalides and difluorophosphoric acid. Infrared spectra 

and their physical oroperties show that both are polymeric. 249 

Stopped-flow Fourier-transform n-m-r. and conventional n-m-r. 

line-broadening experiments were used to determine rate data for 

DMSO exchange with the [M(DMS0j6j3+ (where M=Al or Ga) ions in 

nitromethane-d3 solutions. Dissociative mechanisms were proposed 

in each case. When M=In, the exchange rate is too fast to follow, 

even at low temperatures. 250 

The reactions of Na[A1(S03C1)4] with Lewis bases such as H20, 

NOX-, N02- and F- have been studied. In the first 3 cases, there 

is an analogy with the reaction of Na(S03C1), suggesting 

nucleophilic attack on the sulphur. In the last case the aluminium 

seems to act as an acceptor, to give A1F4- and S03C1 - 251 . 

Improved syntheses have been reported for A1(C104)~-3)-, where 

n=4,5, or 6, i.e. reactions of anhydrous HC104 with stoichiometric 

mixtures of AlC13 and MH4C104 or AlC13 and NH4C1. The infrared 

and Raman spectra of A1(C104)z- show only unidentate C104- groups. 

The other species have more complex spectra, and both uni- and 

bidentate ligands are present in each case. For Al(C104)~- the 

structure is probably analogous to that of Al(NO3):-, with one bi- 

and four unidentate ligands. 252 

Another review of methods for preparing aluminium perchlorato- 

complexes has appeared. 

[AlC12(C104)2]- 

The formation of [AlC13(C104)]-, 

and [A1C1(C10j)3]- was detected by 27A1 n-m-r. in 

solutions containing Al 
3t 

, Cl and C104-, in CHC13 or CH2C1 

The infrared spectra of [A1(C104),-]3-, [A1(C104)5]2- 
2' 

(as Li, Na or 

Ca salts) and A1(C104)3.3L (where L=H20, THF or MeN02) were all 

interpreted in terms of the presence of only unidentate C104- groups. 

AX10413 contained only bidentate ligands, while [Al(ClO 1 
4 4 

]- and 

[Al(C104,5]2- (as K,Rb or NH salts) contain uni- and bidentate 

perchlorates. 
253 

4 

Al(C104)3 dissolves in CH COOH, 
2 

(CH3C0)20, CH30H or C2H50H with 

complete replacement of Cl0 
4 

by solvent molecules. NoCl or 

N2°4 
on the other hand, give nitrosyl perchlorate and an aluminium 

chloro- or nitrato-complex. In MeCN,THF and MeN02, the C104- 

groups remain coordinated to the aluminium, but are now unidentate. 

All three C104- groups are also unidentate in A1(C104)3.3H20. 

The complexes ("Bu~N)[A~(C~O~)~] and (nB~4N)2[A1(C10 1 
2544 ' 

1 were both 

nrepared - both were soluble in CHCl3 and CH2C12. 
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Lithium tetrakis(thiocarbamato)aluminates were prepared as in 

equation (30), where X=0 or S; Y=S; R=n-Pr, LPr, ~Bu, ~Bu, cyclo- 

LiA1H4 + 4 [RNH3+RNCXY-J+Li[A1(XYCNHR)4]+4H2 + 4RNH2 . ..(30) 

'sH1l' 
in dry Et 0 

2 
as solvent. Their infrared spectra contained 

bands as expected for metal monothio- and dithiocarbamates. 
255 

Single crystals of BaAll 88Yno 1204 are hexagonal (space group 

P63-C6 6), with a large unit cell (a=1043.4pm, c=879.4pm) _ The 

narent RaA1204 structure resembles that of BaGa204, but differs 

from it in having a unique tetrahedron orientation- 256 

The crystal structure of a-A1203 has been determined at 300K 

and 2170K. There are significant chanaes with temperature in the 

nositional narameters of the aluminium atoms, but only slight 

changes in those of the oxygen atoms- At 2170K the aluminium 

atom moves towards the vacant octahedral hole between oxygen 

layers, and the distorted hcp plane of oxygen atoms becomes more 

regular. 
257 

An X-ray powder diffraction examination of Rb2[M20(OH)6], where 

Y=Al or Ga, showed that both are orthorhombic, with probable space 

qroup Aba2. 
258 

NaA13(OH)6(Cr04)2 forms rhombohedral crystals, 

belonging to the space group R?m. It is isomo:-phous with the Fe(II1) 

analogue - i..e. it possesses the alunite structure. 
259 

The crystal structure of (H30)[A13(H2P04)6(HP04)2]_4H20 contains 

layers consisting of A1O6 octahedra sharing vertices with 02P(OHj2 

and 03P(OH) tetrahedra. The spaces between the layers are 

occupied by H30 
+ 

ions, while the H 0 molecules are held between 
2 

neighbourinq layers (hy hydrogen bonds) _ 
260 

The formation of sodium polyaluminate (E-alumina) in A1(OHj3/ 

Na2C03/NaF mixtures was studied by X-ray diffraction, DTA-TG and 

mass soectrometry- Replacement of CO3 
2- 

by F- leads to the 

disapnearance of monoaluminate and the 8" phase from the reaction 

products rich in sodium. 
261 

3.2.5 Aluminium Halides 

Mass and i-r. spectra and X-ray data suggest that the phthalocya- 

nines AlPcF and GaPcF are polymeric, with (M-FjX backbones- 

AlPcCl, AlPcBr, AlPcI, GaPcCl and InPcCl are all monomeric. 
262 

A fluoride-sensitive electrode has been used to study complex 

formation in the Al(EDTA)-F--H20 system. The mixed complex 

A1F(EDTA)2- was identified, and shown to have a stability constant 

of (5.5+o.6)x104 at 25OC and I=O.2. 
263 
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Sinqle crystals (tetragonal, 12~2) of @-RbA1F4 have been 

prepared by hydrothermal synthesis. The structure is closely 

related to that of tetragonal tungsten bronze, being built up from 

two [A1F4,2F2-]-layers of AlF6 octahedra connected by 4 corners. 

At 588K the crystals undergo an irreversible transformation to the 

stable a-form. This involves concerted n/4 rotation of four- 

octahedra grouns about the c axis. 
264 

F F 
I 

F-&-F-Al-F 

F FG 
I/ 

,F,F'h 

F-Al- F-Al-F 

6 : 

(82) - 

"Ba3A12F12" turns out to be Ha6[(F4A1F2,2j4]F4, where the 

tetrameric anion has the structure (82). - This is the first example 

of such a structure in an aluminium-containing species. 265 

AlX3. 2YeCN (where X=Cl or Rr) are isomorphous and can be 

formulated as [Al(MeCN)5~]2+[A1X4]22-.MeCN. Skeletal vibrational 

assignments were nroposed for the cations, based on analogy with 

Al(MeCN)63+, and from data obtained by H/D substitution. The 

comoounds AlX 3.1.66MeCN (X=Cl or Br) were also prepared; their 

spectra sugqest they are simply non-solvated analogues of the 

above- 
266 

The e-m-f. 's of concentration cells with chloroaluninate melts 

have been estimated. There remains a great need for experimental 

measurements of transport numbers in such melts, especially those 

with orqanic cations. 267 

Raman studies on LiCl-CsCl and CsCl-A1C13 melts show that 

chloroaluminate and sulphide ions react at about 400°C at a 1:l 

ratio to form clear solutions. The glassy compound (C~AlsC1~1~ 

was isolated. The possible existence of homologous chain-like 

ions A1nSn_lC12n+2 n- (n>3) was proposed, together with [A1SC12]z- 

(for large n only). The ions qive a strong, polarised Raman band 

near 325cm 
-1 

, assigned to stretching of A1C12-S-A1C12 units. In 

neutral and acidic chloroaluminate melts the ions dissociate to 

form dissolved species [AlnSn_lC12n+2_m~(n-m)-, and solid AlSCl. 

The solutions give a polarised Raman band at 
-1 

292cm , due to the 

doubly-bridged _‘Al<~~>l~unit~.~~~ 



Raman snectra were obtained for nine molten SbCl,/AlCl3 mixtures 

(and the pure components), together with three AlC13/NaCl/SbC13 

mixtures. The AlC13 melt contains A12Cl6 (D2h) units. There 

was no evidence for SbC12+ or A1C14- in the mixed melts. 
269 

Infrared spectra have been reported for acidic and basic 

aluminium chloride/l-butylpyridinium chloride melts at room temper- 

ature. A1C14- modes show a snlitting of ~3, i.e. the Td ions are 

distorted in the melt. In a 2:l molar ratio melt A12C17- bands 

are seen, and they are consistent with the presence of a bent 

Al-Cl-Al bridge. 
270 

A(I)Y(III)C14 (where A(I)=Cs,Rb,In,T1,NH4; M(III)=Al or Ga) are 

nrenared by heating 1:l mixtures of AC1 and MC13 in glass ampoules. 

All crystallise with the barytes structure. 271 

Single crystals of LiA1C14. 3S02 are orthorhombic (space group 

Pnam). The structure is built up of parallel Li(S02)6/2 chains, 

with almost ideal tetrahedral A1Cl4- in the intervening spaces. 

The structure is closely related to that of LiC104.3H20. 
272 

The 

Crystal structure of NaAlCl 4 (space group ~2 2 2 
111 

) has been further 

refined, to qive improved R values. The data were used to assign 

Raman spectra of polycrystalline and single crystal samples of 

this compound. 
273 

The eouilihrium (31) has been studied. Yeasurements on 

CuC12(s) + A12C16(q) + CuA12Clg - -. (31) 

CuA12C18 as a solid-phase confirmed this formula for the gaseous 

molecule. However, small amounts of CuAlClS and CuA13C111 were 

also oresent in the gas phase. 274 

Crystals of CuA12Cla have been prepared. They are monoclinic 

(space group P2l/c), and contain square planar Cu(II), as shown in 

(821, although there are two more distant chlorines, giving a 

distorted octahedral arrangement. The coordination at Al is 

approximately tetrahedral (Al-Cl,=2.08~; A1-Clbr=2.20g).275 

Cl. ~.~l/cl\cu/cl\ _=ec1 
Cl / lcl/ \cllAl\Cl 

(83) - 
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Electronic absorption spectra have been reported for the vapour 

phase complexes formed by ErC13 and ?IC13 (where M=Al, Ga or In). 

They gave no conclusive results as to the identities or the 

structures of the complexes_ 
276 

X ___ -Ti--- _ X 

;;A<X/ \\l<; 
. X' 

(84) - 

CpTiC13 reacted 

to form trinuclear 

were characterised 

with two equivalents of ethylaluminium compounds 

complexes CpTiA12Clg_xEtx (x=1-4). These 

by their e.p.r_ and visible (d-d) spectra_ All 
377 

had the general form (84).-" - 

A mass-spectrometric study of the equilibrium (32) in the gas 

2A13Clg- - 3A12C1 
6 

_ _ _ (32) 

phase gave the following results: AH0(298)=10.1 kcal.mol -1; 

DS0(298)=40.8 cal.mol 
-lK-1 

The gas phase above A12C16 at its 

suhlimation point contains 1 mol.9 of A13Clg. 
278 

CoA13Clll (as its molecular ion) has been directly observed for 

the first time hy mass spectrometry. Measurements of the 

CoC12(5) + 1.5A12C16(g) e CoA13Clll . . . (33) 

equilibrium (33) qave the followinq thermodynamic data: AH0(556)= 

+2_9 kcal.mol 
-1 

; ASO(556) = -4_8cal_mol.-lK-l.27g 

Conductivity studies on the AlBr3 -CH3CN system (at 2S°C, 

2A1Br3 + 4CH3CN \ LAlBr2(CH3CN)42+ + AlBr4- (34) 

and H20 concentrations in the range 4x10 
-3 

to 10 
-2 --- 

mole/l.) have been 

carried out. The dissociation mechanism (34) was able to ration- 

alise the observations_ 
280 

3.2.6 Intermetallic Phases containing Aluminium 

Mn4A111 is triclinic (space group Pi), and its structure contains 

layers of Mn and Al atoms. The Yn-Al and Al-Al distances were 

very short - both within and between the layers_ 
281 

The new phases Pd2_4_2_gA1, Pd2_gg-3_3A1R Pd3_+4_15A1 ‘lere 

prepared from molten mixtures, with subsequent annealing at 600°C. 

or by reaction of the elements in the presence of I2 at 600°C. 
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They were identified by X-ray powder diagrams. The existence of 

Pd5A13 was confirmed, and the new compound Pd5A112 also prepared. 

The latter had a tetragonal layer structure (space group Il/mmm), 

and was a metallic conductor, with preferred conductivity parallel 

to the layers. 
282 

AlxCu2W12-xSi7 (or &-AlCuMgSi) forms crystals with a disordered 

structure. The probable idealised space group is P6,/m, but the 

data could be explained by - 283 
2 

the space group P6. 

