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ABSTRACT 

The cyanides Me2MCN(M = A l , Ga, I n or Tl) were 
prepared from the trimethylmetal and hydrogen cyanide. 
I n contrast to the polymeric boron cyanides, RgBCN, the 
aluminium, gallium, and indium compounds are tetrameric 
i n benzene, and dimethylthallium cyanide i s a s a l t i n 
aqueous solution. Reactions between dimethylberyllium 
(and i t s trimethylamine complex) and hydrogen cyanide were 
also investigated. 

The phosphinates, thiophosphinates, sulphinates, one 
arsinate and carboxylates'of many of the Group I I I metals 
were prepared from reactions between the triraethylmetal 
and the corresponding acid i n an i n e r t solvent (ether or 
benzene). These were s u f f i c i e n t l y v o l a t i l e to be p u r i f i e d 
by vacuiim sublimation. The compounds were a i r - s e n s i t i v e . 
Molecular weights were determined cryoscopically i n benzene 
and the compounds were found to be dimers. The structures 
of these dimers were established on the basis of t h e i r 
i n f r a r e d spectra, as eight-membered r i n g compounds i n which 
the P = 0 or si m i l a r groups participated i n co-ordinate 
bond formation. 

The dithiophosphinates of aluminium, gallium and indium 
were prepared from reactions between the trimethylmetal and 
dimethyldithiophosphinic acid i n an i n e r t solvent. These 
were p u r i f i e d by vacuiim sublimation as colourless c r y s t a l s . 
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Molecular weights were determined cryoscopically i n 
benzene and the compounds were found to be monomers 
(compare the phosphinates, sulphinates etc. which were 
found to be dijners). 

Bimethylaluminium methane-sulphonate and the 
corresponding gallium compound were prepared by simila r 
reactions. They were p u r i f i e d by vacuum sublimation as 
white c r y s t a l l i n e s o l i d s . Molecular weights were determined 
cryoscopically i n benzene and the compounds were found 
to be trimers. 

The inf r a r e d spectra of a l l the compounds prepared 
were investigated and several new assignments f o r d i f f e r e n t 
s t r u c t u r a l features were made. 



I N T R O D U C T I O N 



INTRODUCTION 

I n t h i s section preparative methods f o r the 
t r i a l k y l s of group I I I elements are discussed with 
special reference to t r i m e t h y l s . The properties of these 
tr i m e t h y l s are also included. This i s followed by a 
review of the i n t e r a c t i o n of group I I I t r i a l k y l s w i t h 
donor molecules not containing reactive hydrogen. Much 
i n t e r e s t i n g work has been done on the co-ordination 
chemistry of the halides and hydrides of group I I I 
elements, but discussion of these compounds i s not d i r e c t l y 
relevant to the subject of the present investigation. 
The reactions of group I I I t r i a l k y l s with donor molecules 
containing reactive hydrogen are then reviewed. F i n a l l y 
the objects of the present investigation are described. 

Preparative Methods f o r the T r i a l k y l s of Group I I I Elements. 
The t r i m e t h y l derivatives of group I I I elements are 

spontaneously inflammable, sometimes with explosive 
violence, on exposure to a i r . Therefore, t h e i r preparations 
demand careful a t t e n t i o n to safety and a good deal of 
precautions regarding the design of apparatus employed, 
use of a protective atmosphere of pure i n e r t gas l i k e 
nitrogen or argon,.and the maintenance of rigorously 
anhydrous conditions. D i f f e r e n t preparative methods are 
available f o r these a l k y l s , and they usually d i f f e r i n 
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economy, convenience, and y i e l d . A l l the tr i m e t h y l 
derivatives are v o l a t i l e , and therefore the choice of a 
method from the point of view of p u r i f i c a t i o n i s no 
problem. A suitable choice can sometimes avoid the 
tedious separation of the t r i a l k y l from large quantities 
of the solvent. A preparative method may also be decided 
on the end use of the product. Thus, f o r example, pure 
trimethylalujninium can not be obtained by the Grignard 
reaction, but the etherate can be prepared and used f o r 
the study of displacement reactions with stronger donors 
(e.g. b i p y r i d y l ) . A method involving the use of free 
metal and another organometallic compound can be represented 
by the reversible equilibrium: 

M + M'R , MR + M' 

The reaction which i s not applicable to t r a n s i t i o n metals, 
proceeds to the r i g h t i f M i s more electropositive than M' . 
As a r e s u l t , a more reactive compound i s obtained from a 
less reactive compound. I n theory, a number of organo­
me t a l l i c derivatives should be able to particip a t e i n t h i s 
reaction leading to a group I I I t r i a l k y l . I n practice, 
the d i a l k y l s and d i a r y l s of mercury are the only suitable 
reagents. These mercury compounds are extremely easy to 
prepare, p u r i f y and handle because they are stable i n a i r 
due to small a f f i n i t y of mercury f o r oxygen. A disadvantage 
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i s that the displacement reactions with group I I I elements 
are rather slow (boron and t h a l l i u m cannot be used), a 
f u r t h e r l i m i t a t i o n of the method i s the i n s t a b i l i t y of 
higher and branched-chain mercury a l k y l s . Another method 
of general application i s the reaction between the t r i -
halide and the a l k y l of a more electropositive metal. The 
Grignard reagents or the l i t h i u m alkyls are most commonly 
employed. I n these reactions, a less reactive compound 
i s formed from a more reactive compound, 

A survey of the methods available f o r the synthesis 
of the t r i a l k y l s of the i n d i v i d u a l elements, w i t h special 
reference to t h e i r t r i m e t h y l derivatives follows. 
T r i a l k y l s of Boron. 

The general methods f o r the preparation of the 
t r i a l k y l s of boron are given below: 

(a) I n recent years the al k y l s of aluminium have 
been shown to be a very convenient reagent f o r the pre­
paration of the t r i a l k y l s of boron^}^ An a t t r a c t i v e 
feature of t h i s synthesis i s the exclusion of large 
quantities of solvents. The formation of quaternary 
sa l t s i s also avoided (these are easily formed when 
l i t h i u m reagents are employed and sometimes even w i t h 
Grignard reagents i n the a r y l series). Reactions between 
boron t r i f l u o r i d e and aluminium alkyls do not easily go 
to completion. Triethylborane can be obtained i n about 
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905̂  y i e l d by the reaction between the etherates of 
triethylaluminium and boron t r i f l u o r i d e . Other variations 

(2) 

of t h i s method have been described,' the most satisfactory 
method i s the reaction between a borate ester and an 
a l k y l of aluminium. Triethylaluminium exothermically 
reacts w i t h e t h y l orthoborate to give triethylborane i n 
over 905̂  y i e l d . 

B(OEt)^ + AlEt^ = Al(OEt)^ + BEt^ 
(b) The t r i a l k y l s of boron can be prepared by 

the reaction between a borate ester and Grignard reagents. 
The use of boron t r i f l u o r i d e etherate i s less satisfactory. 

B(0Me)2 + 3MeMgBr = BMê  + 3(MeO)MgBr 

Thus, trimethylborane can be very conveniently obtained by 
the.slow addition of a solution of borate ester i n di-n-
b u t y l ether to the Grignard reagent prepared i n the same 
solvent. Unlike the other t r i m e t h y l derivatives, t r i ­
methylborane (m.p, - 159.85°G, b.p. - 21.8°C) i s a gas 
at room temperature. Therefore, the storage of large 
quantities of the material i s rather inconvenient. I t can 
be easily stored i n combination with trimethylamine. The 
adduct Mê N.BMê  can be p u r i f i e d by sublimation and the 
trimethylborane regenerated by treatment w i t h less than 
the calculated amount of dry hydrogen c h l o r i d e 3 , 4 , 5 ) 
The method (a) described above i s more useful f o r the 
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preparation of t r i e t h y l or higher derivatives because the 
corresponding aluminium a l k y l can be more easily obtained, 
on a large scale, by the reaction between an o l e f i n , hydrogen 
and activated aluminium metal (described l a t e r ) . 

(c) The higher al k y l s of boron can be obtained by 
the reaction between diborane and a suitable o l e f i n . I n 
a t y p i c a l reaction, tri-n-hexylborane was obtained i n 91?̂  
y i e l d by bubbling diborane i n t o a solution of 1-hexene 
i n diglyme [(CH^0CH2CH2)20] at room temperature^ 

B^E^ + 6CH2 = GEiC^E^) = 2B(CgH-L3)3 

(d) The displacement reaction between the boron 
i s o b u t y l derivative and a higher o l e f i n i s another useful 
preparative method f o r higher a l k y l s , as shown below: 

BCCH2CHMe2]3 + 3CH2 = CHCgĤ ^ 
above 120°C 

^^^10^21^ 3 * ̂ ^^2 = 

I n general, a more v o l a t i l e shorter chain o l e f i n i s displaced 
( 1 7 ) 

by a less v o l a t i l e longer chain o l e f i n , ' ' 
T r i a l k y l s of Aluminium. 

The general methods f o r the preparation of t r i a l k y l s 
of aluminium are given below: 

(a) By heating (80-90°C) excess of aluminium with a 
d i a l k y l of mercury, the t r i a l k y l can be o b t a i n e d . ^ T h e 
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exothermic reaction goes to completion i n about a day 
or two. 

2A1 + 3HgMe2 = 2AlMe3 + 3Hg 

This method has been p a r t i c u l a r l y useful i n the past i n 
the a l k y l or aryl^^'"*"^^ series, when other methods f o r 
preparing these compounds were less developed. 

(b) Alkylaluminium sesquihalides can be obtained by 
the reaction between aluminium metal (activated by iodine 
or a l i t t l e aluminium a l k y l ) and an a l k y l halide. ̂  ^ 

2A1 + 3RX = . R3AI2X3 

These sesquihalides are a i r sensitive l i q u i d s at room 
temperature, without any sharp b o i l i n g points, due to the 
fol l o w i n g disproportionation: 

2R3AI2X3 ; ' 2̂"̂-'-2-̂4 4̂̂ 2̂-̂ 2 
The t r i a l k y l derivatives can be obtained by reduction with 
sodium, and sodium-potassium a l l o y during the f i n a l stages 
of the removal of halogen. 