X-ray investigations of 

showed the presence of two 

(hexagonal; P63/nmc; MqZn 

variant of TiAlj type). 282 

3.3 GALLIUM 

several samples in the U-Cu-Al system 

new disordered ternary phases: U2Cu3A1 

type); and UCuA12 (tetragonal; 14/mmm; 

3.3.1 ComDounds containinq Ga-C or Ga-Si Bonds 

Raman, infrared, 1H and 13C n-m-r. spectra have been reported for 

Ga(CH=CH2)3, In(CH=CH2)3 and related species. Molecular association 

via vinyl bridqes, using an-complex type of linkage can be ruled 

out- In (CH2=CH) 2MX, (X=Cl.OMe or CS3le). only terminal vinyl 

ligands are present. 285 

Various base adducts of EtGaFe(C0j4, i.e.Bn(Et)GaFe(CO)4, have 

.been prepared. Where n=l, B=THF, the compound is dimeric, but 

for n=l, B=bipy or TMEDA, n=2, B=py, they are monomers. All 

contain four-coordinate gallium and 5- or 6- coordinate iron. 286 

Ga(CH2SiMe3)3 can be prenared from GaC13 and Me3SiCH2NgC1 in 

ether solution. It is a monomer in benzene solution, and acts as 

a weak Lewis acid. Et2GaI and CH2N2 react together with 

Me3SiCH2MgC1 in ether to produce Et2GatCH2SiMe3). 287 

A new series of neutral organogallium(II1) compounds has been 

Drenared: Ga(CH2SiMe3)nx3_n, where X=Cl or Br, n=3,2, or 1. All 

were characterised by various analytical and spectroscopic 

techniques. The parent compound (n=3) was made as described in 

the previous reference; the halo-derivatives were made from it by 

elimination reactions with HCl or HBr and by exchange reactions 

with GaC13 or GaBr3. The compounds with n=2, X=Br or n=l, X=Cl 

or Br are dimers; that with n=2, X=Cl is a polymer. Apparently 

the structure of the last is unusual. Two possibilities are a 

"ladder" polymer, (G), and a linear arrangement, (s).288 

(Trimethylsilyl)methyl gallium(I) .compounds have also been 

reported: MGa(CH2SiMe3)2 (where M=Na or K) and MGa(CH2SiMe3J2_ 

MeOC2H40Me (where M=Li or Na). They were characterised by elemental 
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R’f i R 

dl-Ga 
I/ 

I 
R\' 

i\R 
\ 

Ga-i 
R/i ; 

’ (85) 
(86) - 

- 

analysis, cryoscony, infrared, 1 H and 13C n.m.r. spectroscopy- 

They are of a novel type, incorporating low-oxidation-state main 

group metal anions. The reactions to give them seem to involve 

a reductive elimination between Ga(CH2SiMe3J3 and alkali metal 

hydrides. They aopear to contain covalent units: 

baGa(CH2SiMe3)213 and [LiGa(CH2SiMe3)2.MeOC2H40Me] 

[;;;(CH,SiMe3)2]2, 

X- 

Another new compound to be reported is Ga(SiMe313. This is 

made by the thermal decomposition (on sublimation) of Li[Ga(SiMe3)4]. 

xEt20, which is in turn made by reaction (35). The Raman spectrum 

of Ga(SiMe3) 3 contains bands at 312 cm 
-1 

(wsGaSi3) and 349 cm 
-1 

5Li + 4Ye3SiCl + Ga Pg/Et20;14d 

-4LiCl ' 
Li[Ga(SiMe3)4].xEt20 . ..(35) 

( w asGaSi3). Only the latter has an infrared counterpart - 

consistent with the presence of a planar GaSi 3 skeleton. 
290 

3.3.2 Comnounds containing Ga-N Bonds 

A detailed study has been made of the microwave spectrum of 

trimethylamineqallane, using the following isotopic variants: 

(CH3j3 14N6'GaH3, (CH3j3 14N71GaH 

N14N6'GaD 

(CH3) 3 

14N7'iaD 

15N6'GaH3, (Cfi3J3 15N7'GaH3, 

(CH ) 
31 

3 and (CH3J3 3- rs 
was found to be 2.111 + - 

0.0025( for the Ga--N bond. Infrared and Raman spectra were also 

recorded for (CH3j3NGaH3, (CH3j3NGaD3 and (CH3j3 
15 

NGaH3 in the 

solid state at low temperatures. These could be interpreted 

satisfactorily by assuming C3v symmetry. A normal coordinate 

analysis showed that the Ga-N stretch and the NC3 symmetric 

deformation were extensively mixed, and that the Ga-N stretching 

force constant was 2.44 mdyn_~-l-2g1 

Gallium trichloride or tribromide reacts with 2,6-dimethyl- or 

2,4,6-trimethyl-N-trimethylsilyltrifluoroacetonilide to form (871, 

where X=Cl or Br: R=2,6-Me2C6H3 or 2,4,6-Me3C6H2. Interesting 

by-oroducts are (88). The formation and reactions of a number of - 

other aminoqallanes were described. 
292 
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R, cF3 

9 
CF3-C-N' 

R N-&=0 
I 

X-&a-0-Ga 
Me 

'GaX2 
L--c A, 

. ..Ml/g 
y--Me 

(87) - CF3 R 
Me' ' N--N' 

Me' \ Me 

(88) - (89) - 

Trimethylgallium and -indium react with N',N"-dimethylacethydra- 

zide and N',N",N"'- trimethylacetimido hydrazine respectively, to 

give (as a first step) monomeric dimethylmetal compounds, with 

five-membered skeletons, (89, Y=Ga or In: X=0 or N"'Me). These 

immediately add a further alkyl-metal molecule. 
1 
H n-m-r., 

infrared and Raman spectra were presented and discussed, and the 

structures were ccnfirmed by X-ray diffraction. 
293 

N.m.r. studies of interactions of Ga(II1) with the antibiotic 

bleomycin showed that the metal ciisnlaces a proton from the a-amino 

group of the diaminopropionamide fragment of the drug. 
294 

forms a complex (GaC13)2L. Infrared and electronic spectra, and 

conductivity measurements show that it is ionic in type, and the 

nossible structure of the cation is (91)_2g5 - 

Molybdenum and tungsten carbonyl complexes containing the biden- 

tate chelating thiomethoxymethyl group and tridentate chelate 

qallate ligands have been crepared and characterised, (92, M=Mo or 

N: R,R'=H,Me). The crystal structures of the complexes where 

R=H or Me, R'=Me were determined; the metal atoms are seven- 

coordinate, as shown. 
296 

R-7&R 

Me. / 
Ga 

Me' ' 
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The preparation and physical properties of octahedral and 

trigonal bipyramidal complexes containing tris-chelating ligands 

L Me2Ga(N2C5H7) (OCH2CH2NR12)] where R'=H or Me have been described. 

Thus,[dimethylhis(3,5-dimethyl-1-pyrazo gallato-@(2),E'(2) )J- 
[dimethyl-(3,5-dimethyl-l-pyrazolyl) (N,N-dimethylethanolamino- 

(qallato(N(2),0,N(3))] nickel(I1) forms triclinic crystals, space 

qroun pi. The coordination about the nickel is distorted trigonal - 

bipyramidal, with two nitrogens from the Me2Ga(N2C5H7)2 ligand in 

equatorial positions. 
297 

Cycloheptatrienyl molybdenum and -tungsten dicarbonyl complexes 

including dimethylcl-pyrazolyl) (ethanolamine)gallate ligands have 

been prepared, (93, M=Mo or W) _ They are monomeric, and pseudo- 

octahedral at the metal. The organogallate ligand is so arranged 
3 

as to qive fat-bonding, while the C,H7 ring is n -coordinated and 

fluxional. 
298 

Trimethylqallium and N,N-dimethyldithio-oxamide react to give a 

2:l complex, as two configurational isomers. 
1 
H n-m-r. and 

vibrational spectra were used to characterise these as (941, the - 

E-form, and (951, the Z-form. Both contain planar, fused five- 

membered ring systems. 
299 

Me 
I Me 

3-3.3 

rlie 
I 

Me 

(94) (95) - - 

Comoounds containing Bonds between Gallium and Elements 

of Group 6 

Infrared soectra have been obtained for alkali metal metagallates, 

MGaO,(M=al?cali metal), together with those for the lower gallates 

Li20-5Ga203 an~G;20.6Ga203 (M=Na,K,Rb or Cs). Some assignments 

were proposed. 

Ba[Ga(OH2) 2~J2 forms monoclinic crystals: thermography shows 

that its thermal stability is less than that of the corresponding 

aluminium compound. vGa0 infrared bands were assigned. 
301 

Crystals of V2Ga05 (i.e. V(III)V(IV)GaOS) are monoclinic, space 

group C2/m. The structure is built up of f3-Ga203-like columns of 

Ga04 tetrahedra (containing all of the gallium atoms) and V06 
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octahedra parallel to the c axis. 
302 

- 

The Ga203-Li20-Si02-H20 system has been studied, revealing the 

existence of a lithium gallium hydroxide silicate with a 2:l layer 

structure. This was described by the crystal chemical formula: 

Li 2x+y~Ga2_xLi.~&Si4_yGayOlo~(OH)2)'nH20, where x=0.6 to 0.8; 

y=o.3 to 0.1. 

It is possible to carry out an estimation of gallium, as the 

salicylato-complex [Ga(C6H40C00)3~3-, by means of square-wave 

nolarogranhy. 
304 

Stability constants, chelate protonation constants, hydrolysis 

constants and formation constants have been determined by potentio- 

metric measurements on aqueous solutions containing gallium(II1) 

and one of ten multidentate ligands containing combinations of 

phosphonate, acetate, phenolate and tertiary amine donor groups. 

In some cases it was possible to infer pronable coordination sites 

and the stereochemistry of metal-ligand interactions, e.g. with 

glycine-N,N-bis(methylenephosphonic acid), (=H5L), the species 

formed appears to be (96).305 - 

- 

Equilibria between Ga(II1) and the 5-nitrososalicylate anion 

(HA-1 have been investigated by spectrophotometry in acid solutions 

(pH 1 to 2.5). Two complexes were identified, with formation 

constants: Kl = ~G~A+JLH+I = 49 + 2 dm3 
ba3+][HA-j - 

mol -1, K ,_[Ga(HA)2+J 

1 ~a3'l[HA-]= 

500 + 55 dm3m01-1. both at 25OC and I=O.l mol. dmm3. The kinetics 

of formation and decomposition were determined by a temperature 

jump method. 
306 

Sodium and mixed ammonium/sodium salts of cupro(II)- and mangano 

(II) undecatungstogallate(II1) have been prepared e.g. (NH4j6 5 

Na0_7 tHl.8 Cu06Ga04Wl1030~. 
. 

X-ray structural studies are in 
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aqreement with a Kegqin-type structure for both of the heteropoly- 

tungsten anions. 
307 

Several salts have been isolated which 

contain the nickel(I1) undecatunqstoqallate(II1) anion, 

[H2_lNi06Ga04Wl103]6~g~_ Single-crystal X-ray structural studies 

for the NH4/Na salt shows that this anion also possesses a Keggin- 

type structure. 
308 

The crystal structure of BaxTi8_2xGa10+2x031 has been studied 

by high-resolution (32) electron microscopy. The tunnel structure 

contains elements of the hollandite, rutile and (3-qallia structures, 

intergrown coherently to give a tetraqonal unit cell. 
309 

MGa2S4 (where M=Ca,Sr or Ba) are formed by heating the correspon- 

ding oxogallates with H2S. The calcium and strontium compounds 

from orthorhombic, the barium cubic crystals. It is also possible 

to form M3Ga2S6. 
310 

Pb2Ga2S5 forms orthorhombic crystals (space group Phca). The 

sulnhur atoms are in positions of four- and five-fold, the Pb in 

eightfold, and the Ga in four-fold coordination. The structure 

is built up of alternate sheets: one built up of GaS4 tetrahedra, 

the other with the formula (PhS)n.311 

The Cd-Ga-Se system has been studied - t!le CdSe-GaSe, CdGa2Se4- 

GaSe and CdSe-Ga sections. The last is not quasibinary (due to 

the formation of GaSe and Cd).3l2 The phase diagram of the 

Cl-Ga-Te system has been constructed: the compound GaC13_TeC14 

was identified. 
313 

3.3.4 Gallium Halides 

M-2. calculations on third-row main group compounds, including 

GaF 
3 

and GaH 3 show that an STO-3G basis set gives good agreement 

with experimental equilibrium geometries. The smaller STO-2G set 

was not nearly so good. 314 

Infrared and riaman spectra of "HGaC12" (and the deuterio-analogue) 

show that it is a dimer, with all the hydrogens terminal. The 

number of bands suggests that the arrangement is cis-, i.e.(97). 

vGaH'is seen at 2047cm -' (1465cm-1 for vGaD), compared to bridging 

vBH near 1600 cm -1 - showing the absence of bridging hydrogens. 315 

H 
.__ Ga/cl\Ga.=.H 

Cl/ 'Cl' \Cl 

Cl._ .Ga/C1\Ga.=-cl 
Cl/ ‘Cl’ \Cl 

(97) - (98) 
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N-q-r. spectra have been reported for GaC13. 35C1 and 37C1 

each give three lines, 69 
Ga and 

71 
Ga one line each, confirming the 

symmetrical dimer structure (98). 
316 

- 

Electrochemical studies of the chloride donor-acceptor properties 

of GaC13 and InC13 have been made. Roth formed HEC14(E=Ga or In) 

in THF or 1,2_dimethoxyethane - they reacted as strong acids in 

both solvents_317 

KGaC14 exists in three enantiotropic forms: KGaC14-I - stable 

below -25OC; -11, stable from -25OC to 130°C (KA1C14 type of 

structure); -111, stable from 130°C to 259OC (m.pt.).318 

Tensimetric studies have been made of the GaC13-PC15 system. 