R3AI2X3 + 3Na = . AIR3 + 3NaX + Al 

The use of an a l l o y of aluminium and magnesium has been 
describedl-^^^ 

Al2Mg3 + 6RC1 = 2AIR3 + 3MgCl2 

The method was o r i g i n a l l y used to prepare the etherate of 
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of trimethylaluminium.^'''^^ 
I t has been shown that alkylaluminium sesquiiodides 

disproportionate more easily than the chlorides or bromides, 
givin g a reasonable y i e l d of the t r i a l k y l . Thus, f o r 
example, the products from a reaction between methyl 
iodide and aluminium, can be d i s t i l l e d slowly and the 
trimethylaluminium taken o f f (at reduced pressure) from 
the top of a f r a c t i o n a t i n g column. ̂  "'"̂^ 

Bialkylaluminium chlorides can be obtained by d i s ­
t i l l a t i o n from the corresponding sesquichlorides. From 

(15) 
these, the t r i a l k y l s can be obtained,^ ' as shown by 
the follov/ing equations. 

R^AIGI + NaF = R^AIF + NaCl • 
R^AIF + NaF = Na[R2AlF2] 

200-300°C 
3NaCR2AlF2] > 2A1R^ + Na^AlFg 

The method i s very useful f o r the large-scale preparation 
of trimethylaluminium. 

( c ) The reactions of aliminium hydride and l i t h i u m 
aluminium hydride w i t h o l e f i n s , together with those between 
an o l e f i n , hydrogen and aluminium metal were investigated 
i n the l a s t decade.̂ "''̂ '"'•'̂ ^ Reactions of aluminium hydride 
w i t h terminal, o l e f i n s i s s i m i l a r to that described f o r 
diborane. I t does give a t r i a l k y l but the method i s not 
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very useful because aluminium hydride i s not easy to 
prepare free from ether. I n contrast w i t h boron hydrides, 
the reactions of aluminium hydrides with non-terminal 
o l e f i n s are extremely slow. A dialkylaluminium hydride 
can be used to prepare a mixed t r i a l k y l . The aluminium 
atom of an Al-H bond i s p o s i t i v e l y polarised, therefore, 
i n reactions w i t h a terminal o l e f i n , the alkylated carbon 
i s attacked by the negatively polarised hydrogen atom, 
as shown below: 

H —OE^OE^ + R2A1-H->R2A1(CH2CH2CH^) 

These mixed t r i a l k y l s usually disproportionate i n t o the 
i n d i v i d u a l t r i a l k y l s . A reaction between l i t h i u m aluminium 
hydride and ethylene at about 100°C, under pressure, gives 
a quaternary s a l t . 

LiAlH^ + ^O^E^ = l i A l E t ^ 

The quaternary s a l t may be washed with cold pentane to 
remove any polymer formed, and treated with a suspension 
of aluminium chloride i n an i n e r t solvent, to form the 
t r i e t h y l . 
3LiAlEt^ + AICI3 - 4AlEt3 + 3LiCl 

The higher a l k y l s , f o r example, the t r i e t h y l can be 
obtained by a high pressure reaction at about lOO^C, '"between 
an o l e f i n , hydrogen and aluminium (s u i t a b l y activated, 
f o r example, by a g i t a t i o n w i t h triethylaluminium). 
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2A1 + + eC^E^ = 2AlEt^ 

This method i s very useful f o r the preparation of many 
of the t r i a l k y l s p a r t i c u l a r l y the t r i e t h y l and t r i - i s o -
b u t y l , but t rime thy laluminium cannot be obtained by t h i s 
reaction. 
T r i a l k y l s of Gallium. 

The general methods f o r the preparation of the t r i ­
a l k y l s of gallium are given below: 

f 18) 
(a) Good y i e l d s were reported^ f o r t r i e t h y l -

gallium (809̂ 0) from the t r a n s a l k y l a t i o n reaction between 
gallium t r i c h l o r i d e and triethylaluminium. A t y p i c a l 
reaction sequence i s shown below: 

GaCl^ + 3AlEt^ = GaEt^ + 3AlEt2Cl 
GaCl^ + 3AlEt2Cl = Ga[AlEt2Cl2]3 
2GaCl3 + 3AlEt3 = GaEt^ + GaCAlEt2Gl2]^ 
GaCAlEt2Gl2]3 + 3KC1 = GaCl3 + 3K[AlEt2Cl2] 
GaCl^ + 3AIR3 + 3KC1 = GaR̂  + 3K[ AlJ5^2^l2-' 

Final p u r i f i c a t i o n of GaR̂  from admixed AIR3 was achieved 
by p r e f e r e n t i a l complexation of the AIR3 with a l k a l i 
f l u o r i d e s . 

(b) The displacement reaction^ between the metal 
i s o b u t y l derivative and a higher o l e f i n i s a useful pre­
parative method f o r higher a l k y l s , as shown below: 

155 - 60°C 
Gai:CH2CHMe2]3 + 3GH2 = CHCgĤ ^ ^ Ga(G-LQH2-L)3 + 3GH2 = GMe2 
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The displacement of the a l k y l groups branched i n the 
p o s i t i o n , by reaction w i t h an <<-Qlefin went smoothly 

according to the above equation. The higher indium 
a l k y l was, however, unstable at the necessary reaction 
temperature. The ease with which isobutyl derivatives 
of group I I I elements p a r t i c i p a t e i n the displacement 
reaction appear to decrease i n the order .A17 B7Ga>In. 

(c) The t r i a l k y l s can be obtained by the reaction 
• of galllium metal w i t h dialkylmercury. 

2Ga + SHgRg = 2GaRj+ 3Hg 
(19) 

Trimethylgallium^ can be conveniently obtained by t h i s 
method (see experimental section). 

(d) The reaction between gallium t r i c h l o r i d e and 
the corresponding Grignard reagent i n ether has been 
described! ̂ '̂̂ -"-̂  
T r i a l k y l s of Indium. 

The t r i a l k y l s of indiiwa can be obtained by the 
foll o w i n g general methods. 

(a) The t r a n s a l k y l a t i o n reaction^ between 
indium t r i c h l o r i d e and triethylaluminium gives a good 
y i e l d of t r i e t h y l i n d i u m . 

I n C l ^ + 3AlEt3 + 3KC1 = InEt3 + 3KCAlEt2Gl2] 
Excess of triethylaluminium was removed by p r e f e r e n t i a l 
complexation w i t h a l k a l i f l u o r i d e s . 

(b) Trimethylindium^ ' can be prepared by the 
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action dimethylmercury on indium metal (see experimental 
sect i o n ) . 

2In + 3HgMe2 = 2InMe3 + 3Hg 

(c) The t r i a l k y l s can also be prepared by the reaction 
between an ethereal solution of indium t r i c h l o r i d e and a 
Grignard reagent.^ ' Though they form co-ordination 
complexes w i t h d i e t h y l ether, these dissociate s u f f i c i e n t l y 
to allow the ether-free alkyls to be separated by f r a c t i o n a l 
d i s t i l l a t i o n or condensation. 
T r i a l k y l s of Thalliujn. 

Reaction between a Grignard reagent and t h a l l i c chloride* 
introduces only two organic groups i n the molecule giving 
RpTlZ. These can react f u r t h e r with a l i t h i u m a l k y l to 

(24) 
give a t r i a l k y l t h a l l i u m d e rivative' 

Me2TlBr + LiMe = TlMe3,+ LiBr 

Trimethyl t h a l l i u m can also be made from the following 
reaction. 

T i l + Mel + 2LiMe = TlMe3 + 2L i I 

Properties of the Trimethyl Derivatives of Group I I I Elements. 
Except trimethylborane, a l l other trimethyls react 

w i t h water at room temperature to give hydroxy derivatives. 
These t r i a l k y l s usually react w i t h halogens. Trimethyl­
borane has a very sharp smell. I t i s monomeric i n the 
vapour phase. Electron d i f f r a c t i o n , i n f r a r e d and Raman 
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( 25) spectra^ ' show that i n the vapour phase the £(0113)3 
molecule i s planar and symmetrical with angles of 120°. 
I t has been suggested that lack of association may be due 
to the small size of the boron atom r e l a t i v e to the 

surrounding organic groups (26) or due to t r i g o n a l hyper-
(27) 

conjugation. These t r i a l k y l s can combine with a suitable 
ligand (e.g. LiMe) to give a s a l t (e.g. LiBMe^). T r i -
methylthallium cannot act i n t h i s way. Most of these 
trim e t h y l s can be used up to about 200°0 without any thermal 
decomposition ( t r i m e t h y l t h a l l i u m explodes on heating to 
90°0; also i t i s photosensitive). 

Trimethylaluminium (m.p. 15.0°, b.p, 126°G) i s a 
colourless mobile l i q u i d . I t i s dimeric as vapour^ 
at 70°C, and i n benzene^ "̂ ^̂  s olution. The heat of d i s s o c i a t i 
to two moles of monomer i s 20.2 kcal.^ ' The infrared 
spectrum^ and x-ray c r y s t a l a n a l y s i s ^ ^ indicate 
a bridge structure, as shown below: 

OH. CH. 

GH3 

The nature of the bonds i n t h i s electron d e f i c i e n t dimer 
has been a subject of much controversy. At present, the 
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Al - C - Al bridge bonds are regarded as formed by bent 
three-centre molecular o r b i t a l s ( Al sp^ + C sp^ + Al sp-^). 
Thus, each Al - C - Al three centre bond occupied by two 
electrons can be regarded as a single bond or the Al - C 
bridge bond as a half-bond. I t i s of int e r e s t to note 
that the Al-Al distance (2.55 A°) i s s l i g h t l y greater 
than the calculated Al-Al single bond distance (2.52 A°). 
Some Al-Al bonding has been suggested from t h e o r e t i c a l 
considerations!"^^ ^ Proton magnetic resonance spectra can 
di s t i n g u i s h between the two types of methyl groups at 
-75°C, but not at room temperature^ ̂ "̂ ^ since rapid exchange 
"occurs. 

Trimethylgallium (m.p. -16°; b.p. 56°C), t r i m e t h y l -
indium (m.p. 88.4°; b.p. 135.8°C) and t r i m e t h y l t h a l l i i i m 
(m.p, 38.5°; extrapolated b.p. 147°C) are monomeric i n 
the vapour phase. Trimethylthallium i s monomeric while 
trimethylindium i s tetrameric i n benzene solution and i n 

( 32) 
the c r y s t a l l i n e state.'' 

These electron d e f i c i e n t molecules can usually 
combine w i t h ligands able to provide a donor s i t e . The 
p o s s i b i l i t y of the donor-acceptor bond being formed can 
be q u a l i t a t i v e l y C(msidered i n terms of an energy cycle. 
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Energy steps i n the formation of adducts. (33) 

y^^ig) + I>(g) w i t h 
configurations s u i t ­
able f o r bonding. 