There was no evidence for GaC13.PC15 in the gas phase. The 

thermodynamic characteristics of dissociation of crystalline GaC13.PC15 

into gaseous GaCl PC13 and Cl2 are: AH: = 73.5 kcal.mol -1; 

AS; = 99.6 e-u_ 313' 

Cl 

Cl\ I ,Cl, c -, /c1 

cl+cl/Ga~c~ 

Cl 

(99) - 
The Raman soectra of molten and solid NbC15_GaC13 show that it 

is present as a discrete molecule in the solid and in the melt just 

above the melting point. The structure appears to be (991, i-e. 

an octahedron and a tetrahedron sharing an edge- Increased 

temperature lead to dissociation into the components (Nb2C110 and 

Ga2C16). 
320 

3.3.5 Intermetallic‘ Phases containing Gallium 

The new intermetallic compound K3Ga13 is orthorhombic (space 

group Cmcm), The structure can be described in terms of a 

packing of two types of polyhedron (one with 11, the other with 12 

gallium atoms), linked in a non-compact fashion, with the potassium 

atoms in the resulting holes. 321 

A new metastable phase, MgGa2-m, is formed by solidification of 

a supercooled _Mg/Sa liquid alloy; it is isotypic with CaIna. 

The phase diagram of the Mg-Ga system was corrected. 322 
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A study of the gallium-rich sides of the systems Nd-Ga and 

Ce-Ga revealed new compounds MGa6 (where M=Nd or Ce). Both are 

tetragonal, with lattice parameters: (M=N'd) a=5.9968, c=7.62Oa; 

(M=Cl) a=6_03a, ~=7.6322.~~~ 

3.4. INDIUM 

3.4.1 Compounds containing In-N Bonds 

Dimethylindium-pyridine-2-carbaldehyde oximate forms orthorhombic 

crystals, space group Pbcn. The molecular structure is (100) i.e. 

a dimer, consisting of five fused rings, of which the central one 

is an InONInON unit. The indium is five-coordinate, with a 

distorted trigonal bipyramidal form. 
324 

Me2 

/ 
O--In<* 0 

HC=N Q 

/"\\ ' 
CH 

Electrochemical oxidation of anodic indium in non-aqueous media 

containing a halogen can qive either InX3 (X=Cl,Br or I) or the 

adducts of the trihalides with neutral ligands (depending on the 

solute present)_ Details for the preparation of the MeCN, py, 

2,2'-bipy and PPh3 adducts were given. The vibrational spectra 

of InX3. 3YeCN (where X=Cl or Br) were consistent with the presence 

of the fat-InX3N3 isomers. For In13.2MeCN, the data indicated 

the probable formation of [In12(MeCN)4]+[In14]-.325 

The first crystal and molecular structure determination of an 

indium pophyrin has been reoorted, for (5,10,15,20-tetraphenyl- 

porphinato)indium(III) chloride. It forms monoclinic crystals, 

space group P2l/n. The In is five-coordinate, square pyramidal, 

with the chlorine as the axial ligand. Bond distances are: 

In-N(mean); 2.156(6)2; In-Cl, 2.369(2)8. The porphinato-core 

is somewhat expanded (average radius 2.067(3)%. The macrocycle 

is non-planar, with the amount of "doming" similar to that for the 

Fe(II1) high-spin porphyrins. 
326 

A potentiometric study of equilibria in the systems In(NTA)2- 

In(EDTA)X2 (X=SCN-, S20j2-, S032-, N03-, NH3), and NTA=nitrilo- 

triacetate ion, established that the mixed dinuclear complexes 

[In(EDTA)X2](EDTA) are formed. 
327 
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Methyl (tetranhenylporphinato)indium(III), In(Me)(tpp), iS 

monoclinic (soace group P21/c or P21/a). The indium fornis a 

square based pyramid, with In-N, 2.06(1)2, In-Cl, 2.13(l)% The 

In atom lies 0.78(2)x and 0.92(2)8 from the plane of the four 

nitrogens and from the porphinato plane respectively. These are 

the highest values found in metalloporphyrin chemistry. 
328 

Indium(II1) complexes have been prepared with salicylidene 

aromatic Schiff bases. The large molar absorbance of the 1:2 

In(II1) complex with salicylidene-o-hydroxyquinoline can be used to 

determine micro-amounts of In (down to 0.57 g ml 
-1 

). 
329 

3.4.2 Compounds containing In-O, In-S or In-Se Bonds 

The equilibrium between In203 and gaseous Cl2 has been studied 

at temperatures from 500°C to 7OOOC. The temperature dependence 

of the equilibrium constant is given by the expression: lnKe=2.34- 

(2550/T).330 

The vibrational spectra of the double oxides 40CaIn204 and 

44CaIn204 have been studied. The isotopic shifts enabled vIn0 

and vCa0 modes to be differentiated. 
331 

A number of barium 

indates were isolated from the BaO-In 0 2 3 system: Ba51n208, 

Ba31n206, Ra21n205, Ba41n6013 and BaIn204. Their vibrational 

spectra were reported, and 5;; BaIn204 it was suggested that the 

indium was five-coordinate. 

In(acac)3 forms orthorhombic crystals (space group Pbca). They 

are isomorphous with Fe(acac)5, with an average In-O distance of 

2.132(8)a, and an O---Oligand "bite" distance of 2.905(8)8. 
333 

Solubility has been investigated in the In(N03)3-HN03-H20 system 

at 20°C, 30°C, 40°C and 50°C_ The heat of solution of In(N03)3 

ll9OC 
In(N03)3.4.5H20 - In(N03)3.3,25H20 

16OOC 
> (In20(N03)4-h20 

188oc~ In,0(N03)4 2200> InO(N0_,I>2430C> In203 --- (36) 

in water is : AH 298 = 
d 

-7.15 + 0.21kJ mol-l, while the thermal 

decomposition of hydrated indium nitrate follows the scheme (36) - 334 

The low-temperature form of (NH4)31n(S04)3 is monoclinic, space 

group i?2l/c_ The indium atoms have distorted octahedral coordination, 

with an average In-O distance of 2.1252. These units are linked 

to give In(S04)3- columns of pseudo-trigonal symmetry. 335 

In203 or In(N03)3. 5H20 both react with V205 to form only one 

indium vanadate, InV04. This was found to have three crystalline 

modifications, with transformation temperatures: InVO4 (amorphous) 
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541oc, InVO4(1) -a> InVf4(11) 716oc, 'InV04(111). The last 

melts incongruently at 1134OC. Thallium(II1) gives T1V04 in only 

one form, isotypic with InV04(III). 336 

The low-temperature form of InV04 forms orthorhombic crystals 

(space group Cmcm). The structure is built up of chains of 

InO octahedra, linked by V04 groups. The 6 oxygen atoms are all 

at 2.1608 from the indium, but the In0 is not a regular octahedra 
6337 - 

having a symmetry approximating to D2h_ 

The equilibrium diagram for the FeS-In2S3 system has been 

constructed by DTA, microstructural examinations, X-ray diffraction 

and microhardness measurements. The spinel-type compound 

FeIn2S4 is formed. 
338 Phase diagrams have also heen determined 

for the CoS-In2S3 and NiS-In2S3 systems. 

congruent compounds MIn S (M=Co or Ni) are 
2 439 

by solid phase reactions. 

The previously known 

formed most rapidly 

The hitherto unknown compounds Rb61n2S6 and Rb41n2S5 are formed 

by a disnronortionation reaction, starting from Rb and Ins. The 

Rb41n2S5 forms triclinic crystals (space group Fi), while 

Rb61n2S6 forms monoclinic crystals (C2/m). The In2S6 
6- 

unit is 

the basis of both structures (i-e- two edge-sharing Ins4 tetrahedra)_ 340 

The space group of crystalline In5S4 is Pa3. It possesses a 

three-dimensional network structure, built up from corner-sharing 

In2S3 tetrahedra (one In at the centre, and the second In at the 

common corner of 4 tetrahedra). 
341 

CuIn5S8 forms cubic crystals, space group Fz3m, with a spinel- 

type structure. This paper confirms earlier, preliminary 

conclusions- 342 
Bi31n5S12 crystals are monoclinic; with space 

group C2/m. The structure is built up of irregular In/S tetra- 

hedra, with mono- and bicapped trigonal Bi/S prisms, forming chains 

along the y axis. 
343 

The As2S3 -1nSe system has been investigated, and the phase 

diagram constructed. Two comuounds - 
344 

InAs2S3Se and In3As2S3Se3 - 

were observed. 

Equilibrium diagrams were constructed for the PbIn2Se4-Se and 

InSe-PbIn2Se4 sections of the In-Ph-Se system. The InSe primary 

crystallisation field occupies the largest area. 345 
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3.4.3 Indium Halides 

Raman snectra have been ohtained (at uo to 1200K) from-the 

vanours over liquid indium halides, InAlX 4 and "InX2" (X=Cl or Br). 

InX vanours give O,Q and S vibration/rotation contours, with 

maxima at 305 cm -I. (X=Cl) , or 213 cm 
-1 

(X=Br). Pure rotational 

contours were also seen. Over InX2 and InA1X4, the results show 

that the complexes exist in the vapour, but that some dissociation, 

InBX4(q) + InX(g) + BX3(g) 

(X=Cl or Br) 

__. (37) 

equation (371, also occurs.346 

L2InCl (where L=2-[(dimethylamino)methyl]phenyl) is formed from 

LiL and InCl 3 in ether solution. The complex forms orthorhombic 

crystals (snace group P212121). The indium has distorted trigonal- 

bipyramidal geometry, with an InC2C1 equatorial plane (In-Cl= 

2.465(1)2; In-C(1)=2.144(3)2; In-C(2)=2.154(3)2), and apical In-N 

bonds (In-X(1)=2.4422, In-N(2)=2.4828).347 

Phase diagrams have been constructed for the systems InCIJ-MC12- 

H o, 2 
where Y=Be, Yg, Ca, Sr, Ba, Zn, Cd or Hg. In many cases 

it was not possible to confirm the existence of previously reported 

double salts. The only double salts definitely detected were 

2BeC12_InC13_(4-5)H20; MgC12_InC13. (6-8)~~0 and CaC12.1nC1 3.7H20.348 

Electrochemical oxidation of indium metal in cells of the type: 

Pt_/RX + CH3CN/In+ produces RInX2 compounds. If 2,2'-bipy is 

present, then the products are the adducts RInX2.bipy (R=Me,Et,Ph, 

CH2Ph; X=Cl,Br or I - but not in all combinations). 
349 

Investigation of the extraction systems TOAHfX-/benzene-InX3-HX 

(where X=Br or I) showed that TOAH+InX4- and TOAHfInX4- .TOAH+X- 

were nresent in the organic phase (TOA=tri-n-octylamine).350 

The inAium(I1) compounds In2X6 2- (where X=Cl,Br or I) and 

halogen (Y 2;where Y=Cl,Er or I) give anionic mixed halogeno- 

complexes, InX3Y-_ In(I) ions are oxidised similarly, to give 

InX2Y2 . Infrared and Ram:n data confirm that all are monomeric 

mixed-iigand species. Typical figures are:[InC13Brl-, C3v symmetry: 

(Al) vl,320; ~~'226; v3,103 cm-'; (B)v4, 330; v5,113; v6, 80 cm-'; 

EnBr212r Cav symmetry: (Al)vl, 215; v2, 149; 
-1 v3' 

77; v4 (60 - 

calculated); v 51 cm_1_351 5, 48 cm ; (Bl/B2) v6' 229; v7# 187; ~8' 65: Vgr 
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Ether, pyridine and aniline adducts of.the mixed halogen complex 

acids HInX31 (X=Cl or Br) have been repor-ted. They were character- 

ised by analytical, conductometric, spectroscopic (infrared, 

ultraviolet) and X-ray powder diffraction data. 
352 

115 
In n-m-r. results have been reported for InX4-; 

2- 
In2X6 i 

InX4- + X-; InX3Y-; InX2Y2 , where XfY=Cl,Br or I, in various non- 

aoueous solvents- The results confirmed and extended previous 

work.353 

Cl 

'. I Cl 
-_ .- __ 

Hc;, \ 

n 

2 I 
Cl 

Cl 

Raman and infrared snectra have been reported for K21nC15.H20. 

The symmetry of the [InC15(H20)]- anion is Cav, and a complete 

assignment of the skeletal modes was proposed, by comparison with 

K31nC16.H20, K21nC15 and K21nC15.D20. The crystal structure 

shows the anion to be (lOl), with In-0=2.210(5)8 and In-Cl in the 

range 2.4658 to 2.4868.354 

K[InRr4(H20)2] forms monoclinic crystals, space group P21/c- 

Discrete [InBr4(H20)2]- ions are present: the H20 molecules lie 

trans, and the In-O distance is 2.2612, with In-Br distances of 

2.606 and 2.621F1.355 

Interactions in the In-I-Te system have been studied by DTA, 

X-ray diffraction etc. The phase diagram was constructed, and the 

compound InTeI identified. 
356 

3.4.4 Other Indium Compounds 

InC13 and GaCl 3 react with Li[CH(SiMe3)2] (=LiR) to form white, 

crystalline MR3 (Y=Ga or In). InBr or InCl (in diethyl ether) 

react with Li[N(SiMe3)21 or InBr (in diethyl ether) with LiR give 

only metallic indium, together with organic derivatives. The 

crystal structure of In[CH(SiMe3)2]3 has been determined. Discrete 

monomers are present, and thus this is the first crystallographically 

authenticated example of a monomeric heavy Group 3 metal trialkyl. 
357 

Cu7 In 3 forms triclinic crystals (space group pi). The indium 

atoms form an approximate layer arrangement (also containing some 

Cu atoms). The remaining copper atoms are situated roughly half- 

way between these layers. 
358 
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InMosSeS and In2M15Se19 are hoth rhombohedral (space groups R3, 

R3c respectively. The former is isostructural with PbMo6S8, while 

;he latter is a stacking variant of the hexagonal In,,3Mo15Se19 

ohase. 
359 

3.5 THALLIUM 

3.5.1 Thallium(I) Compounds 

Cyclopentadienylthallium(1) reacts with several electrophilic 

olefins to give new organothallium(1) derivatives. Thus, with 

tetracyanoethylene, Tl+[C5H5C(CN)C(CN)21- is formed, while l,l- 

dicyano-2,2-bis(trifluoromethyl)ethylene gives Tl+[C5H4C(CF3)2CH(CN)2j- 

Both products are useful synthetic reagents in the field of metallo- 

cene chemistry. 
360 

A germylmercury complex of thallium(I) can be prepared according 

2[(C6F5)3Ge]2Hg + Tl ,zFc 5& Hg + 2[(C6F5)3Ge]2Hg.Tl[Ge(C6F5)X] 
I 

. . . (38) 

to equation (38). The product is actually present as a DMR (= di- 

methoxyethane) adduct. 
361 

The formation of soluble complexes of Tl(1) with carbonate ions, 

in solutions containing 0.5 to l.OM Na2C03 at 20.00 + O.Ol°C, 1=3.4 - 

and pH = 12.5 .+ 0.1, has been studied. - T1(C03)- and T1(C03J2 
3- 

are both formed, with (average) values of the cumulative stability 

constants: 3.23 + 0.33 and 1.30 2 0.38 respectively. 362 

(NH4)0.67T10.33H2P04 
forms tetragonal crystals, space group Iz2d. 

They are isostructural with (NH4)H2P04.363 

Thallium(I) tetra-acetatothallate(III), T1[T1(C2H 0 ) 1, crystals 

are monoclinic, soace group P21/c. The anions Tl 
I?12 4 

(CH3C02)4 

contain bidentate acetate-groups, and they are linked together by 

seven-coordinate Tl 
f 

ions (Tl*-0 = 2.88 to 3.152). The Tlf lone 

pair shows no stereoactivity. This is consistent with a hypothesis 

which suggests that Tll will form short bonds, have a small coordin- 

ation number and a stereoactive lone pair when the counter-ion is a 

strong base. Otherwise, the bonds will be long, the coordination 

number z.6, and the lone pair will show no stereoactivity. 
364 

The crystal structure of thallium(I) tellurite(IV) has been 

determined. It is orthorhombic, space group Pban, and the lone 

pair of Tlf is stereochemically significant. There are two types 

of Tic in the structure: Tl 
365 

(lJ03L and T1(2J04L (where L represents 

a lone pair). 
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T12Cr208 is formed by the reaction of Tl 
2 
Cr 0 
II2 7 

with a large 

excess of Cr03_ It is formulated as Tl'Tl (Cr0412. 
366 

Yultinuclear n-m-r. experiments have been carried out on l,lO- 

diaza-18-crown-6 macrocyclic complexes with Tl+ (also Li+, Na+ and 

Cs+). Tl+ forms the most stable complexes of the series. 367 

The kinetics of dissociation have been measured for the thallium 

cryptates (221Tl)+, and (222Tl)+ in water and in MeOH/H20(90/10) 

mixtures, in the temperature range S°C to 35OC. Their behaviour 

was compared with that of (222K).* The liqands are (102,m=l,n=O): 

221, and (E, m=n=1):222.368 

\ 

-\ 
Tl 
\ 

Ph3P NCS-Tl-SCN 

\/ 
co 

NCS - Tl - SCN / 'E'Ph 
3 

205T1 n m r . . . spectra have been reported for toluene solutions of 

eleven Tl I alkoxides (including 5 Previously unreported compounds), 

Tl(OR), where R=Et,n-Pr,n-Bu, n-C H 
5 11' 

n-C6H13, CHMe2, CH(Me) (CH212Me, 

CH (Me) (CH2j3Me, CH2CHMe2, CMe2CH2Me or CH2Ph. All of the spectra 

were consistent with a predominance of tetram;;;,[fT:;;R)34] in 

solution. Three-line spectra resulted from Tl spin-spin 

couoling. The coupling constant J( 
203Tl_205 

Tl) was in the range 

2170-2769Hz.36g 

CO[TUSCN)~]~ has been prepared from Co(NCSj2 and TlSCN in 

CH2C12 solution. Its infrared spectrum shows that only bridging 

NCS groups are present, suggesting the polymeric structure (1031, 

analogous to Co[Aq(SCN)2]. Evidence was presented for the 

formation of adducts with a number of Lewis bases e.g. monomeric 
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Co[Tl(SCN)2]2.2PPh3, (DJ).370 

Fusion of a stoichiometric mixture of T12S,PbS and GeS2 produces 

monoclinic crystals of T12PbGeS4 (space group P21/a). The 

structure is built up of GeS4 
2- 

tetrahedra, held together by Tl+ 

and Pb2+ cations. The thallium ions are eight-coordinated by 

sulphurs, at distances between 3.085 and 4.0558, to give a very 

irregular coordination polyhedron. 
371 

T12Y09S11 belongs to the space group R?, and its structure 

consists of chains: Mo6S8-Tl-Tl-Mo12S14. There are 2 different 

types of Tl atoms, one 7- and the other 8-coordinate (by sulphur 

atoms). The Tl-Tl distance is 3.S72(2)a.372 T12Fe3S4 can be 

orepared from a TlS/Fe/S mixture. The crystals are orthorhombic 

(space group Ibarn). The coordination polyhedra about Tl' is a 

distorted cube of sulphur atoms. 
373 Monoclinic (C2/m)T1Cu3S2 

crystallises with the CsAg S -type of structure. 

are present, with the Tl 
+32 

cu4s4 "tubes" 

ions between the resultant sheets. The 

Tl + ions are irregularly 7-coordinate (by sulphur atoms). 
374 

T1(I)U(IV)F5 forms monoclinic crystals (space group PZl/c). 

The structure contains sheets in which the uranium is nine- 

coordinate (a tricapped trigonal prism). The Tl" ions also have 

nine nearest neighbour fluorine atoms_ 375 

X-ray photoelectron spectra have been reported for TlX (X=Cl or 

Br) in their simnle cubic and face-centred cubic crystallographic 

modifications. The two forms give distinctly different spectra. 
376 

TIHgsC1ll (one of a series of MHg5Xl1, where M=T1,K,Rb,Cs,NH4; 

X=Cl or Br; phases) forms monoclinic crystals, belonging to the 

3 ). space group3;;/m (CZh It is best formulated as a double salt: 

T1X.5HqC12. Tl10Hg3=16, on the other hand, forms tetragonal 

crystals (14/m). It consists of HgC14 tetrahedra and linear HgC12 

units (with four longer Hg-Cl bonds to give a distorted octahedron). 

The structure is closely related to that of T14HgX6 (where X=Br or 

I)_378 

Rhombic "a-T12C13" has been shown by X-ray diffraction to be 

the mixed valence species Tl$ Tl II%1 is 7-9 coordinated 

by Cl atoms (at 306-383 pm); the ,lIlI- The T1l 
has octahedral 6-coordination 

by Cl's (250-265pm).37g 

Phase equilibria have been studied in the M12-TlI (where M=Sn or 

Pb) systems. A number of compounds were identified, including 

TlMI which are isostructural, belonging to the space group Cmcm. 
380 

3' 
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3.5.2 Thallium(II1) Comnounds 
_I ..Y 
53 and i'C n-m-r. parameters have been reported for the organo- 

thallium(III) derivatives ET1X2 and R2T1X, where R=Me3CCH2 or 

Ye3SiCH2; X=Cl, Br or 02CCHMe2_ The crystal structure of 

[Ye3SiCH2?2TlCl was also determined; the molecule is dimeric, with 

each four-coordinate Tl bonded unequally to two bridging Cl atoms. 
381 

An X-ray diffraction study shows that (nHC6F4)2TlCl(OPPh3) is 

dimeric, again with unsymmetrical chlorine bridging, i.e. Tl-Cl= 

2.5412, Tl-C1'=2.936% The thallium atoms are approximately 

trigonal bipyramidal, the equatorial positions being filled by two 

carbon atoms and the more tightly bound chlorine. 
382 

The hydrolysis constants of Tl(II1) in aqueous acetonitrile have 

been determined over a range of CH3CN concentrations. The rate 

of hydrolysis increases with increased [CH3CNj.3a3 The kinetics 

of reduction of Tl(II1) by acetamide, formamide and N-methyl 

formamide have been studied at 70°C, in acidic perchlorate media. 

All rates are first order in each reactant, but independent of the 

concentrations of Tl 
I 

or NaClO 
4' 

A free radical mechanism was 

proposed. 
384 

Crystal and molecular structures have been determined for 

diethyldithiocarbamatodiphenylthallium~II1~ and diphenyltropolonato- 

thallium(II1). The former is orthorhombic, space group Pca21, 

and contains monomers. The thallium is four-coordinate, with a 

C-Tl-C angle of 148O. The latter compound is triclinic (Pi), 

containing dimers, with five-coordinate thallium, bridging oxygen 

atoms, and a C-Tl-C angle of 163 
0 385 
. 

R 
\ 
c=o 

0’ 
0 
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Palladium(I1) and thallium(II1) carboxylates react to give 

PdTl(02CR)5, where R=Me,Et or i-Pr, or PdT1(02CR)2(02CR')3, where 

R=Me, Et, i-P;, Ph; R'=Me, Et or i-Pr. These are the first 

examples of heterobinuclear palladium compounds lacking CO or 

phosphine ligands. The 1H and 13C n-m-r. data suggested that the 

PdT1(02CR)5 species had the structure (105).386 

TlC13 reacts with RLi to form TlR2Cl (where R=C6F5, m- or p- 

C6F4H, 2,4,6-C6F3H2, p-C6FH4 or m-CF3C6H4). 
387 

TlR2X, T1X3 and 

(TlX4)- react with RLi (where R=C6F5 or C6C15) to give anions of 

the types: (T1R4)-, (TlR2R;) - or (T1R6)3-. TlCl and (T1R4)- 

give (y-Cl)T1R2C112 (where R=CgF5) or (T1RC131' (where R=CSC15)_ 

Addition of X- (X=Br or SCN) to Tl(C6C15)3 produces [T1(C6C15)3X]-.388 

A separate report has been made of the preparations and properties 

of R2TlX and R2LTlX, where R=C6F5, o- or p-C6F4H; X=Br or Cl: 

L=Ph3P0, bioy or Ph3P. R2TlX are monomeric in acetone, and in 

this solvent R2LTlX undergo partial dissociation, with loss of L. 

R2TlX are dimeric in benzene, while R2LTlX (L=Ph3P0 or bipy) show 

slight association. Solid R2TlX are polymeric, with five-coordinate 

thallium_ Solid 92TlX are dimeric, 

coordinate thallium_ 

with 5-(L=Ph3PO) or 6-(L=bipy) 

These are inconsistent with previous reports 

of structures for the pentafluorophenyl derivatives. 
389 

The structure of (106) was revealed by X-ray crystallography_ 

The Tl-Cl distances are in the range 2.364-2.4522, with Tl-0 2.36 

and 2.408.3go 

N 
C 

b 0 
N 
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KTlCl4 forms tetragonal crystals, space group 141/a. The 

coordination at the thallium gives a distorted tetrahedron, with a 

Tl-Cl distance (average) of 2.433(3)2, and Cl-Tl-Cl angles of 

106.9(l)" and 114.8(1)".3g1 Na3T1C16. 12H20 forms trigonal crystals, 

space group R?m. The thallium is coordinated by six chlorines, to 

give a slightly distorted octahedron (average Tl-Cl distance 

2.593(3)%.3g2 

A previously reported preparation of (p~H)~Tlcl~ has now been 

shown to give instead the well-known species (PYH)~T~~C~~.~'~ 

Crystals of KT1Br4.2H20 are cubic, space group Fm3c. Discrete 

TlBr4- ions are present, with a Tl-Br distance of 2.554(3)~. 