MX^ig) + I>(g) 

MX3 and D i n 
standard states 
(condensed or 
polymeric) 

A F 

AF^ 

AF. T 

D.MX3(g) 

AR; 

D.MX3 (standard 
state, l i q u i d or 
so l i d ) 

AF vapourisation energy required to convert donor 
and acceptor to the gas phase from t h e i r standard 
states. 
adjustment energy required to convert gaseous donor 
and acceptor to moieties having configurations 
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present i n the f i n a l product, e.g. deformation 
from t r i g o n a l to tetrahedral forms. 

APrp = t o t a l energy released i n dative-bond formation, 
giving the adduct i n the gas phase. 

^^o' ~ gas-phase energy of formation. 
o 

APQ = energy released when addition compound condenses 
to standard state. 

A F = free-energy change accompanying the reaction 
MZ3 + D —> D.Mi:3, reactants and products being 
i n t h e i r standard states. 

I f the re h y b r i d i s a t i o n energy (^E^) i s greater than AF^ 
then no adduct w i l l be formed. Furthermore, i f the f i n a l 
(D.MX3) standard state l i e s above the i n i t i a l (D + MX3) 
standard state, then no compound w i l l be formed. I n the 
case of trimethylaluminium, a f u r t h e r complication i s 
introduced by the n e c e s s ^ i t y of 20.2 kcal. f o r breaking 
the dimer. 
Review of I n t e r a c t i o n of Group I I I T r i a l k y l s w ith Donor 
Molecules not containing Reactive Hydrogen. 

A q u a l i t a t i v e or quantitative understanding of the 
r e l a t i v e s t a b i l i t y of a metal-ligand bond has provided 
much valuable information. Thus, f o r example, i t was possible 
to arrange the trimethyls of group I I I elements i n the order 
of decreasing Lewis a c i d i t y ( A l > G a > I n > B > T l ) from gas 
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phase dissociation equilibrium studies on t h e i r addition 
compounds wi t h trimethylamine. From an investigation of 
the d i s s o c i a t i o n , 

n.Mx^ig) MX^ig) + Dig) 

i t i s possib-le to determine the values. From t h i s , 
the free energy change can be calculated. 

A F ° = - RT I n 

I f the K values are known at two d i f f e r e n t temperatures P 
T-j_ and T2 then the heat content (enthalpy) change AH, 
accompanying the formation of the donor-acceptor bond 
can be calculated by using the integrated form of the 
van't Hoffi equation. 

i n 1 ^ = - M R T, T-
J 

With AH i n ca l o r i e s , R i s 1.987, and therefore. 

log —2-£ = AH 
4.576 T, 

_1_ 
T. 

I t ; should be mentioned that i n a heterogeneous system, 
the active mass of s o l i d substances present i n a reversible 
equilibrium should be regarded as constant, irrespective 
of the amount present. Therefore, no terms f o r any s o l i d 
present at equilibrium need be included i n the expression 
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fo r the equiULbrium constant. For the following 
d i s s o c i a t i o n , 

D.MX3 (s) MX3 (s) + D (g) 

the equilibrium constant w i l l depend on the p a r t i a l 
pressure or pressure of D, depending on whether the system 
contained any i n e r t gas or not. 

= P D 

Now, the integrated form of van't Hoff equation can be 
used, but the value of AH derived w i l l be f o r the complete 
reaction including s o l i d phases. This value of AH 
w i l l d i f f e r from that f o r a reaction e n t i r e l y taking place 
i n the gas phase by the heats of sublimation of the solids. 

^2 _ AH I n 

or log 

Pi 

'2 _ 

R 

AH 
4.576 

1_ 
T, 

1_ 
T, 

T. 

T. 

Galorimetric methods have been employed f o r systems 
which dissociate to a great extent or not at a l l at 
reasonable temperatures. Another method frecuently used 
i s the displacement reaction. 

D-j_.MX3 + D2 D2.MZ3 + D-,_ 

to get some q u a l i t a t i v e i n d i c a t i o n of the r e l a t i v e s t a b i l i t y 
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of the metal-ligand bond. These reactions depend on 
a decrease i n the free-energy of the system. Therefore, 
from the fol l o w i n g equation, 

A F = A H - T AS 

i t can be concluded that a displacement reaction do«s 
not necessarily give an i n d i c a t i o n of the r e l a t i v e 
differences of the values of the enthalpy changes 
accompanying the formation of the donor-acceptor bond, 
due to complications r e s u l t i n g from possible differences 
i n the entropy of the two systems. Complications due to 
v o l a t i l i t y effects and l a t t i c e energy are also important. 

A large number of 1:1 addition compounds of t r i -
methylborane w i t h donor molecules ammonia, methylamine, 
dimethylamine, trimethylamine, many other higher amines, 
pyridine and substituted pyridines, trimethylphosphine 
etc. have been described'̂ .'.̂ '̂ '̂ . Phosphine and t r i m e t h y l -
s t i b i n e forms no compound w i t h trimethylborane even at 
-78°G. Many of these addition compounds have been 
investigated by the gas phase dissociation equilibrium 
methods! •̂'̂  ̂  I n the amine series! i t was found that 
s u b s t i t u t i o n of one methyl group f o r hydrogen i n ammonia 
made methylamine a better donor (due to electron releasing 
power of the methyl group), s u b s t i t u t i o n of one more 
methyl group s l i g h t l y increased the donor power of 
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dimethylamine, but.the s u b s t i t u t i o n of t h i r d methyl group 
made trimethylamine a weaker donor (AH = 13.75, 17.64, 
19.26 and 17.62 kcal./mole f o r the BMe3 addition compounds 
wit h NH3, NH2Me, NHMe2 and WMe3 respectively). As the 
inductive e f f e c t increases continuously, t h i s observation 
was explained by suggesting s t e r i c s t r a i n due to the 
interference of the three methyl groups attached to nitrogen 
w i t h those attached to boron ( P - s t r a i n ) . However, t h i s was 
only part of the explanation because i n aqueous solution 
the same order i s found f o r changes i n the basic strengths 
of these amines. 

Me2NH > 16^2 > ^®3^ > ̂ ^3 

unlike the bulkyl BMe3, the proton was too small to 
i n t e r f e r e s t e r i c a l l y w i t h the methyl groups attached to 
nitrogen. I t was suggested that the formation of the fo u r t h 
bond to proton or trimethylborane causes the three methyl 
groups attached to nitrogen, to move closer together and 
i n t e r f e r e s t e r i c a l l y among themselves ( B - s t r a i n ) . Both 
P-strain and B-strain are ef f e c t i v e i n co-ordination 
compounds of trimethylborane. 

I t has been r e p o r t e d ^ t h a t the addition compound 
of trimethylborane with triethylamine i s too unstable to 
permit a gas phase dissociation equilibrium study. This 
i s due to s t e r i c interference of bulky ethyl groups with 
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the methyl groups attached to the boron atom. However, 
the compound w i t h quinuclidine i n which the carbon atoms 
are held back from nitrogen, the adduct i s more stable. 

CH2 GH2 
+ 

OH GH2- CH2- ^ N BMê  

CH2 GH2 

The comparable s t a b i l i t y of Mê R.BMê  and Me^P.Me^ 
( A H = 17.62 and 16.47 kcal./mole respectively) may be 
due to greater F-strain i n the trimethylamine adduct, 
because the boron-nitrogen bond i s shorter than boron-
phosphorous bond. Absence of F-strain w i l l make ammonia 
a better donor than phosphine. Relative to t r i m e t h y l ­
phosphine, phosphine may be a much weaker donor due to the 
absence of inductive e f f e c t s , thus, explaining the non­
existence of Me-̂ B.PĤ . However, i n trimethylphosphine 
and phosphine the appropriate bond angles are 100 and 
93° respectively ( f o r ammonia and trimethylamine, 107° 
and 108° re s p e c t i v e l y ) . Therefore, the weaker donor pov/er 
of phosphine may be due to a large readjustment energy 
involved f o r changing i n t o a tetrahedral model.. 

The co-ordination compounds of trimethylaluminium 
w i t h ligands such as, dimethylamine, trimethylamine, 
dimethylphosphine, trimethylphosphine, dimethyl ether. 
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dimethyl sulphide, dimethyl selenide and dimethyl 
t e l l u r i d e have been described. ̂  -̂ ^̂  The adducts 
w i t h trimethylamine, trimethylphosphine and dimethyl 
ether are not appreciably dissociated at 150°G and 40 mm. 
pressure. Prom displacement reactions i t was established 
that the s t a b i l i t y of the donor-acceptor bond decreased 
i n the order: 
Me3N.AlMe3 y Me3P.AlMe3 y Me^O^Ame^ y Me2S.AlMe3 

I t was shown that dime thy laluminium chloride was a stronger 
Lewis acid than trimethylaluminium. The adducts Me2S.AlMe3 
and Me2Se.AlMe3 were s u f f i c i e n t l y dissociated i n the gas 
phase to permit the determination of r e l a t i v e s t a b i l i t y , 
but Me2'l'e.AlMe3 was highly dissociated. I t was found 
that the donor power decreased w i t h increasing size of 
the ligand atom (0 > S > Se y Te). The adduct Me2HP.AlMe3 
dissociated appreciably at 150°C, so towards t r i m e t h y l ­
aluminium as reference acid, trimethylphosphine i s a better 
donor than dimethylphosphine. 

Trimethylgallium forms 1:1 addition compounds with 
most of the ligands mentioned above i n connection with 

( on ) 

.aluminium, methyl cyanide and acetone.^ Trimethyl-
bismuth does not react. The heats of formation of adducts 
w i t h trimethyls of Group V elements progressively decreases 
from nitrogen to antimony (measured i n gas phase)^^*^^ 
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Me^, 217 PMe^, 18 7 AsMe^, 10 7 SbMe^ toe weak to measure, 
Oxygen, i n dimethyl ether i s a stronger donor to t r i m e t h y l -
galldum than sulphur, but S, Se and Te are similar ( i n 
dimethyls ).^^*^^ 

Addition compounds of trimethylindium with t r i m e t h y l ­
amine and trimethylphosphine have been described, those 
w i t h trimethylarsine, dimethyl ether and dimethyl sulphide 
dissociate extensively i n the vapour phase.̂ ''''"'•̂  

Go-ordination compounds of trimethylthallium^ "̂'"̂  
w i t h trimethylamine, trimethylphosphine, dimethyl sulphide 
and dimethyl selenide have been described, i t was mentioned 
that dimethyl ether was a very weak donor and i n the case 
of trimethylarsine and dimethyl t e l l u r i d e there was hardly 
any evidence f o r reaction. The trimethylphosphine and 
dimethyl sulphide adducts had nearly sharp melting points 
(27-8°C and -0.5°C respectively), the others melted a 
l i t t l e below 0°C. 
Review of Reactions of Group I I I T r i a l k y l s w i th Donor 
Molecules Gontaining Reactive Hydrogen. 

Many of the addition compounds of the trimethyls of 
group I I I elements w i t h ligands containing a reactive 
hydrogen can eliminate methane on heating under ordinary 
conditions or under pressure i f the adduct tends to 
dissociate. Sometimes, a reaction w i t h a suitable ligand 
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can r e s u l t i n elimination of methane spontaneously 
at room temperature, the hypothetical adduct presumably 
having only a t r a n s i t o r y existence. Donation of a pair 
of electrons by the ligand increases the protonic 
character of the hydrogen, and elimination of methane 
occurs due to nucleophilic attack by one of the negatively 
polarised methyl groups attached to the acceptor at.om. 

(a) A discussion of reactions i n which the 
reactive hydrogen i s attached to the donor atom follows. 
The adduct of trimethylborane w i t h ammonia can be thermally 
decomposed under high pressure, as shown below.^-^-^^ 

NH 
280°G 330°G X \ 

Me-jB.NH, ? Mê BNHp + GH. > MeB BMe + GH, 
^ ^ 2 0 atm. ^ 2 0 atm. I I ^ 

HN NH 
\ y 
EMe 

The compound MegBNHg i s i n t e r e s t i n g because i t can exist 
(42) 

as a monomer, and also a dimer.^ I n the monomer, 
co-ordination saturation i s attained by p - p^ bonding 
between boron and nitrogen (Me2B = NH2). The following 
structure can be w r i t t e n f o r the dimer 

NH2 

Me^B - - BMê  
+ 
NH. 
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A monomer-dimer reversible e q u i l i b r i i i m can be observed 
i n gas phase at room temperature. The compound 
Me2B = ̂ 2 i s ̂ l ^ o monomeric.^^^'^^'^^^ 

The double bond formation i s e n t i r e l y confined to 
boron chemistry and has not been observed w i t h any other 
element under discussion. Thus, the addition compoiind 
of trimethylaluminium with dimethylamine decompose on 
heating to give Me2Al.Me2, which i s dimeric i n the gas 

M7) 
phase. The fol l o w i n g structure has been assigned f o r 
t h i s compound. 

Meo 

Me2Al - - AlMe, 
+ 
"Me, 

The compound MegAlPMe was however, found to be tr i m e r i c 
( 37) ̂  

i n the gas phase. 
AlMe, 

Me2P 

Me2Al 

PMe, 

AlMe, 

PMe, 

Unlike the formation of these amino and phosphino 
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derivatives which require heating, the reactions of 
trimethylaluminium w i t h MeOH or MeSH go spontaneously 
at room temperature w i t h elimination of methane. 

Me^Alg + 2MeOH = 2Me2A10Me + 2CĤ  

These compounds were found to dimeric, a t y p i c a l structure 
i s shown below. 

OMe 
+ 

MegAl - - AlMeg 

+ 
OMe 

The compound (Me2AlSMe)2 reacts w i t h trimethylamine. 
- + 

(Me2AlSMe)2 + 2NMe^ = 2Me2Al(SMe). Me^ 

Trimethylgallium amine decomposes on heating to give 
( i q ) 

the bis-amino derivative and methane.^ 

Me^Ga - - GaMê  

+ 
NH. 

Similar compounds can be obtained by the decomposition of 
adducts w i t h methylamine and d ime thy lamine. ̂  "'"̂  ̂  Methanol 
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reacts spontaneously at room temperature with elimination 
of methane, to give a dimer, which has been assigned 
the f o l l o w i n g structure.^-^^^ 

OMe 
+ 

Me2Ga - - GaMe2 

+ 
OMe 

The dimer does not react w i t h trimethylamine or dissociate 
i n the vapour phase. Methanethiol reacts with t r i m e t h y l ­
gallium. 

GaMe^ + MeSH = Me2GaSMe + CHz,. 

The compound which i s a dimer, has been assigned the 
fol l o w i n g structnare-i 

SMe 
+ 

Me2 Ga " - - GaMe^ 

+ 
SMe 

( ) 
An analogous selenium compound has been described.^ 
Unlike the dimeric methoxide, the sulphur and selenium 
dimers react r e v e r s i b l y with trimethylamine. 

(Me2GaSMe)2 + 2Me^ ';r± 2Me2Ga( SMe) .NMê  

Compounds wi t h phenols, thiophenols and selenophenol 
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were found to be s i m i l a r . They reacted with t r i m e t h y l -
amine i n a reversible manner. At 20°G the dissociation 
pressures f o r the compounds (Me2GaSMe)2» (Me2GaSeMe)2, 
(Me2GaO.GgĤ Bu"'̂ -p)2, (Me2GaOPh)2, (Me2GaO.CgH^Cl-p)2, 
(Me2G-aSPh)2 and (Me2G-aSePh)2 i n combination with t r i -
methylamine were found to be 10.3, 4.5, 14, 6.1, 1.5, 
0.4 and 0.1 ram. respectively. Increase i n dissociation 
pressure i s an i n d i c a t i o n of stronger donor power of 
the ligand i n these compounds which are very si m i l a r , 
and therefore, other effects may be comparable. From 
the above data i t can be concluded that both i n the 
methyl and the phenyl series the donor power decreases 
from oxygen to selenium. Substitution of phenyl f o r 
methyl.makes the ligand a weaker donor. Furthermore, 
the inductive effects are apparent from the dissociation 
pressures of the trimethylamine adducts of (Me2GraO.CgĤ  
Bu^-p)2 and (Me2GraO.GgH^Cl-p)2 when compared with t h a ^ ^ 
of the analogous phenyl compound. 

Trimethylgallium reacts w i t i i hydrogen halides to 
give a monochloride or a dichloride depending on the 

( 4 5 ) 

r e l a t i v e proportions of the reactants used.^^' 
2GaMe^ + 2HC1 = (Me2GaCl)2 + 2CĤ  
2&aMe^ + 4HGI = (MeGaGl2)2 + 4GĤ  

Both these compounds were found to be dimeric as vapour. 
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The reactions of trimethylindium have been less 
extensively investigated than those of trimethylgallium. 
The unstable ammine, Me^InNH^, loses methane slowly at 
room temperature^ ̂ "̂ ^ and rap i d l y on heating (70-80°C) 

gi v i n g a polymer (Me2^T^'ii2^x' ^ dimer (Me2lnro/Ie2)2 
was obtained on heating (140-60°C) the adduct of trimethyl­
indium w i t h dimethylamine. The compounds (Me2lnOMe)^ 
and (Me2l'iiSMe)2 obtained from the reactions of t r i m e t h y l ­
indium w i t h methanol and methanethiol respectively have 
been described. 

A s t r i k i n g difference between triethylaluminium 
and t r i e t h y l g a l l i u m i s t h e i r reactions with acetylene 
as shown below: 

40-60°C 
AlEt^ + HC HCH ^ AlEt2(GH = CHEt) 

not observed 
AlEt. + HC= GH > AlEt2(C=CH) + G^R^ 

50°C 
GaEt^ + HG=CH > GaEt2(C=CH) + CgHg 

The suggested mechanisms f o r these reactions are 
shown below: 

+ 
R'C= OH ^ R'G •— CH > R'G — GH 

i ^ ] \- 1 1 

AIR 2 R AIR2 R AIR2 
I I I I I I 

R'G*:= GH ^ R'G -ZH CH — i R'C = C ^ R 
i ^ ' '. \~ \ -y 
GaR;. R GaR2 Ga 

R ^ ^ R 
IV V VI •v (R'C ~ C)GaR2 + R - H 
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Structure V may be less favoured than structure VI due 
to decrease i n bridging tendency i n gallium a l k y l s . 
Nucleophilic attack on hydrogen by the negatively 
polarised R group gives the observed product. 

(b) A discussion follows of the reactions of the 
t r i a l k y l s of group I I I elements with donor molecules i n 
which there are two or more donor atioms. Trimethylgallium 
reacted with acetylacetone w i t h elimination of methane 

( 39) 
to form a chelate monomer.^ 

Me2Ga -

0 

+ 
0 

GMe 

GH 

GMe" 

A s i m i l a r compound was obtained from trimethylindium. 
The fo l l o w i n g chelate monomer was obtained from s a l i -
cylaldehyde and tr i m e t h y l g a l l i i i m . 

(41) 

CH 

I 
- GaMe2 

The product obtained from trimethylgallium and dimethyl-
ethanolamine i s not a chelate compound because i t i s a 
dimer which forms a dimethiodide w i t h methyl iodide. The 
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structure i s given below. (39) 

ê Ga -

O.CH2.CH2.NMe2 

- GaMe, 

0.'GH2.GH2.NMe2 

Diethylboron acetate^ ̂'̂ ^ and a dimer dimethylgallium 
( 39) 

acetate^ obtained from the reactions of t r i e t h y l b o r o n 
and t r i m e t h y l g a l l i u m w i t h acetic acid have been described. 
However, these compounds were inadequately examined and 
t h e i r structures were not established. A dimer from t r i -•ethylaluminium and 1:1 dimethylhydrazine has been described. 

Oh.jects of the Present Investigation 
There has recently been a growth of in t e r e s t i n 

bridging ligands i n connection w i t h the development of 
"inorganic polymers" stable to high temperatures. Prom 
the review made i t i s apparent that very l i t t l e information 
was available on the reactions of t r i a l k y l s of group I I I 
elements w i t h weak acids contain^-ng two or more donor 
atoms. These reactions are of in t e r e s t i n connection 
w i t h the problem whether, f o r example, a three-atom donor 
group acts as a chelating or a bridging ligand, e.g. i n 
dimethylgallium acetate. 

(48) 
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0 GMe 

Me^Ga 0 
GaMe„ 

•2"° Y MeO 0 0 OMe 
0 SaMeg 0 \ y 0 \ / 
MeC 0 

GaMe2 

0 

Me2Ga .GMe 

0 

The trimethyls were chosen f o r these investigations since 
the reaction products were expected to have higher melting 
points and simpler spectra than those derived from other 
t r i a l k y l s . I n f r a r e d spectroscopy was used to help to 
establish the structures of the products, andfor making 
new assignments. Review of any available information 
i n the areas a c t u a l l y investigated w i l l be given i n the 
discussion section. 