They are very close to being regular tetrahedral.3g4 

3.5.3 Other Thallium Compounds 

The gaseous T12 molecule has been identified by Knudsen cell mass 

snectral experiments. Its dissociation energy was measured, and 

found to be Dz(T12)=60.7kJ mol 
-1 

, with an overall uncertainty of 

not more than 16 kJ mol 
-1 395 

_ 

The Pb-S-T1 phase diagram has been studied by D-T-A., X-ray 

diffraction, microhardness and e-m-f. measurements. Equilibrium 

diagrams of the Tl S -PbS, TlS-PbS, Tl2S-Pb and TlPb-S sections 

were constructed. 
3463 



168 

REFERENCES 

1 W.C. Herndon and M-L. Ellzev, Inorg.Nucl.Chem.Lett., 16(19801 361. 
2 T. Fjeldberg, G. Gundersen, T. Jonvik, H-M. Seip and S. Saebd. 

Acta Chem.Scand., A34 (1980) 547. 

3 S. Nagase, N.K. Ray and K. Morokuma, J.Am.Chem.Soc., 102(198014536. 
4 A-1. Garbunov and 0-D. Kuleshova, Russ.J.Inorg.Chem., 24(197911008. 
5 A. Hartford Jr. and J.H. Atellcio, Inorg.Chem., 19(198013060. 
6 M. Kameda and G. Kodama, J.Am.Chem.Soc., iO2(1980)3647. 
7 t-l. Kameda and G_ Kodama, Inorg.Chem_, 19(198012288. 
8 D.A. Kleiner, J. Bicerano and W-N. Lipscomb, Inorg.Chem., 19(19801 

216. 
9 J.D. Odom and T-F. Moore, Inorg.Chem., 19(1980)2651. 
10 P. Brint and T.R. Spalding, J.Chem.Soc.Dalton Trans., (198011236. 
11 A.J. Zozulin, H-J. Jakobsen, T.F. Moore, A.R. Garber and J-D. Odom, 

J.Yag.Resonance, 41(1980)458. 
12 G.A. Kline and R.F. Porter, Inorq.Chem., 19(19801447. 
13 D-F. Gaines and M-W. Jorgenson, Inorg.Chem., 19(198011398. 
14 J-H_ Morris and D. Reed, J.Chem.Res.(S), (19801380. 
15 E-1. Tolpin, E. Mizusawa, D-S. Becker and J. Venzel, Inorg.Chem., 

19(1980)1182. 
16 E. Mizusawa, S-E_ Rudnick and K. Eriks, Inorg.Chem., 19(1980)1188_ 

17 S-K_ Boocock, N-N_ Greenwood, J-D_ Kennedy. W-S_ McDonald and 
J_ Staves, J_Chem.Soc.Dalton Trans., (19801790. 

18 J.D. Kennedy and N-N. Greenwood, Inorg.Chim.Acta, 38(1980193. 
19 W-N. Lipscomb, Inorg.Chem., 19(1980)1415. 
20 s. Brownstein, J.Chem.Soc.Chem.Comm., (19801149. 
21 0-D. Kuleshova and A-1. Gorbunov, Russ.J.Inorg.Chem., 25(1980)215. 

22 V.N. Konoplev, Russ.J.Inorg.Chem., 25(1980)318. 
23 V.N. Konoplev, Russ.J.Inorg.Chem., 25(1980)964. 
24 H.E. Evans and W-H. Weinberg, J.Am.Chem.Soc., 102(1980)872. 
25 H-E. Evans and W.H. Weinberg, J.Am.Chem.Soc., 102(198012548. 
26 H.E. Evans and W.H. Weinberg, J.Am.Chem.Soc., 102(198012554. 

27 J-L_ Atwood, W.E. Hunter, E. Carmona-Guzman and G. Wilkinson, 
J.Chem.Soc.Dalton Trans., (19801467. 

28 J-C_ Bommer and K.W. Morse, Inorg.Chem., 19(1980)587. 
29 B-E. Green, C.H.L. Kennard, C.J. Hawkins, G. Smith, B.D. James 

and A-H_ White, Acta Crystallogr., B36(198012407. 
30 u. Nirsaidov, A. Kurbonenko and Kh.Sh. Dzhuraev, Russ.J.Inorg_ 

Chem., 24(1979)1589: 
31 D. Mirsaidov, T.G. Rotenberg and Ya. Samiev, Ruds.J.Inorg.Chem., 

24(197911106. 
32 N. Ghiassee, P.G. Clay and G.N. Walton, Inorg.Nucl.Chem.Lett., 

16(19801149. 

33 R.H. Banks, N.M. Edelstein, B. Spencer, D.H. Templeton and 
A. Zalkin, J.Am.Chem.Soc., 102(19801620. 

34 R.H. Banks and N-M. Edelstein, J.Chem.Phys., 73(198013589. 
35 N.N. Greenwood, J-D. Kennedy and D. Reed, J.Chem.Soc.Dalton Trans., 

(19801196. 

36 M-W. Chen, J-C. Calabrcse, D-F. Gaines and D.F. Hillenbrand, J-Am. 
Chem.Soc., 102(198014928. 

37 M.W. Chen, D.F. Gaines and L.G. Hoard, Inorg.Chem., 19(1980)2989. 
38 G.J. Zimmerman, L.W. Hall and L-G. Sneddon, Inorg.Chem., 19(1980) 

3642. 
39 D.M.P. Mingos and A.J. Welch, J..Chem.Soc.Dalton Trans., (198011674. 
40 E-H- Wong and R-M_ Kabbani, Inorg.Chem., i9(1980)451. 
41 J.D. Kennedy and B. Wrackmeyer, J.Mag.Resonance, 38(1980)529. 
42 S.K. Boocock, N.N. Greenwood and J-D. Kennedy, J.Chem.Soc.Chem. 

Comm., (19801305. 
43 G. Shoham, D. Schomburg and W.N. Lipscomb, Cryst.Struct_Commun., 

9 (1980) 429. 



169 

44 V.V. Volkov and 1-S. Posnaya, Russ.J.Inorg.Chem., 24(1979)1571. 
45 N.A. Zhukova, N.T. Kuznetsov, K.A. Solntsev, Yu. A. Ustynyuk 

and Yu.K. Grishin, Russ.J.Inorg.Chem., 25(19801378. 
46 N.A. Zhukova, N.T. Kuznetsov and K-A. Solntsev, Russ.J.Inorg. 

Chem., 25(1980)513. 
47 M.J.S. Dewar and '4-L. McKee, Inorg.Chem., 19(1980)2662. 
48 E.L. Andersen, R.L. DeKock and T.P. Fehlner, J.Am.Chem.Soc., 102 

(198012644. 
49 T.P. Fehlner, J.Am.Chem.Soc., 102(198013424. 
50 R. Wilczynski and L.G. Sneddon, J.Am.Chem.Soc., 102(198012857. 

51 G. Siwapinyoyos and T. Onak, J.Am.Chem.Soc., 102(19801420. 
52 D.C. Finster, W.C. Hutton and R.N. Grimes, J.Am.Chen.Soc., 102 

(19801400_ 
53 D.A. Dixon, Inorg.Chem., 19(19801593. 
54 c. Takimoto, G. Siwapinyoyos, K. Fuller, A-P. Fung, L. Liauw, 

W _ Jarvis, G. Millhauser and T. Onak, Inorq.Chem., 19(1986)107. 
55 A.M. Rarriola, T.P. Hannsa and L.J. Todd, Inorg.Chem., 19(19801 

2801. 
56 J. Bicerano and I:'.N. Linscomb, Inorg.Chem., 19(198011825. 
57 E.G. Atavin, V.S. Mastryukov, A.V. Golubinskii and L.V. Vilkov, 

.J.Yol.Struct., 65(19801259. 

58 11-E. Leonowicz and F.R. Scholer, Inorg.Chem., 19(1980)122. 
59 M.Yu. Antipin, Yu.T. Struchkov, N-1. Kirillova, S-P. Knyazev, 

V-A. Brattsev and V.I. Stanko, Cryst.Struct.Commun., 9(19801599. 
60 G.D. Friesen, A. Barriola. P_ Daluqa, P. Ragatz. J.C. Huffman 

and L.J. Todd, Inorg.Chem., 19 (1980)458. 
61 B.J. Meneghelli, Y. Bower, N. Canter, and R-W. Rudolph, J-An. 

Chem.Soc., 102(1980)4355. 
62 G-D. Friesen, R.L. Kump and L-J. Todd, Inorg.Chem., 19(1980)1485. 

63 T.P. Fehlner, M.Wu, R-J. Menghelli and R-W. Rudolph, Inorg.Chem., 
19(1980)49. 

64 K. MalG. A. Petgina, V. Petfifek, L. Hammel and A. Linek, Acta 
Crystallogr., B36(19801181. 

65 T.J. Klingen, J.Inorg.Mucl.Chem., 42(198011109. 
66 A.G. Scopelianos, J.P. O'Brien and H.R. Allcock, J.Chem.Soc.Chem. 

Comm., (1980)198. 
67 R.N. Grimes, E. Sinn and R.B. Maynard, Inorg.Chem., 19(19f30)2384. 
68 G.K. Barker, fl. Green, M.P. Garcia, F.G.A. Stone, J.-M. Bassett 

and A-J. PJelch, J.Chem.Soc.Chem.Comm., (198011266. 
69 G.K. Barker, M. Green, F.G.A. Stone and A.J. Welch, J.Chem.Soc. 

Dalton Trans., (1980)1186. 
70 N.S. Hosmane and R.N. Grimes, Inorg.Chem., 19(198013482. 
71 G.J. Zimmerman and L-G. Sneddon, Inorg.Chem., 19(1980)3650. 

72 D.A. Brown, M-0. Fanning and N.J. Fitzpatrick, Inorg.Chem., 19 
(198011822. 

73 C.W. Jung, R.T. Baker, C.R. Knobler and M.F. Hawthorne, J-Am. 
Chem.Soc., 102(198015782. 

74 C.W. Jung and M-F. Hawthorne, J.Am.Chem.Soc_, 102(198013024. 
75 G.K. Barker, M. Green, F.G.A. Stone, A.J. Welch and W-C. Wolsey, 

J.Chem.Soc.Chem.Comm., (19801627. 
76 H.M. Colquhoun, T.J. Greenhaigh and M.G.H. Wallbridge, J.Chem- 

Soc.Chem.Comm., (19801192. 

77 R.N. Grimes, E. Sinn and J.R. Pipal, Inorg.Chem., 19(198012087. 
78 R.N. Grimes, W.M. Maxwell, R.B. Maynard and E. Sinn, Inorg.Chem., 

19(1980)2981. 
79 R.B. King, E.K. Nishimura and K.S. RaghuVeer, Inorg.Chem., 19 

(198012478. 
80 T.B. Marder, J.A. Long and M.F. Hawthorne, J.Chem.Soc.Chem.Comm., 

(19801677. 



170 

81 

82 

83 

84 

85 

86 

8-I 

88 

89 

90 

91 

92 

93 

94 

95 

96 
97 

98 
99 
100 

101 

102 
103 
104 

105 
106 

107 

108 

109 
110 
111 
112 
113 

114 
115 
116 

117 

118 

w_c. Kalb, C-N. Kreimendahl, D.C. Busby and M.F. Hawthorne, 
Inorg.Chem., 19(1980)1590. 
J.A. Doi, R.G. Teller and M.F. Hawthorne, J.Chem.Soc.Chem.Comm., 
(1980)80. 
L. Manojlovig-Muir, K.W. Muir and T. Solomun, J.Chem.Soc.Dalton 

Trans., (19801317. 