D I S C U S S I O N 
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DISGUSSION 

Gyanides of Group I I I Elements 
Gompounds i n which an element of Group I I I i s bound 

to an element of donor character, commonly nitrogen or oxygen, 
are often associated i n order that both elements can 
become co-ordinatively saturated. Well-known examples 
are the aminoboron halides, e.g. (GI2B.1^62)2> and the 
aluminium alkoxides. Boron cyanides are i n t e r e s t i n g i n 
t h i s connection since the l i n e a r B - G = N * group 
would not allow the formation of the four- and six-membered 
rings so frequently found among boron compounds. Boron 
cyanide i s a polymeric s o l i d ^ ^ ^ ^ [ B ( C N ) ^ ] ^ and di-n-butyl-
cyanoborane^ ̂'̂ ^ i s an i n v o l a t i l e viscous l i q u i d f o r which 
cryoscopic measurements i n benzene indicate a degree of 
association of about twenty. Some diarylcyanoboranes have 

( 5 1 ) 

also been found to be polymeric, and both these^-"^ ' and 
(BU'^B.CN) are depolymerised by bases such as ammonia and 
pyridine. 

The formation of dimethylaluminium cyanide (m.p. 88"G) 
from trimethylaluminium and hydrogen cyanide has been 

( 5 2 ) 

mentioned b r i e f l y , ^ but without i n d i c a t i o n of i t s 
molecular complexity. I n the present work i t was found 
that t h i s compound i s tetrameric i n benzene sol u t i o n , and 
that so are the corresponding gallium and indium compounds 
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(prepared from hydrogen cyanide and trimethyl-gallium 
and -indium). Aluminium, gallium, indiiun, and thal l i u m . 

(37) (19,39) 
a l l form compounds, e.g. (Me2ffl.NMe2)2> M = Al, Ga, 
I n , or Tl^^"^^ i n which the metal i s bound to four ligands 
and i s also part of a four-membered r i n g , implying easy 
d i s t o r t i o n of the valency angle from 109° to about 90°. 
G i l l e s p i e ^ h a s shown that d i s t o r t i o n s from the tetrahedral 
angle occur much more r e a d i l y f o r elements ; of the second 
or higher period than f o r elements of the f i r s t period. 
Thus structure ( I ; M = Al,Ga, or In ) i s reasonable, even 
i f M - C=:N—^M group i s assumed to remain l i n e a r . 

Me2M -

Me2M < N 

N- -» me. 

N 

MMe, 

The reactions of the cyanides w i t h trimethylamine were 
examined, rather than w i t h ammonia or pyridine (whose 
reactions w i t h R2B.GN have been studied), because there 
are data on sim i l a r reactions between trimethylamine and 
(Me2M.SMe)2 (M = Al^^'^^or Ga^"^^'^^^), i n which Me2M(SMe)NMe^ 
i s formed., The tetramers ( l ) absorb four mole of t r i m e t h y l -
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amine, which doubtless competes with cyanide groups i n 
co-ordination w i t h the metal, forming s o l i d adducts whose 
dis s o c i a t i o n pressures are given by the equations: 

(Me2AlCN)^ + Wle^ : log ^ ^ p ^^ = 5.288 -r II40/T (T i n °K) 

(Me2GaGN)^ + NMe3 : log-^^ p ^ ^ = 11.297 - 3330/T 

At 25°G the dissociation pressures are 29(Al) and 1.3 mm 
(Ga), and the above equations correspond to heat content 
changes of 5.2 and 15.2 kcal. mole ^ (of trimethylamine). 
Thus, r e l a t i v e to trimethylamine, the co-ordination a f f i n i t y 
of the cyanide group i s greater to gallium than to aluminium, 
though t h i s conclusion would be invalidated i n the event 
of large d i s p a r i t i e s between the sublimation energies of the 
aluminium adduct and tetramer and those of the gallium 
analogue. 

The aluminium compound ( I ; M = Al) i s very sensitive to 
a i r and sometimes inflames i n the a i r when touched with a 
drop of water. The gallium compound slowly l i q u e f i e s when 
exposed to the a i r , smells strongly of hydrogen cyanide, 
and gradually deposits crystals of the hydroxydimethyl-
gallium tetramer^^^^ (Me2Ga.0H)^. The a i r - s e n s i t i v i t y of 
the indium compound i s very s i m i l a r to that of (Me2Ga.CN)^, 
and i s much less than that of (Me2Al[GN)^. 

Reaction between trimethylaluminium a.nd more than one 
mole of hydrogen cyanide results i n the displacement of 
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more than one methyl group from each aluminium atom, 
but the products appear to catalyse the polymerisation 
of hydrogen cyanide and i s o l a t i o n of any pure product 
was not achieved. An excess of hydrogen cyanide may 
be used i n the preparation of dimethyl-gallium and 
-indium cyanide, without the loss of further methyl 
groups (reactions under pressure at high temperature 
were not attempted). Dimethylindium cyanide, however, 
reacts very slowly with an excess of hydrogen cyanide 
at room temperature. 

Dimethylthallium cyanide was prepared both from 
t r i m e t h y l t h a l l i m and hydrogen cyanide and from dimethyl-
t h a l l i u m f l u o r i d e and potassium cyanide i n aqueous 

( 5 5 ) 

s o l u t i o n . Diphenylthallium cyanide^ i s a high-melting 
s o l i d [m.p. 318°G (decomp.)], which i s sparingly soluble 
i n water, w i t h s l i g h t hydrolysis. The dimethyl :compound 
i s soluble i n water ( 2 . 7 gm. i n 100 gm. of water at . 
25°G), i n which i t behaves as a 1:1 strong e l e c t r o l y t e 
[Me2Tl]^GN~. I t s conductance at 25°G i s given approxi­
mately by the equation: 

A = 1 iOO-5-~-5-).̂ , J e (C = 0.004 - 0.02 mole l""^) 

I t i s insoluble i n ether and i n benzene. 
A b r i e f study was made of the reaction between 

dimethylberyllium and hydrogen cyanide. Beryllium 
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cyanide does not appear to have been described previously, 
but i t seems to be present i n the product of the reaction 
between beryllium iodide and cyanogen at about 500°C: t h i s 
substance dissolves i n water to a viscous solution which 

(56) 
shows reactions c h a r a c t e r i s t i c of aqueous cyanide solutions. 
Beryllium cyanide i s precipitated at once when dimethyl-
beryllium i s added to an excess of hydrogen cyanide i n an 
i n e r t solvent. I t i s insoluble i n solvents other than 
those which cause hydrolysis, does not absorb t r i m e t h y l ­
amine at room temperature or at 70°G, and no doubt has a 
cross-linked polymeric c o n s t i t u t i o n as would be expected 
i f each beryllium atom had a co-ordination number of four. 

I f dimethylberyllium and hydrogen cyanide are added 
simultaneously to ether, some insoluble matter i s precipitated 
.but the f i l t r a t e evidently contains methylberyllium cyanide. 
Solutions so obtained are mobile and are u n l i k e l y to con­
t a i n highly polymeric material. The beryllium i s co­
ordinated to ether, which may be removed by pumping at 
70°G, but the residue does not redissolve i n ether. P u r i ­
f i c a t i o n of methylberyllium cyanide was not achieved, but 
the product had a Be:CH-j r a t i o of 1,00:1, though the analysis 
indicated a p u r i t y of only 97-98/p. 

Addition of 2,2'-bipyridyl to an ether solution of 
methylberyllium cyanide gave an orange-yellow solution. 
Coloured b i p y r i d y l complexes of organoberyllium compounds 
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have been described.^ '' 
The reaction between hydrogen cyanide and Me2BeMe2 

was investigated, because the beryllium atom i n the hypo­
t h e t i c a l primary reaction product, (Me^N)MeBe.GN, would 
have only one vacant co-ordination position, unlike that 
i n MeBe.GN which has two vacant co-ordination positions. 
The reaction ( i n benzene solution) resulted i n the deposition 
of a l i t t l e insoluble matter, but most of the product 
remained i n so l u t i o n . Removal of benzene gave an apparently 
amorphous product, very sparingly soluble i n benzene and. 
i n v o l a t i l e at 200°G/0.01 mm., which evidently i s a polymer. 
Thus trans-association (11) i s favoured by both the beryllium 
and the boron cyanides rather than the cis-association 
displayed i n the tetramers ( l ) 

N 
TMe 

Me 

3 

Be - N 

G 

me 

Me 

(11) 

I n f r a r e d Spectra 
The spectra of the cyanides each had a single sharp 

band i n the 2100-2300 cm"""- region, c l e a r l y due toY(C:N) 
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(Table l ) . The stretching frequencies of the cyanide 

Table 1 
- I . Gyanide stretching frequencies,^0;^ ^ ^2 .MGN 

Gompound 

(BU2^BGN)^ 
(MegAlGN)^ 
(Me2GaGN)^ 
(Me2lnGN)^ 
Me2TlGN 
(MeBeGN) 

G:N (s t r e t c h ) 
(50) 2280^ 

2213^, 2224° 
2202^, 2216^ 

n 
[(Me.N)MeBeGN]^ 

2178' 
2101^ 
2222' 
2200' 

^ i n GGl^, ^ n u j o l mull, ° hexachlorobutadiene mull. 

group i n many metal complexes have been discussed with 
p a r t i c u l a r regard t o the d i s t i n c t i o n between terminal 

( 58) 
aiid bridging cyanide groups, the former having the 
lower ^"(GiN). I n compounds of six elements containing 
bridging cyanide groups, •y"(G:N) was i n the range 21.64 -
2239 cm?} and i n the tetramers described hereY(G:N) 
f a l l s w i t h i n that range. I n agreement with the formulation 
of dimethylthallium cyanide as a s a l t , Y(G:N) i s quite 
near the values observed f o r sodium and potassium cyanide 
( 2085', 2076, respectively, both measured f o r Nujol mulls). 

( 5 9 ) 
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Examination of the spectrum of the aluminium 
tetramer a t lower frequencies was r e s t r i c t e d by the d i f f i c u l t y 
of f i n d i n g s u i t a b l e s o l v e n t s . The tetramer reacts w i t h , 
f o r example, carbon d i s u l p h i d e , forming a yellow substance. 
Features noted i n the spectrum of (Me2Al.CN)^ i n carbon 
t e t r a c h l o r i d e i n c l u d e a prominent band at 1195 cm"''' due 
t o CH^ symmetric deformation (compare^ 1201 cm.""'' f o r 
Me^Alg and 1205 cm."''' f o r Me^Al2Cl2). The assignments 
for. (Me2G-a.CN)^ are given i n Table 2. 

Table 2. 

I n f r a r e d spectrum i n carbon d i s u l p h i d e . 

(Me^GaCN)^ Assignments 

1207 (ms) Ga-CH3 ( d j ^ ^ ^ 

11.34 (vw) 591 + 548^= 1139 ? 

766 (s,sh) Ga-Me (r o c k ) 
746 ( v s ) 
705 (ms) 
607 (ms,sh) GaMe^ ( s t r e t c h ) 
598 ( s ) 2 
591 (msjsh) 

as 

548 (m) GaMe^ ( s t r e t c h ) 
2 'sym 

The i n f r a r e d spectra of a number of boron t r i c h l o r i d e 

complexes w i t h a l i p h a t i c and aromatic n i t f i l e s have been 

described!^"'"^ I t was found t h a t the CN s t r e t c h i n g f r e ­

quencies were 80 +̂  9 cm."-'- gre a t e r i n the complexes than 
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i n the f r e e n i t r i l e s . This was s u r p r i s i n g because co­

o r d i n a t i o n would have been expected t o lower the bond 

order, w i t h consequent decrease i n the n i t r i l e s t r e t c h i n g 

frequency. A decrease i n carbonyl s t r e t c h i n g frequency 

i s observed i n the complexes of c a r b o x y l i c e s t e r s , amides 

and ketones, where the donors are the carbonyl groups 

(e.g. CH^.C02Et hasV^^ a t 1740 cm."''" but CH^.C02Et, BCl^ 
at 1563 cm. The observed increase i n GN s t r e t c h i n g 

frequency was too great t o be due t o a mass e f f e c t or 

a c o u p l i n g between the widely separated ON and BN s t r e t c h i n g 

modes. Therefore, i t was suggested t h a t i n the complexes 

the ON bond order i s i n f a c t higher than i n the fr e e 

n i t r i l e s . The suggestion was based on the hypothesis 

t h a t i n the f r e e n i t r i l e s , the ON bond i s approximately 

i n t e r m e d i a t e between a double and a t r i p l e bond ( l ) . A 

s i m i l a r s i t u a t i o n ( i n v o l v i n g I I and I I I ) i s not possible 

.. ~ (O ..(-) 
R - C ~ N ^ >R - C — N 

(+) (-) (+) 
R - C ~ N - BCl. R - C — N 

^ > . ( - ) 
Sp Sp^ BCl. 

I I I I I 
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i n the complexes because of the very d i f f e r e n t geometry 
of ( I I ) and ( I I I ) . S t r u c t u r e ( I I ) was assumed t o represent 
the c o - o r d i n a t i o n compounds i n v e s t i g a t e d and i s supported 
by the x-ray a n a l y s i s of a c e t o n i t r i l e - b o r o n t r i f l u o r i d e 
complex. Further, the ON bond distances i n a c e t o n i t r i l e 
( i . i e i ) and the boron t r i f l u o r i d e complex (1.13i) i n d i c a t e 
t h a t c o - o r d i n a t i o n shortens bond l e n g t h and hence increases 
bond order ( a l t h o u g h the d i f f e r e n c e between the two lengths 
i s j u s t outside the quoted mean d e v i a t i o n s ) . 

S i m i l a r e f f e c t s have been observed f o r the isocyanide 
g r o u p s ^ T h e s t r e t c h i n g frequencies of these groups 
bonded t o phenylethynylgold are about 100 cm. greater 
than those of t t e f r e e isocyanides, the differencesY(bonded) 
- Y ( f r e e ) being 103, 98, and 81 cm."^ f o r n - b u t y l , p - t o l y l , 
and o-ethylphenyl isocyanide. 
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The I n t e r p r e t a t i o n and Discussion of Spectroscopic Data. 

I n Tables 1-26 are given suggested assignments of the 

c h a r a c t e r i s t i c a b s o r p t i o n bands t o the various s t r u c t u r a l 

f e a t u r e s of the compounds examined. A discussion of these 

f o l l o w s ( a l l frequencies are given i n wave-numbers). 

P-CH^ Linkage 

A sharp band (sometimes a doublet) i n the 1280-1320 

r e g i o n has been sometimes erroneously assigned as a CH-̂  

r o c k i n g (wagging) v i b r a t i o n , f o r example, by Corbridge and 

Lowa^^-^^ However, other workers are i n agreement t h a t t h i s 

band i s due t o symmetrical deformation of the methyl group! 

I n the present work, t h i s band ( u s u a l l y a doublet) was 

foimd i n the regions 1300-1320 and 1280-1300 f o r dimethyl-

phosphinates (see Tables 3,5 and 6) and d i m e t h y l d i t h i o -

phosphinates (Tables 12-17) r e s p e c t i v e l y . Many other com­

pounds c o n t a i n i n g a s i m i l a r s t r u c t u r a l i m i t (e.g. Z-̂ CĤ , 

where X=C, As,Al,Ga,In and T l ) were i n v e s t i g a t e d . Therefore, 

i t i s of i n t e r e s t t o discuss i n some d e t a i l the p o s i t i o n a l 

s t a b i l i t y of t h i s band, and changes w i t h a l t e r a t i o n i n the 

e l e c t r o n e g a t i v i t y or mass and size of X. Present work i s 

i n agreement w i t h published m a t e r i a l t h a t X remaining the 

same these bands are f a i r l y s t a b l e i n p o s i t i o n w i t h i n the 

ranges quoted, and can be used f o r d i a g n o s t i c work. Thus 

f o r example, C-CĤ  absorbs at 1379 i n ethane^^^^ and w i t h i n 
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a few wave-numbers i n other compounds. As X i s pro­

g r e s s i v e l y replaced by n i t r o g e n , oxygen and f l u o r i n e , 

f o r example, i n methylamine^ methanol^ '̂̂ ^ and methyl 
(68) 

f l u o r i d e ^ , the frequency g r a d u a l l y r i s e s t o 1426, 
1455 and 1475 r e s p e c t i v e l y . There i s very l i t t l e change 
i n the mass or size o f X on passing from one atom t o 
i t s neighbour w i t h i n the same p e r i o d . Therefore, 
presumably the chemical nature of X and i n p a r t i c u l a r i t s 
e l e c t r o n e g a t i v i t y i n f l u e n c e s the considerable changes 
i n observed frequencies. The elements s i l i c o n and antimony 
have the same e l e c t r o n e g a t i v i t y . For these heavier elements 
the frequency data can only be derived from molecules 
c o n t a i n i n g s e veral methyl groups. Under these c o n d i t i o n s 
more than one band may be observed. For the molecules 
Me^Si and Me^Sb the average frequency has been calcu].ated 
by Sheppard^^^^ from the separate frequencies and t h e i r 
degeneracies as assigned i n the l i t e r a t u r e . These are 
1253 and 1200 f o r s i l i c o n and antimony r e s p e c t i v e l y . 

The a v a i l a b l e normal co-ordinate c a l c u l a t i o n s on 
seve r a l X(GH^) compounds have been s u m m a r i s e d . ^ F o r 
s i m i l a r molecules w i t h i n the same group or across a 
pe r i o d the observed frequencies changed i n a manner s i m i l a r 
t o the changes i n the force constants c o n t r o l l i n g the 
methyl symmetrical deformation mode. I t was found t h a t 
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the p r i n c i p a l change occurred i n the H - C - X deformation 
fo r c e constant, w h i l e the H -r 0 - H deformation force 
constant v a r i e d s l i g h t l y . Therefore, the observed 
frequency changes as X i s p r o g r e s s i v e l y replaced by other 
atoms are not i n f l u e n c e d t o a great extent by mechanical 
c o u p l i n g of the CH^ v i b r a t i o n w i t h other modes of the 
molecule. 

m 
Absorption due t o the as;^ymetrical mode of the methyl 

A 

group occurs i n the 1450 + 20 r e g i o n , when X i s carbon. 
With other elements i n place of carbon, i t v a r i e s only 
s l i g h t l y i n p o s i t i o n and i s u s u a l l y found i n the r e g i o n 
1380-1480. Hence, the assignments of frequencies due t o 
t h i s mode, i n the 1395 - 1420 r e g i o n f o r the i n f r a r e d 
s pectra of dimethyl-phosphinates and -dithiophosphinates 
are reasonable. These were examined as s o l u t i o n i n carbon 
d i s u l p h i d e , and the bands were u s u a l l y observed as 
shoulders on the slope of the stro n g solvent absorption 
i n t h a t r e g i o n . I t was not possible t o examine these 
a i r - S " e n s i t i v e phosphinates or dithiophosphinates of A l , 
Ga or I n as pressed potassium bromide discs t o o b t a i n a 
c l e a r e r spectriom f o r t h i s r e g i o n . Such an i n v e s t i g a t i o n 
was poss i b l e f o r the a i r - s t a b l e dithiophosphinates of 
T l and Cs (Tables 16 and 17). Bands at ^404 f o r the 
t h a l l i u m compound, and at 1418 and 1404 f o r the caesium 
compound were observed (compare 1417 and 1430, 1440 and 
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1415, 1450, and 1437 and 1420 f o r the i n f r a r e d spectra of 

trimethylphosphine^'''^^ dimethylphosphine^'^'''^ methyl-
(72) (7'^) phosphine^ and trimethylphosphine oxide^ r e s p e c t i v e l y ) . 

Bands due t o phosphorus-methyl r o c k i n g (wagging) 
v i b r a t i o n s were observed i n the 840-1000 re g i o n ( c o m p a r e ^ ^ 
947, 960 and 1067; 948 and 960; 977 and 1017; 866, 872, 
and 950 f o r the i n f r a r e d spectra of the s e r i e s of phosphorus 
compounds mentioned above). I t should be mentioned t h a t 
f o r the compounds examined as s o l u t i o n i n carbon d i s u l p h i d e , 
there was no d i f f i c u l t y i n assigning a prominent band i n 
the 850 r e g i o n due t o a methyl r o c k i n g v i b r a t i o n a l mode. 
For s i m i l a r c e l l t hickness ( 0 . 1 mm) only a weak bump i s 
observed due t o a b s o r p t i o n by the pure so l v e n t , t h i s being 
the f i r s t overtone of a fimdamental i n the 400 region. 

Absorptions due t o phosphorus-methyl bending modes were 
observed i n the 255-295 re g i o n (compare^'^'^ ^ 263 and 305, 
265 and 318, 256 and 311 f o r the Raman spectra of t r i m e t h y l ­
phosphine, dimethylphosphine and trimethylphosphine oxide 
r e s p e c t i v e l y ) . 

A l l the compoiinds i n v e s t i g a t e d had two bands i n the 
710-760 r e g i o n due t o phosphorus-methyl s t r e t c h i n g modes. 
Thus, f o r example^ caesium dimethyldithiophosphinate had 
s t r o n g bands a t 715 and 734 (compare^ -̂̂ ^ 695 vw and 725 m 
f o r NaP02Me2). These bands were very close and hence a 
d i s t i n c t i o n between symmetric and as^ymetric s t r e t c h i n g 

A 
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modes i s not possible without a d e t a i l e d mathematical 

a n a l y s i s . 