H. Schmidbaur, G. MUller and G. Blaschke, Chem.Ber., 113(1980) 
1480. 
H. Schmidbaur, G. MBller, B. Milewski-Mahrla and U. Schubert, 

Chem.Ber., 113(1980)2575. 
J.F. Kay, J.H. Morris and n. Reed, J.Chem.Soc.Dalton Trans., 
(198011917. 
D.J. Brauer, II. Burger and G. Pawelke. J.Organometal.Chem., 192 
(19801305. 
L. Hedberg, K_ Hedberg, D.A. Kohler, D-M_ Ritter and V. Schomaker, 

J.Am.Chem.Soc., 102(198013430. 
N.A. Sell, H.M.M_ Shearer and C.B. Spencer, J.Chem.Soc.Chem. 
Comm., (19801711. 
B. Wrackmeyer, Z. Naturforsch., 35b(1980)439. 
J.D. Odom. Z_ Szafram, S-A. Johnston. Y-S. Li and J-R. Durig. 
J.Am.Chem.Soc., 102(1980)7173. 
W.J. Westerhaus, 0. Knop and M. Falk, Can.J.Chem., 58(1980)1355. 
w _ Biffar. H. Ne)th and H. Pommerening, Angew.Chem.Int.Ed.Engl., 
19(1980)56. 
K. Schluter and A. Berndt, Angew.Chem.Int.Ed.Engl.. 19(1980)57. 
G.E. Herberich, E.A. Mints and H. Mliller, J.Organometal.Chem., 
187(1980)17_ 

w . Biffar and H. NL)th, Angew.Chem.Int.Ed.Engl., 19(1980)58. 
H. Mongeot. H-R. Atchekzai. M. Fouassier and M.-T. Forel, 
J.Mol.Struct., 62(1980)35. 
B.C. Hui, Inorg.Chem_, 19(198013185. 
M.J.S. Dewar and M.L. McKee, J.Mol.Struct., 68(1980)105. 
D.P. Emerick, L. Komorowski, J. Lipinski, F-C. Nahm and 
K. Niedenzu, Z.anorg_allg_Chem_, 468(1980)44. 

K.E. Blick, E.B. Bradley, D.P. Emerick and K. Niedenzu, Z.anorg. 
allg.Chem., 467(1980)177. 
H. Nt)th and H. Pommerening, Angew.Chem.Int.Ed.Engl., 19(1980)482. 
w . Haubold and K. ZurmBhl, Chem.Ber., 113(1980)2333. 
B-F_ Spielvogel, M.-K. Das, A.T. McPhail, K.D. Onan and 1-H. Hall, 

J.Am.Chem.Soc., 102(1980)6343. 
M.A. Mathur and G.E. Ryschkewitsch, Inorg.Chem., 19(1980)887. 
M-A. Mathur and G.E. Ryschkewitsch, Xnorg.Chem., 19(1980)3054. 
C.J. Foret, K. R. Korzekwa and D-R. Martin, J_Inorg.Nucl.Chem., 

42(1980)1223. 
C.J. Foret, M. Chuisano, J.D. O'Brien and D.R. Martin, J_Inorg. 
Nucl.Chem., 42(1980)165. 
H. Fusstetter, G. Kopietz and H. NBth. Chem.Ber_. 113(1980)728. 

H. Fusstetter and H_ Ne)th. Chem.Ber_, 113(1980)791_ 
K. Barlos and H. NL)th, Z.Naturforsch., 35b(1980)125. 
W _ Marringgele, Z.anorg.allg.Chem., 467(19801140. 
A. Meller, W. Maringgele and H. Fetzer, Chem.Ber., 113(1980)1950. 
H.C. Brown and B. Singaram, Inorg.Chem., 19(1980)455. 
A. Hinchliffe, J.Mol.Struct., 67(1980)101_ 
J.D. Odom, A.J. Zozulin, S.A. Johnston, J.R. Durig, S. Riethmiller 
and E.J. Stampf, J.Organometal.Chem., 201(1980)351. 
A. Bertoluzza. P. Monti, M-A_ Battaglia and S. Bonora, J.Mol_ 
Struct., 64(19801123. 
V-G_ Skvortsov, R-S. Tsekhanskii, A-K. Molodkin and 0-V. Petrova, 
Russ.J_Inorg_Chem_, 24(1979)1241. 



171 

119 

120 
121 

122 

123 
124 

125 

126 
127 
128 

129 

130 
131 

132 

133 

134 
135 

136 
137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 
148 
149 
150 

151 
152 

153 
154 
155 

156 

V.G. Skvortsov, A.K. Molodkin, 0-V. Petrova and G-1. Yakhvarov, 
Russ.J.Inorg.C?.em., 25(1980)486. 
L. Babcock and R. Pizer, Inorg.Chem.. 19(1980)56. 
w _ Biffar, H. Ntith, H_ Pommerening and B. Wrackmeyer, Chem.Ber., 
113(1980)333_ 

G. Mairesse and M. Drache, Acta Crystallogr., B36(198C)2767. 

R.E. Marsh and V. Schomaker, Acta Crystallogr., B36(1980)219. 
P-G. Lenhert, C.M. Lukehart and L-T_ Warfield, Inorg.Chem_, 19 
(1980)2343. 
C.M. Lukehart and L.T. Narfield, J.Organometal.Chem., 187(1980) 
9. 
D.T. Hobbs and C.M. Lukehart, Inorg.Chem., 19(1980)1811. 
C-M_ Lukehart and L-T. Warfield, Inorg.Chim.Acta, 41(1980)105. 
A-1. Kement'ev, N.G. Rambidi, V.Ya.Simkin, 1-A. Topol', 

B-1. Zhilinskii and N.F. Stepanov, J.Mol.Struct., 68(1980)199. 
G.E. Malrafen, S.R. Samanta and P.N. Krishnan, J.Chem.Phys., 72 
(1980)113. 
L.C. Snyder and Z. Nasserman, J.Chem.Phvs.. 73(1980)998. 
P-F. Rza-Zade. G.M. 

_ - 
Muganlinskaya and D.A. Akhmedova, Russ-J. 

Inorg.Chem., 24(1979)1547. 
P.F. Rza-Zade, and Sh.D. Dzhakhandarov, Russ.J.Inorg.Chem., 25 
(19801291. 
P.F. Rza-Zade, Sh.D. Dzhakhandarov and N.A. Eyubova, Russ.J. 
Inorg.Chem., 25(1980)761. 
L. Richter and F. MUller, Z.anorg.allg.Chem., 467(1380)123. 
D. Hauck and F. MHller, Z.anorg.allg.Chem., 466(1980)163. 
R. Janda and G. Heller, Spectrochim.Acta, 3GA(1980)997. 
V.P. Kochergin, 0-G. Garaeva and R.FJ. Pletnev, Russ.J.Inorg. 
Chem., 24(197911641. 
K.-I. Machida, G.-Y. Adachi and J. Shiokawa, Acta Crystallogr., 
B36(1980)2008. 
V-G. Skvortsov, Sh.V. Sadetdinov, A-K. Molodkin, R.S. Tsekanskii 
and F.P. Spiridonov. Russ_J.Inorg_Chem_, 24(1979)1114. 
V-G. Skvortsov, A-K. Molodkin, Sh.V. Sadetdinov, V.i4. Akimov 
and R.S. Tsekhanskii, Russ.J.Inorg_Chem_, 25(1980)304. 
V-G. Skvortsov, A.K. Molodkin and N.S. Rodionov, Russ.J.Inorg. 
Chem_, 24(1979)1110_ 
V.G. Skvortsov, A. K. Molodkin and N-S. Rodionov, Russ.J.Inorg. 

Chem-, 24(1979)1435. 

V-G. Skvortsov, A-K. Molodkin, N-S. Rodionov and V.I. Xikheilov, 

Russ_J.Inorg.Chem., 24(1979)1733_ 

V-G_ Skvortsov. A-K. Molodkin. N-S. Rodionov and F-R_ Bagantdinova. 
Russ.J.Inorg.Chem., 24(1979)1434. 
K.-I. Machida, G--Y. Adachi, N. Yasuoka, N. Kasai and J. Shiokawa, 
Inorg.Chem., 19(1980) 3807. 
G.K. Abdullaev, Kh.S. Mamedov, G-G. Dzhafarov and 0-A. Aliev, 
Russ.J.Inorg.Chem., 25(1980)198. 
M . Delfino and P.S. Gentile, Inorg.Chim.Acta, 45(19801L109. 
K.H. Lau and D.L. Hildenbrand, J.Chem.Phys., 72(1980)4928. 

J-S_ Hartman and B-D_ McGarvey, Inorg.Chim.Acta, 44(198O)L39. 

J-S_ Hartman and P_ Stilbs, J.Chem.Soc.Dalton Trans., (198011142. 
D. Moots and M. Steffen, Angew.Chem.Int.Ed.Engl., 19(1980)483. 
R-A. Bartsch, P-N_ Juri and J.L. Mills, Inorg.Chim.Acta, 45 
(19801~41. 
E.W. Rothe, B.P. Mathur and G-P. Reck, Inorg.Chem., 19(198o)829. 
R.E. Stimson and D.F. Shriver, Inorg.Chem., 19(1980)1141. 
V.G. Zakzhevskii, A-1. Boldyrev and 0-P. Charkin, Russ.J.Inorg. 
Chem., 25(1980)651. 
V.N. Plakhotnik and V.B. Tul'chinskii, Russ.J.Inorg.Chem.. 25 
(1980)188_ 



172 

157 
158 
159 
160 

161 
162 

163 
164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 
176 

177 

178 
179 

180 
1Rl 

182 

183 

184 
185 

186 

187 
188 

189 

190 
191 

192 
193 
194 

195 

196 

W-F.. Paget and K. Smith, J.Chem_Soc.Chem.Comm., (1980)1169. 
W.B. Maier and R-F. Holland, J.Chem.Phys., 72(1980)6661. 
J.H. Miller and L. Andrew, J.Am.Chem.Soc., 102(1980)4900. 
Y. Gushikem and F. Watari, J.Chem.Soc.Dalton Trans., (1980)2016. 

D. Saulys and J.A. Morrison, Inorg.Chem., 19(1980)3057. 
G.E. Herberich, B. Buller, B. Hessner and W. Oschmann, 
J.Organometal.Chem., 195(1980)253. 
J. Schulse and G. Schmid, Angew.Chem.Int.Ed.Engl., 19(1980)54. 
!-I _ Haubolii and A. Gemmler, Chem.Ber., 113(1980)3352. 

G.E. Herberich, B. Hessner and T.T. Kho, J.Organometal.Chem-, 
197(1980)1. 
G-E. Herberich, B. Hessner. S. Beswetherick, J.A.K. Howard 
and P. Woodward, J.Orqanometal.Chem., 192(1980)421. 
G-E_ Herberich, M. ThBnnesser. and D. Schmitz, J.Organometal. 

Chem., 191(1980)27. 

P. Finocchiaro, A. Recta, F.A. Bottino, F. Bickelhaupt, 
R. van Veen, H. Schenk and J.D. Schagen, J.Am.Chem.Soc., 102 
(1980)5594_ 
S.M. van der Kerk, A-L-M_ van Eekeren and G.J.M. van der Kerk, 
J.Organometal.Chem., 190(198O)C8. 
H. Bock, W. Kaim, P-L. Timns and P. Hawker, Chem.Ber., 113 

(198013196. 
V_ Kaim, H. Bock, P. liawker and P-L_ Timms, J.Chem.Soc.Chem. 
Comm., (19801577. 
PJ _ Siebert, I?. Full, H. Schmidt, J. von Seyerl, M. Halstenberg 

and G. Huttner, J.Organometal.Chem., 191(1980)15. 
H.-O. Berger, II. NBth, G. Rub aqd B. Wrackmeyer, Chem.Ber., 113 
(198011235. 
I_ Cynkier and N. Furmanova, Cryst.Struct.Commun.. 9(1980)307_ 

K. barlos and H_ N8th. Z.Naturforsch., 35b(19803407. 
3-E. Richman, N.-C. Yang and L.L. Andersen. J.Am.Chem.Soc., 102 
(198015790. 
J. Schulze and G. Schmid, J.Organometal.Chem., 193(1980)83. 

W_ Siebert, H. Schmidt and R. Full, Z.Naturforsch., 35b(1980)873. 
J. Rielawski and K. Niedenzu, Inorg.Chem., 19(1980)1090. 
K. Niedenzu and W. Weber, J.Organometal.Chem., 135(1980)25. 
t!.-G. K8hn and A. Meller, Z.Naturforsch., 35b(1980)447. 

K. Barlos and H. Nt)th, 2.Maturforsch., 35b(1980)415. 
D. Mukhonadhyay, 8. Sur and R.G. Bhattacharyya, Inorg.Nucl. 
Chem.Lett_, 16(1980)61. 
H.W. Roesky, S.K. Mehrotra and S. Pohl, Chem.Ber., 113(1980)2063. 

Id. Clegg, M. Noltemeyer, G-M. Sheldrick, W. Maringgele and 

A. Meller, 2.Naturforsch., 35b(198011499. 
P. Rupani. A. Singh, A-K. Rai end R-C_ Mehrotra, J.Inorg.Nucl. 
Chem., 42(1980)1113. 
E. Hohaus, Monatsh., 111(1980)863. 

E. Hohaus and K. Wessendorf, Z.Naturforsch.., 35b(1980)319. 
E. Hohaus, W. Riepe and K. Wessendorf, Z_Naturforsch.. 35b 
!1980)316. 
w . Fedder, F. Umland and E. Hohaus, Monatsh.. 111(1980)971. 
W . Fedder, F. Umland and E. Hohaus, Z.anorg.allg.Chem., 471 
!1980)77. 