P-0 Linkage. 
(75) A band at 1290 was f i r s t observed by Venkateswaran^ "̂'̂  

(76) 

i n the Raman spectrum of POCl-^. This band disappears^ 
i n PSGl-^ and a new band appears a t 750. I n various organic 
d e r i v a t i v e s of phosphorus, the P = 0 and P - 0 - C 
( a l i p h a t i c ) s t r e t c h i n g modes cause strong absorption i n 
the 1175-1350 and 990-1050 regions respectively^'^'^»'^^^ 
Bands a t 1062 and 1L64, 1057 and 1171- i n the i n f r a r e d 
s p e ctra of the dimers (Me2Ga02PMe2)2 and (Me2ln02PMe2)2 
r e s p e c t i v e l y were e a s i l y assigned t o the PO2 s t r e t c h i n g 
modes.- Confirmation was obtained from the disappearance 
of these bands i n the spectra of the corresponding d i t h i o ­
phosphinates. I n the ester Me2P02Me bands at 1230 and 
1042 were observed f o r the P = 0 and P - 0 - C ( a l i p h a t i c ) 
s t r e t c h i n g modes r e s p e c t i v e l y ( F i g , A). I n the s a l t 
Na02PMe2 the 70^ s t r e t c h i n g modes absorb at 1068 and 1168. 
Therefore, the bands which are f a r t h e r apart i n the ester 
move c l o s e r together i n the s a l t s where the d i s t i n c t i o n 
between the two phosphorus-oxygen bonds disappear, g i v i n g 

>j 

r i s e t o symmetric and as^ymetric s t r e t c h i n g modes of the 

POg group. For the g a l l i u m and indium phosphinates a 

s i m i l a r behaviour was observed r e l a t i v e t o the ester. 
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This i s an i n d i c a t i o n t h a t the P = 0 groups are not f r e e 
but a c t i n g as donors i n these dimers (described l a t e r ) . 

The aluminium dimer had a strong band at IO9I c l e a r l y 

due t o a PO2 s t r e t c h i n g mode, which disappeared i n the 

spectrum of the corresponding d i t h i o p h o s p h i n a t e . The other 

band (compare the corresponding g a l l i u m and indium dimers) 

was probably near 1192 and was masked by the intense band 

due t o the symmetric deformation of the methyl groups 

attached t o the aluminium atom. 

This r e g i o n was more complicated i n the spectra of 

diphenylphosphinates and diphenylthiophosphinates of 

aluminium and g a l l i u m (Tables 7-10), due t o the presence 
of C -H i n - plane - deformation v i b r a t i o n s . I t has been ar ^ 

i 79) 
shown t h a t mono-substituted aromatic compounds a b s o r b ^ ^ 
i n the regions 1125-1175, 1O70>111O and 1000-1070 due t o 
the in-plane-deformation v i b r a t i o n s of the hydrogen atoms 
remaining i n the r i n g . The spectra of aluminiiim and g a l l i u m 
diphenylphosphinate or diphenylthiophosphinate were assigned 
by comparing the corresponding compounds. I t i s reasonable 
t o assumethat the bands a r i s i n g due t o aromatic hydrogen 
motions would be s i m i l a r i n the corresponding aluminium 
or g a l l i u m compounds, while the phosphorus-oxygen s t r e t c h i n g 
modes may be s l i g h t l y m e t a l - s e n s i t i v e . Therefore, the 
bands 1134, 1027 and 998 f o r the dimer (Me2A102PPhj)2» and 
s i m i l a r bands 1130, 1024 and 998 f o r the analogous g a l l i u m 
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dimer were assigned t o the aromatic hydrogen motions. 
Hence, f o r the g a l l i u m compound the m e t a l - s e n s i t i v e s t r o n g 
bands at 1180 and 1048 ( t o g e t h e r w i t h the medium shoulder 
a t 1067) must be due t o POg s t r e t c h i n g modes. For the 
aluminium compound one strong band at 1072 was c l e a r l y 
i d e n t i f i e d as due t o t h i s mode, the other was probably 
masked i n a manner s i m i l a r t o t h a t described f o r the 
analogous dimethylphosphinate dimer. S i m i l a r l y , f o r 
the dimers (Me2A10SPPh2)2 and (Me2Ga0SPPh2)2 the almost 
i d e n t i c a l bands (Tables 9 and 10) at 1117, 1026 and 999 
must be due t o aromatic hydrogen motions. Hence, the 
m e t a l - s e n s i t i v e bands 1064 and 1047 f o r the aluminium 
compound togethe r w i t h the bands at 1089 and 1066 f o r 
the analogous g a l l i u m dimer are suggested t o be due t o 
phosphorus-oxygen s t r e t c h i n g modes. The dimers e v i d e n t l y 
c o n t a i n two i d e n t i c a l P - 0 bonds (described l a t e r ) 

and t h e r e f o r e the symmetric and asj^ymetric modes might 
A 

have caused the observed doublets i n each case. 
C - H Out-of-Plane Deformation V i b r a t i o n s , ar 

A very s t r o n g band i n the 730-70 range has been 
(80-84) 

assigned t o the C „- H o u t - o f - p l a n e deformation vibra^tions i n 

mono-substituted aromatic compounds, Furthermore, a strong 

band i n the 700 +_ 10 r e g i o n i s also observed.^ ' I n 

the present work, three bands have been assigned t o 

H (o.p.d.) i n the range 690-755. 
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M - CH^ Linkage (M = A l , Ga, I n or T l ) 

Bands due t o aluminium-methyl as^ymetric s t r e t c h i n g 
modes and the methyl symmetric deformation modes were 
assigned by H o f f m a n n ^ i n the regions 680 and 1200 

r e s p e c t i v e l y . Very l i t t l e i n f o r m a t i o n was a v a i l a b l e on 
other types of metal-methyl v i b r a t i o n a l modes, and the 
suggested frequencies are based on Hoffmann's and the 
present work. 

I n the i n f r a r e d spectra of dimethylaluminium d i m e t h y l -
phosphinate and analogous g a l l i u m and indium compounds, 
s i n g l e sharp bands a t 1192, 1200 and 1151 r e s p e c t i v e l y were 
assigned t o symmetric deformation modes of the methyl 
groups attached t o these metals. These bands were observed 
a t 1186, 1190 and 1147 r e s p e c t i v e l y , f o r the corresponding 
d i m e t h y l d i t h i o p h o s p h i n a t e s . I t seems, then, t h a t the 
attachment of two sulphur atoms t o the metal lowers the 
methyl symmetric deformation frequency r e l a t i v e t o the 
analogous case w i t h oxygen (a s i m i l a r e f f e c t was observed 
when the methyl groups attached t o phosphorus were considered 
i n the same compounds). The lowering of frequency f o r t h i s 
band i n the indium compounds r e l a t i v e t o the corresponding 
g a l l i u m dimer or monomer may be a mass e f f e c t because the 
e l e c t r o n e g a t i v i t i e s of these two metals are about the same. 
Comparison of aluminium and g a l l i u m compounds r e v e a l t h a t 
increased e l e c t r o n e g a t i v i t y has s l i g h t l y r a i s e d the frequency 
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of t h i s band < though the mass, e f f e c t acts i n the opposite 

d i r e c t i o n . Furthermore, these c o n f l i c t i n g e f f e c t s are 

responsible f o r the observation of t h i s band a t 1195 i n 

the Raman spectrum of d i m e t h y l t h a l l i u m n i t r a t e or 
(86) 

p e r c h l o r a t e ^ ' i n s o l u t i o n . This c l e a r l y i n d i c a t e s t h a t 
the expected decrease i n frequency due t o increased mass 
of t h a l l i u m r e l a t i v e t o aliuainium or g a l l i u m has been 

/ completely balanced by the e l e c t r o n e g a t i v i t y e f f e c t 
t e n d i n g t o r a i s e the frequency. This v i b r a t i o n which i s 
f o r b i d d e n i n the i n f r a r e d spectrum of l i n e a r dimethyl-
t h a l l i u m i o n , i s probably responsible f o r the very weak 
absorptions at 1170 and 1178 f o r the s a l t s d i m e t h y l -
t h a l l i u m d i t h i o p h o s p h i n a t e and d i m e t h y l t h a l l i u m bromide 
r e s p e c t i v e l y ( i n the s o l i d s t a t e ) . 

The bands due t o metal-methyl r o c k i n g v i b r a t i o n s 
i n the 700-800 r e g i o n were found t o have a r a t h e r character­
i s t i c contour (see F i g . B.). These were f i r s t i d e n t i f i e d 
i n simple compounds l i k e d i m e t h y l t h a l l i u m bromide, t r i -
m e t h y I g a l l i u m , d i m e t h y I g a l l i u m cyanide and d i m e t h y I g a l l i u m 
formate, where t h i s r e g i o n was not complicated by possible 
absorptions due t o other s t r u c t u r a l u n i t s , f o r example, 
aromatic hydrogen out-of-plane motions i n compounds con­
t a i n i n g the phenyl r i n g (Tables 18, 4, 2 and 26). Sub­
sequently the assignments were extended t o d i m e t h y I g a l l i u m 



- 50 -

acetate and (d"^) acetate, and to other compounds. 
Bands at 682 and 581, 588 and 538, and 528 and 484 

i n the i n f r a r e d spectra of the dimers (Me2A102PMe2)2» 
(Me2Ga02PMe2)2 and (Me2ln02pMe2)2 were assigned to be 

In 

due to metal-methyl as^ymetric and symmetric stretching 
modes respectively (Tables 3, 5 and 6.). Thus the expected 
decrease i n frequency with increasing mass on moving from 
aluminium to indium i s observed. Further, these bands 
were f a i r l y stable i n posi t i o n i n the various compounds 
investigated, and therefore, the assignments appear to 
be reasonably c e r t a i n . A band due to the asj^ymetric 

A 
str e t c h i n g mode of the dimethylthallium ion was found at 
540. The corresponding symmetric stretching mode has been 

(86) 
reported to cause a band at 498 i n the Raman spectrum . 
M - 0 Linkage (M = A l , Ga or I n ) . 

I n f r a r e d spectra of tris-acetylacetonates of aluminium, 
gallium and indium were examined by Djordjevic^ . Bands 
at 496, 446 and 434 were assigned to Al-0, Ga-0 and In-0 
stretching modes respectively. 