W _ Maringgele, Z.Naturforsch., 35b(1980)164. 
R. Goetze and H. Ne)th, Z.Naturforsch., 35b(1980)1212. 
H. Fusstetter, H. NBth, K. Peters, H.G. von Schnerin and 
J.C. Huffman, Chem.Ber., 113(198013881. 
H. NL)th, H. Fusstetter, H. Pommeraning and T_ Traeger, Chem. 
Ber., 113(1980)342. 
W _ Siehert, C. BBhle and C. Kruger, Angew.Chem.Int.Ed.Engl., 
19(1980)746. 



173 

197 

198 

199 
200 

201 

202 

203 
204 

205 

206 
207 

208 

B. Krebs and I?_-U. Hfirter, Angew.Chem.Int.Ed.Engl.. 19(19EO) 
481. 
A_ Kirfel, A_ Gupta and G. 1.1 i 1 1 , Acta Crystallogr-, B36(19EO) 
1311. 
E_ Amherger and H.P. Gerstner, Acta Crystallogr., 936(1980)672. 
E.A. Belahanova, A-1. Vagunin, E.M_ Orlova, I.D. Kolli, 
E-B. Sokclov, and L-S. Sukhmanova, Russ.J.Inorg.Chem., 25(11JEG) 
095. 
H.J. Becher, F. Thevenot and C_ Brodhag, Z.anorg.allg.Chem., 
469(19RC)7. 
D.J. Joyner, 0. Johnson and D-14. Hercules, J.Am.Chem.Soc., 102 
(1?80)1910. 
n.1.;. #ulokozi, J-Less-Common Met., 71(1980)105. 
D.L. Johnson, B.N. Harmon and S.H. Liu, J.Chem.Phys., 73(1980) 

1898. 
K. Aiehle, P. Rogl, E. Uhl and M-J. Sienko, Inorg.Chem., 19 
(19801331fi. 
J. Bauer and 0. Bars, Acta Crystallogr., 836(1980)1540. 
G. Will, F. Pfoiffer, W. SchBfer, J. Etcurneau and R. Georges, 
Rev,Chim_Min_, 17(1980)533. 
H.F. Rraun and K. Avon, Acta Crystallogr., B36(1980)2400. 

209 P. Rogl, Monatsh., 111(19RO)517. 
210 H.A. Kurtz and K.D. Jordan, J.Am_Chan.Soc.. 102(1980)117'. 
211 v_ Pelissier, J.P. Halrieu, A. Serafini and J.F. Lal.arre, 

"heor.Chim..Acta, 56(1960)175. 
312 A-1. Boldyrev and O.P. Charkin, Puss.J.Incrg.Chec., 25(1980153. 
213 il. Nt)th, Z. NaturFcrs*:h_, 35b(19RO)lL9. 
'14 '5-T_ Barlow, C-J. Dafn. A-J. Downs , P.D.P_ Thomas end D_u.?i.Rankin, 

J.Chem.Soc.Dalton Trans., (1980)1374. 
215 3. Kopf, H.-J. Vollmer and W. Kaminsky, Cryst.Struct.Commun., 

9(1980)985. 

216 D-A. Horne, J.Am.Chem.Soc_, 102(1980)6011. 

217 D-J. Fox, D. Ray, P-C. Ruhesin and H.F. Schaefer, J.Chem.Phys., 
73(1980)3246. 

218 R.D. Rogers, L.B. Stone and J.L. Atwood, Cryst.Struct.Comnun., 
9(1380)143. 

219 H. Hoberq, S. Krause and E. Ziegler, J.Organometal.Chem., 184 
(198O)l. 

220 H. Boberg and F. Aznar, ~.ngew.Chem.Int.Ed.Engl.. 19(19301146. 
221 W.H. Ilsley, M.n_ Glick, J-2. Oliver and J-W_ Moore, Inorg. 

Chem., 19(1980)3572. 

222 K.B. Starouicyski, A. Chwojnowski and :<. Kugmierek, J.Organomet. 

Chem., i92I19801147. 
223 H. Hoberg and W. Richter, J.Organometal.Chem-, 195(1?80)347. 

224 H. Hoberg and F. Aznar, J.Orqanometol.Chem., 193(19AD)l55. 
225 B. Hoberg and F. Aznar, J.Organometal.Chem., 193(1980)161. 
226 J. Kopf, W. Kaminsky and H.-J. Volimer, Cryst.Strcct.Commun., 

9(1980)137. 
227 J. Kopf. H--J. Vollmer and W. Kaminsky, Cryst. Struct.Commun., 

9(19801271. 
228 L_ Rt)sch and G. Altnau, J.Organometal.Chem., 195(1980)47. 

229 L. Rt)sch and G. Altnau, Z.Naturforsch., 35b(1980)195. 
230 W. Kaim, J.Organometal.Chem., 201(198O)CS. 
231 EI.J. Zaworotko and J.L. Atwood, Inorg.Chem., 19(19PO)268. 
232 T. Salvatori, G_ Dozzi and S_ Cucinclln, InorS.Chim.Acta, 38 

(19801263. 
233 G. Dozzi, C_ Busetto, T. Salvatori and S. C~~cinclla, J.Organometal. 

Chem., 192(1980)17. 
231 A. Piotrowski, A. Kunlckl and S. Pasynkiewlcz, J.Organcmetal. 

Chem., 18611980)185. 



174 

235 
236 

237 

238 

239 

2 ‘1 0 

241 

2 ‘1 2 

243 

244 

245 

246 
247 

248 

249 

250 

251 

252 

253 

254 

255 
256 

257 

258 

259 

260 
261 

262 

263 

264 

265 

266 

267 

268 

269 

H. Schren and J. Weidleln, Z.anorg.allg.Chem., 465(19801109. 
A.V. Yarkov, V.F. Shevel'kov and A.A. Mal'tsev, Russ.J.Inorg. 

Chen., 25(19801936. 
A.B. Kiss, G. Keresztury and L. Farkas, Spectrochlm.Acta, 36A 
(19801653. 
V.C. Farmer, Spectrochim.Acta, 36A(1980)585. 
S. Amirkhalill, P.B. Hitchcock, J.D. Smith and J.G. Stamper, 

J.Chem.Soc., Dalton Trans., (198012493. 
E.P. Turevskaya, N.Ya. Turova, M.I. Yanovskaya and A.V. Novoselova, 
Russ.J.Inorg.Chem., 24(197911005. 

A. Pietrzykowski, S. Pasynkiewicz and A. Wolifiska, J.Organometal. 
Chem. , 201(1980)89. 
M . Hirayama and K. Kitami, J.Chem.Soc.Chem.Comm., (198011030. 
G.-Y. Lin, C.A. Wilkie and D.T. Haworth, J.Inorg.Nucl.Chem., 
42(198o!loo9. 
A.A. Vashnan, 1-S. Pronin, T.V. Brylkina and V-E. Samsonov, 
Russ.J.Tnorg.Chem., 24(1979)1001. 
S.LM. Arkhipov, N-1. Kishina, G-1. Arkhipova and V.A. Kuzina, 
Russ.J.Inorg.Chem., 24(1979)1266. 
S . M . Arkhipov and N-1. Kishina, Russ.J.Inorg.Chem., 25(19801955. 
A . M . Golub, 1.1. Boldog and P.P. Popel', Russ.J.Inorg_Chem_, 

24(197911792. 
V.V. Pechkovskii, N-1. Gavrilyuk and R.Ya. Mil'nikova, Russ-J. 
Inorg.Chen., 25(1980)997. 
A.-F_ Shihada, B.K. Hassan and A.T. Mohammed, Z.anorg.allg.Chem., 
466(19801139. 
A.E. Merbach, P. Moore, 0-W. Howarth and C.M. McAteer, Inorg. 
Chim.Acta, 39(1980)129. 
t-1 . Drache and J. Heubel, Bull.Soc.Chim.France, I, (19801105. 
T. Chausse, A. Potier and J. Potier, J_Chem_Research.,(Sl,(l980~ 
316. 
Z.K. Nikitina and V.Ya. Rosolovskii, Russ.J.Inorg.Chem., 25 
(1980171. 
Z.K. Nikitina and V.Ya. Rosolovskii, Russ.J.Inorg.Chem., 24(1979) 
1325. 
M. Mortag and K. Mt)ckel, Z.Chem., 20(1980)183. 
K. Sander and Hk. Mbller-Buschbaum, Z.anorg.allg.Chem., 468 
(19801197. 

N. Ishizawa, T. Miyata. I. Minato, F. Marumo and S. Iwai, 
Acta Crystallogr., B36(1980)228. 
V.I. Ivlieva, B.N. Ivanov-Emin, G.Z. Kaziev and T.Yu. Gerasimova, 
Russ.J.Inorg.Chem., 25(1980)1107. 
Y. Gudennec, A. Riou, A. Bonnin and P. Caillet, Rev.Chim.Min., 
17(19801158. 
D. Brodalla and R. Kniep, Z.Naturforsch., 35b(198o3403. 
N.G. Bukun, V.I. Kovalenko, A-V. Baluev, A.M. Supegin and 
E.A. Ukshe, Russ.S_Inorg.Chem_. 25(1980)819. 
J.P. Linsky, T-R. Paul, R.S. Nohr and M.E. Kenney, Inorg.Chem.. 
19(1980)3131. 
V.M. Masalovich and T-A. Pushkareva, Russ.J.Inorg.Chem., 25 
i19801381. 

J.L. Fourquet, F. Plet and R. De Pape, Acta Crystallogr., 936 
(198011997. 
R. Domesle and R. Ho.ppe, Angew.Chem.Int.Ed.Engl., 19(19801489. 

M. Dalibart, J. Derouault, M.-T. Fore1 and P. Caillet, J.Mol. 
struct., 63(1980)233. 
H.A. %ye and L.A. King, Inorg.Nucl.Chem.Lett., 16(19801547. 
R.W. Berg, S. Von Winbush and N.J. Bjerrum, Inorg.Chem., 19 
(198012688. 
R. Huglen, G. Mamantov, G-M. Begun and G-P. Smith, J.Raman 
Spectrosc., 9(19801188. 



175 

270 
271 
272 

273 

274 
275 

276 
277 

278 
279 
280 

281 

282 

283 
284 
285 

286 
287 
288 
289 

R-J. Gale and R-A- Osteryoung, Inorg.Chem., 19(198012240. 
G. Meyer and E. Schwan, Z.Naturforsch_, 35b(1980)117. 
A. Simon, K_ Peters, E--M. Peters, H. Ktinnl and B. Koslowski, 
Z.anorg.allg.Chem., 469 (1980194. 
F. Wallart, A. Lorriaux-Rubbens, G. Mairesse, P. Barbier and 

J-P. Wignacourt. J.Raman Spectrosc.. 9(1980)55. 
H_ Wachter and H_ Schafer, Z.anorg_allg.Chem.. 471(1980)38. 

H. Schafer, M. Binnewies, R. Laumanns and H. WBchter, 2.anorg. 

allg.Chem., 461(1980)31. 
R-W_ Berg and G-N. Papatheodorou, Inorg.Chim.Acta, 45(19801L211. 

K. Mach, H. Antropiusovg and J. Pola/Eek, J.Organometal.Chem., 

194(19801285. 
H. Schafer and 0. Flt)rke, Z.anorg_allg.Chem., 462(19801173. 
H. Schafer and U. Flt)rke, Z.anorg.allg.Chem., 469(1980)172. 
B. Dubois, G. Lancelin and B. Vandorpe, Rev.Chim.Min., 17 
(1980165. 
A. Kontio, E.D. Stevens, P. Coppenn, R.D. Brown, A.E. Dwight 
and J.M. Williams, Acta Crystallogr., B36(1980)435. 
H.-B. Merker, H.Schzfer and B. Krebs, Z.anorg.allg.Chem., 462 
(1980149. 
L. Arnberg and B. Aurivillius, Acta Chem.scand., A34(1980)1_ 
z. Blaiina and Z. Ban, Z.Naturforsch., 35b(1980)1162. 
W. Fries, K. Sille, J. Weidlein and A. Haaland, spectrochim- 
Acta, 36A(19803611. 
T-H. Cymbaluk and R-D. Ernst, Inorg.Chem_, 19(1980)2381. 
K.-D. Fuhrmann and F. Huber, Z.Naturforsch., 35b(198011376. 
O-T_ Beachley Jr. and R-G. Simmons, Inorg.Chem., 19(1980)1021. 

0-T. Beachley Jr. and R.G. Simmons, Inorg.Chem., 19(198013042. 

in 
290 L_ Rt)sch and H_ Neumann, Angew.Chem.Int.Ed.Engl., 19(1980155. 
291 J.R. Durig, K-K. Chatterjee, Y-S. Li, M. Jalilian, A-J. Zozul 

and J-D_ Odom, J.Chem.Phys., 73(1980121. 
292 A. Meller, W. Maringgele and R. Oesterle, Monatsh., lll(19801 

1087. 
293 F. Gerstner, H.-D. Hausen and J. Weidlein, J.Organometal.Chem 

197(19801135. 
294 R-E. Lenkinski, l3.E. Peerce, J.L. Dallas and J-D. Glici.son, 

J_Am_Chem.Soc., 102(1980)131. 

- I 

295 

296 

297 

298 
299 

300 

301 

302 

303 

304 
305 
306 

307 
308 

B.S. Zaitsev, O_V.Ruchnitskaya, M.V. Gorelik and A.K. Molodkin, 
Russ_J.Inorg.Chem., 25(1980)521. 

K.S. Chong, S-J. Rettig, A. Storr and J. Trotter, Can.J.Chem., 
58(198011080_ 
K-S. Chong,.S_J. Rettig, A. Storr and J. Trotter, Can.J.Chem., 
58(198011091. 
K-S. Chong and A_ Storr, Can.J.Chem., 58(1980)2278. 
T. Halder, H--D. Hausen and J. Weidlein, Z.Naturforsch., 35b 
(19801773. 

B-N. Ivanov-Emin, B.E. Zaitsev, G-Z. Kaziev and T.Yu. Gerasimova, 
Russ.J.Inorg_Chem.. 24(1979)1798_ 
B-N. Ivanov-Emin, G.Z. Kaziev, B.E. Zaitsev, V.I. Rybina and 
A-1. Ezhov, Russ.J.Inorg.Chem., 24(1979)1795. 
B. Cros, H_ Kerner-Czeskleba and E. Philippot, Acta Crystallogr., 
B36(198012210. 
N. P. Tomilov, V-E_ Morozovka and A-S. Berger, Russ.J.Inorg.Chem., 
24(1979)1398_ 
W. Mickler and E_ Dhlemann, Z.Chem., 20(19801307. 

R.J. Motekaitis and A.E. Martell, Inorg.Chem-, 19(198011646. 
B. Perlmutter-Hayman, F. Secco, E. Tapuhi and M_ Venturini, 

J.Chem.Soc_Dalton Trans.. (1980)1124. 
0-W. Rollins and C-R. Skolds, J_Inorg.Nucl.Chem., 42(1980)371. 

0-w. Rollins, J.Inorg_Nucl.Chem., 42(1980)1360. 



176 

309 

310 

311 

312 

313 

314 

315 
316 

317 

318 
319 

320 
321 
322 

323 

324 

325 

326 

327 

328 

329 
330 

331 

332 

333 
334 
335 

336 
337 

338 

339 

340 

341 

342 
343 
344 

345 

L-A. Bursill, Acta Crystallogr., B36(198012897_ 

B-N. Ivanov-Emin, V.I. Ivlieva, L.A. Filatenko, M.G. -Sarabiya, 

G-2. Kaziev and R.E. Zaitsev, Russ.J.Inorg.Chem., 25(1980)515. 
A. Mazurier, S. Jaulmes and M. Guittard, Acta Crystallogr., 

B36(1980)1990. 
G-A. Dvoretskov, A-V. Vishnyakov, 0-L. Al'takh and P.V. Kovtunenko, 
Russ.J.Inorg.Chem., 24(1979)1391. 
S-M. Chernykh and V.V. Safonov, Russ.J.Inorg_Chem., 24(197911383. 
w _ .I _ Pietro, B-A_ Levi, W.J. Hehre and R.F. Stewart, Inorg.Chem., 
19(1980)2225_ 
0-T. Beachley Jr_, and R-G. Simmons, Inorg.Chem., 19(19801783. 
D. Giezendanner, S. Sengupta and E-A-C. Lucken, J.Mol.Struct., 
58(1980)229. 
J.-C. Folest, M_ Troupe1 and J. Perichon, Bull.Soc.Chim.France 

I, (1980)181. 
G. Meyer and E. Schwan, Z.anorg.allg.Chem., 468(1980)82. 
T-N. Sevast'yanova, A.Sh_ Tarasova and A.V. Suvorov, Russ-J. 
Inorg.Chem., 24(1979)1288. 
G. Okon, Z.anorg.allg.Chem., 469(1980168. 
C. Belin, Acta Crystallogr., 836(1980)1339. 
M. Ellner, T. GBdecke, G. Duddek and B. Predel, Z_anorg.allg. 
Chem., 463(19801170. 
G. Kimnel , D_ Dayan. A. Grill and J_ Pelleg, J-Less-Common Met., 
75(1980)133. 

H-M-M. Shearer, J. Twiss and K. Wade, J.Organometal.Chem., 184 
(1980)309. 
J-J_ Habeeb. F.F. Said and D-G. Tuck, J.Chem.Soc.Dalton Trans., 
(198011161. 
R-G. Bale, K-M. Lee, A-G. Marshall and J_ Trotter, Inorg.Chem., 

19(1980)1463_ 

A.Ya.Fridman, S-D. Ershova and N.M. Dyatlova, Russ.J.Inorg.Chem., 

24(1979)1058. 
G. Lecomte, J. Protas, P. Cocolios and R. Guilard, Acta 
Crystallogr., B36(1980)2769. 

M-R. Mahmoud, 1-M. Issa and S.A. El-Gyar, Monatsh., lll(19801431. 
N-P. Dergacheva, A-1. Dergachev and V.I. Evdokimov, Russ.J.Inorg_ 
Chem., 24(1979)1446. 
N-V- Porotnikov, O-I_ Kondratov, K-1. Petrov and 1.1. Olikov, 
Russ.J.Inorg.Chem., 25(1980)975. 
N.V. Porotnikov, 0.1. Kondratov and K-1. Petrov, Russ.J.Inorg. 
Chem., 24(1979)1864. 
G-J. Palenik and K-R_ Dymock, Acta Crystallogr., B36(198012059. 
G-E. Revzin and A.A. Yarovoi, Russ.J.Inorg.Chem., 24(1979)1237. 

B. Jolibois, G. Laplace. F. Abraham and G. Nowogrocki, Acta 
Crystallogr., B36(1980)2517. 
M. Touboul and D. Ingrain, J-Less-Common Met., 71(1980)55. 
M . Touboul and P. Toledano, Acta Crystallogr., B36(1980)240. 

P-G. Rustamov, P-K. Babaeva and M-R. Allazov, Russ.J.Inorg. 
Chem., 24(1979)1223. 
H-R_ Allazov, P-K. Babaeva and P.G. Rustamov, Russ.J.Inorg. 

Chem., 25(1980)595. 
H.-J. Deiseroth, Z_Naturforsch.. 35b(1980)953. 
T. Wadsten, L. Arnberg and J.E. Berg, Acta Crystallogr., B36 
(198012220. 
L. Gastaldi and L. Scaramuzza, Acta Crystallogr., 836(1980)2751. 
V. Kramer, Acta Crystallogr., B36(1980)1922. 
P.G. Rustamov, 1.1. Aliev and M.G. Safarov, Russ.J.Inorg.Chem., 
25(1980)597. 
Z.D. Melikova and P.G. Rustamov, Russ.J.Inorg.Chem., 24(19791 
1585. 



177 

346 P.L. Radloff and G.N. Papatheodorou, J.Chem.Phys., 72(19801992. 

347 M_ Khan, R-C_ Steevensz, D-G. Tuck, J-G_ Noltes and P.W.R. Corfield, 
Inorg.Chem., 19(198013407. 

348 E.M. Katzmark, Can_J.Chem_, 58(1980)539. 

349 J-J. Habeeb, F.F. Said and D.G. Tuck, J.Organometal.Chem., 190 
(19801325. 

350 c. Fischer, H_ Wagner and V.V. Bagreev. J_Inorg.Nucl.Chem.. 42 

(19801891. 
351 J.F. Drake, J.L. Hencher, L.N. Khasrou, D.G. Tuck and L. Victoriano, 

Inorg.Chem., 19(1980134. 
352 T.F. Zafiropoulos, S.P. Perlepes, J.K. Kouinis and A.G. Galinos, 

Inorg.Nucl.Chem.Lett., 16(1980)377. 
353 B.R. McGarvey. C-O_ Trudell. D-G_ Tuck and L. Victoriano, Inorg_ 

Chem., 19(1980)3432. 

354 J.P. Wignacourt, A. Lorriaux-Rubbens, P. Barbier. G. Mairesse 
and F. Wallart, Spectrochim.Acta.. 36A(1980)403. 

355 J-P_ Wignacourt, G. Mairesse and P. Barbier, Acta Crystallogr., 

B3611980)669. 
356 V.V. Safonov and S-M. Chernykh, Russ.J.Inorg.Chem., 25(1980)444. 
357 A-J- Carty, M.J.S. Gynane, M.F. Lappert, S-J. Miles, A. Singh 

and N.J. Taylor, Inorg.Chem., 19(198013637. 

358 A-S. Koster, L.R. Wolff and G-J. Visser, Acta Crystallogr., 
B36(198013094. 

359 A. Lipka and K. Yvon, Acta Crystallogr., 836(198012123. 
360 M-B. Freeman and L.G. Sneddon, Inorg.Chem., 19(198011125. 
361 M-N. Bocharev, N-1. Gurev, L.V. Pankratov and G.A. Razuvaev, 

Inorg.Chim.Acta, 44(198O)L59. 
362 A.M. Fedorenko, A-F. Perekhod, V-G. Bobryshcv and V-F. Shul'gin, 

Russ.J.Inorg.Chem., 25(1980)518_ 
363 G. P&pe, Y. Oddon and A. Tranquard, Acta Crystallogr., B36(1980) 

2761. 

364 I.D. Brown and R. Faggiani, Acta Crystallogr., B36(1980)1802. 
365 B. Frit and D. Mercurio, Rev.Chim.Min., 17(19801192. 

366 M. Touboul, A. Heyraud and D. Coulon, Rev.Chim.Min_, 17(19801477. 
367 M. Shamsinur and A-1. Pooov, Inorg.Chim.Acta, 43(1980)243. 
368 R. Gresser, D.W. Boyd, A.M_ Albrecht-Gary and J.P. Schwing, 

J.Am.Chem.Soc., 102(1980)651. 

369 P-J. Burke, R-W. Matthews and D.G. Gillies, J.Chem.Soc.Dalton 
Trans., (198011439. 

370 P-P. Singh, R.C. Verma and N. Singh, J-Less-Common Met., 70(1980) 
155. 

371 G. Eulenberger, Z.Naturforsch., 35b(19801335. 
372 M. Potel, R. Chevrel and M. Sergent, Acta Crystallogr., 836 

(198011319. 
373 M. Zabel and K.-J. Range, Rev.Chin.Min., 17(1980)561. 

374 K. Klepp and K. Yvon, Acta Crystallogr., 836(1980)2389. 
375 D. Avignant, I. Mansouri, R. Sabatier, J.C. Cousseins and 

R. Chevalier, Acta Crystallogr., B36 (1980)664. 
376 L. Porte, J.Chem.Phys., 73(198011104. 
377 K. Brodersen, K.--P. Jensen and G. Thiele, Z.Naturforsch., 35b 

(19801253. 
378 K. Brodersen, K.-P. Jensen and G. Thiele, Z.Naturforsch., 35b 

(19801259. 

379 R. Be)hme, J. Rath, B. Grunwold and G. Thiele, Z.Naturforsch., 
35b(1980)1366_ 

380 E.Yu. Peresh, V.B. Lazarev, U.V. Tsygika, Yu.V. Voroshilov and 
V.S. D'ardyai, Russ.J.Inorg.Chem., 25(1980)759. 

381 F_ Brady, K_ Henrick, R-W_ Matthews and D.G. Gillies, J. 
Organometal-Chem-, 193(1980)21_ 

382 K. Henrick, M- McPartlin, R-W. Matthews, G.B. Deacon and 
R-J. Phillips, J.Organometal.Chem., 193(1980)13. 



178 

383 

384 

385 

386 

387 

388 

389 
390 

391 

392 
393 
394 
395 

396 

Yu_B_ Yakovlev and L-1. Ravlenko, Russ_J_Inorg.Chem_, 24(1979) 
1167. 
F. Ahmad, S_ Kumar and V.S. Baswani, J.Inorg.Nucl.Chem_, 42 
(19801999. 
R.T. Griffin, K. Henrick, R.W. Matthews and M. McPartlin, 

J_Chem_Soc.Dalton Trans., (19801155o. 
A_F.M.J_ van der Ploeg, G. van Koten and K. Vrieze, Inorg. 
Chim.Acta, 38(1980)253_ 
R. Us&n, A. Laguna and T. Cuenca, J.Organometal.Chem., 194(19801 
271. 

R. Us&n, A_ Laguna and J.A. Abard, J.Organometal_Chem_, 194 
(1980)265. 
G.B. Deacon and R-J_ Phillips, J_Organometal_Chem., 199(1980115. 
E. Gutierrez-Puebla, A_ Vegas and S. Garcia-Blanco, Acta 

Crystallogr., 836(1980)145. 
J. Glaser, Acta Chem_Scand_, A34(1980)75_ 
J. Glaser, Acta Chem_Scand., A34(1980)141. 
M.B. Millikan and B.D. James, Inorg.Chim_Acta, 44(19801L93. 
J. Glaser, Acta Chem.Scand_, A34(1980)157_ 
G. Balducci and V. Pracente, J.Chem_Soc., Chem_Comm_, (198011287. 
A.A. Gotuk, M.B. Babanly and A.A. Kuliev, Russ.J.Inorg_Chem_, 
24(197911385. 