A strong band at 517 i n the infrared spectra of the 
dimer (Me2A10SPPh2)2 and a doublet (523 and 509) i n the 
same region f o r the analogous gallium dimer were assigned 
to be due to phosphorus-phenyl sk e l e t o l vibrations on 
the basis of v i b r a t i o n a l analyses of diphenylphosphine 

(92) 
and triphenylphosphine^^ \ Therefore, the metal-
sensitive bands at 454 and 403 i n the aluminium 
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compound, and. at 426 and 389 i n the gallium compound 
are considered to be due to Al-0 or Ga-0 stretching modes. 
The dimers evidently contain two i d e n t i c a l metal-oxygen 
bands, therefore two bands are observed i n each case due 
to symmetric and as^ymetric stretching v i b r a t i o n s . Similarly 

A 
the metal-sensitive lower frequency bands at 355 and 333» 
and 300 and 274 i n the aluminium and gallium compounds 
respectively are due to metal-sulphur stretching modes 
(Tables 9 and 10). 

I n the dimers {Me 2'^a02™^2^ 2 (Me ̂ InO ^PMe 2) 2 

the metal-oxygen stretching modes were observed at 483 
and 439> and 466 and 438 respectively (Tables 5 and 6). 
Thus f o r s i m i l a r compounds In-0 stretching modes absorb at 
s l i g h t l y lower frequencies than Ga-0 stretching modes. I n 
t h i s respect, the observation i s similar to that reported 
f o r the tris-acetylacetonates of these metals.. For the 
dimer (Me2G-a02AsMe2)2> "the Ga02 stretching modes absorbed 
at 433 and 408, s l i g h t l y lower than the analogous phosphorus 
compound (Table 19). 

I n the carboxylate series, single sharp bands were 
observed due to t h i s v i b r a t i o n at 513, 526 and 382 i n 
the i n f r a r e d spectra of the dimers (Me2Ga02CMe)2, 
(Me2Ga02CCD^)2 and (Me2Ga020H)2 respectively. Thus, i t 
was found that i n the various compounds investigated with 
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gallium-oxygen bonds, the bands due to Ga02 stretching 
modes were i n the range 380-525. 
M-S Linkage (M = A l , Ga or I n ) . 

No information was available on bands due to metal-
sulphur v i b r a t i o n a l modes, which would be expected to be 
i n the 250-400 region. Bands considered due to metal-sulphur 
vi b r a t i o n s i n the monomers Me2AlS2H![e2, Me2G-aS2PMe2 and 
Me2lnS2PMe2 were at 348, 314 and 313 respectively (Tables 
12, 14 and 15). Thus Al-S vibrations absorbed at higher 
frequencies than Ga-S and In-S modes, which were si m i l a r . 
Further, i n the monomer AllS^M.e2l ^ where the co-ordination 
number of aluminium presumably i s s i x , the aluminium-
sulphur v i b r a t i o n a l frequency dropped to 328. I n the dimers 
(Me2A10SPPh2)2 and (Me2Ga0SPPh2)2> bands 355 and 333, and 
300 and 274 were assigned to metal-sulphur stretching 
modes. 

S-0 Linkage. 
I n f r a r e d spectra of benzene sulphinic acids, esters 

/ oQ ^ 
and s a l t s have been measured by Detoni and Hadzi^ . 
Bands at 1090, 1126-36 and 1020 are due to S = 0 stretching 
or SÔ  ( s t r e t c h ) . i n the compounds benzene sulphinic 

d as 
acid, methylbenzene sulphinate and potassium benzene 
sulphinate r e s ^ c t i v e l y . S i m i l a r l y , bands at 860, 960 
and 980 respectively i n these compoimds must be due to 
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S-0 stretching or SO2 symmetrical stretching modes. The 
positions of these bands correspond w e l l to those of Raman 
bands, wherever there has been duplication of the work of 
Houlton and T a r t e r ^ T h e assignments given i n Tables 
21-23 are based on the above investigations. 
0-0 linkage. 

The assignments f o r GO2 stretching modes were made 
by comparing the spectra of d i f f e r e n t compounds examined 
w i t h t h i s s t r u c t u r a l u n i t , and also taking i n t o consideration 
the published data on the spectra of esters,^^^^ and acetate 
ions (these w i l l be described l a t e r i n connection with the 
structures of dimethylgallium acetate and related compounds). 
P-S Linkage. 

A strong band at 654 i n the infra r e d spectrum of the 
monomer MeAl( S2PPh2)2 was assigned to the P = S stretching 
mode (compare 656 f o r Ph2PS2H). 

Strong bands at 588 and 496, and 606 and 505 i n the 
i n f r a r e d spectra of dimethylthallium dimethyldithiophosphinate 
and caesium dimethyldithiophosphinate were assigned to PS2 
as^ymetrical and symmetrical stretching modes, because i n 
these simple molecules absorption i n t h i s region due to any 
other v i b r a t i o n a l mode was u n l i k e l y (Tables 16 and 17). 
Bands at 233 and 220 i n the t h a l l i u m and caesium compounds 
respectively were assigned to PS2 bending motions. 

For many other compoiinds investigated w i t h phosphorus-
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sulphur bonds, the frequencies f o r PS2 as^ymetric and 
A 

symmetric vibrations were similar to those quoted above. 
Miscellaneous Linkages.' 

The assignments f o r d i f f e r e n t s t r u c t u r a l features of 
the dimer (Me2G-a02AsMe2)2 involving arsenic, are described 
l a t e r . 

The assignments of P - Ph ske l e t a l vibrations are 
based on published e v i d e n c e ^ ( c o m p a r e 420 and 520 i n 
Ph^P and Ph2PH res p e c t i v e l y ) . Sulphur-phenyl skeletal 
v i b r a t i o n s were assigned by analogy with the phosphorus 
compounds. 
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Table 3. 
Inf r a r e d spectrum i n carbon disulphide (below 2000cm.""'') 

(Me2A102PMe2)2 Assignments 
1428 (s,sh) 
1316 (s) 
1307 (s) 
11-92 (vs) Al-CH. (d) 

3 ̂  sym 1192 (vs) ? 
1091 (vs) 

PO2 (str e t c h ) 

935 (w) 
878 (s) 

P-Me (rock) 

757 (m) 
728 (m) 

PMe2 (str e t c h ) 

682 (vs) AlMe2 (s t r e t c h ) 
581 (m) AlMe2 (str e t c h ) 

as 
sjm. 

Table 4. 
Inf r a r e d spectrum as vapour (pressure 15 mm.). 

Trimethylgallium Assignments 
1408 (vw, broad) 
1212 (s) 
1205 (s) 
1198 (s) 
769 (vs) 
735 (s) 
727 (s) 
587 (vs.sh) 
583 (vs) 
570 (vs) 

Ga-GH3 (^^as 

^--«H3 (^^sym 

Ga-Me (rock) 

GaMê  ( s t r e t c h ) 
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Table 5. 

In f r a r e d spectrum i n carbon disulphide and benzene, 

(Me2Ga02PMe2)2 Assignments 

1300 (m) P-CH, (d) 
1294 (m) 

1062 (vs) 
1112 (w) 

439 (m) 

3 ^"'sym 

1200 (m) Ga-GĤ  (d) 
1164 (vs) PO2 (stretch) 

sym 

923 (vw) P-Me (rock) 
870 (vs) 
747 (m) PMe„ (stretch) 
733 (m) ^ 
588 (m) GaMeo ( s t r e t c h ) ^ ^ 
538 (m) GaMe2 (str e t c h ) 
483 (m) Ga02 (str e t c h ) 

sym 

299 (w) PMe^ (d) 
283 (w) ^ 
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Table 6. 

Infr a r e d spectrum i n carbon disulphide and benzene, 

(Me2ln02PMe2)2 Assignments 

as 1418 (s,sh) P-GH3 (d) 
1299 (m) P-CH3 (d) 
1292 (m) ^ ^ 
1171 (vs) POg (s t r e t c h ) 
1057 (vs) 
1151 ( s) In-GH3 ( d ) ^ ^ ^ 
1121 (w) 
920 (vw) PMe (rock) 
866 (s) 
742 (m) PMep (st r e t c h ) 
713 (m) 
528 (m) InMe2 ( s t r e t c h ) ^ ^ 
484 (m) InMe2 (st r e t c h ) 
466 (ms) InOo (st r e t c h ) 
438 (s) 2 
278 (w) PMe2 (d) 

sym 
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Table 7. 

In f r a r e d spectrum i n carbon disulphide 

(Me2A102PPh2)2 Assignments 

P-Phenyl^ ^ 

^l-««3 ̂ ^^sym 

PO2 (str e t c h ) 

1431 (vs) 
1199 
1188 

(vs) 
(s,sh) 

1199 
1072 

(vs) ? 
(vs) 

1134 
1027 
998 

(vs) 
(m) 
(m) 

922 (vw) 
785 (vw) 
752 
730 
691 

(s) 
( s ) ^ 
(vs) 

683 (vs) 
620 (vw) 
604 
590 

(w) 
(w) 

548 (m) 

(i.p.d.) 

Al-Me (rock) 
Cĝ -H (o.p.d.) 

AlMe2 (st r e t c h ) as 

AlMe^ (st r e t c h ) 
2 sym 

P-Phenyl 
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Table 8. 

Infr a r e d spectrum i n carbon disulphide. 

(Me2Ga02PPh2)2 Assignments 
P-Phenyl 

PO2 (st r e t c h ) 

(i.p.d.) 

1431 (vs) 
1203 (ms) 
1180 
1067 
1048 

(s) 
(m,sh) 
is] 

1130 
1024 
998 

(vs) 
(ms) 
(m) 

751 
727 
700 
692 

(ms) 
(s) 
(m,sh) 
(s) 

594 (m) 
564 (ms) 
534 (m) 

Car"^ (o.p.d.) 

Galvle2 (stretch)^^^ 
P-Phenyl 
GaMê  (stretch) 

2 sym 
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Table 9, 

In f r a r e d spectrum i n carbon disulphide and benzene ( p r i n c i p a l 
bands only). 

(Me2A10SPPh2)2 Assignments 

1439 (vs) P-Phenyl 
1200 (m) 
1189 (m,sh) 

Al-CH. ( d ) ^ , ^ 3 sym 

1117 (s) 
1026 (ms) 
999 (m) 

Gĝ -̂H (i.p.d.) 

1064 (ms) 
1047 (ms) 

PO (s t r e t c h ) 

800 (m) 
750 (s) 
746 (s,sh) 

Al-Me (rock) 

727 (vs) 
715 (vs) 
691 (vs) 

Ĉ -̂H (o.p.d.) 

678 (s,sh) AlMe2 (stretch) 
656 (m,sh) 
629 (ms) 
61.2 (ms) 

PS (st r e t c h ) 

568 (m) 
548 (m) 

AlMe2 (str e t c h ) 

517 (vs) P-Phenyl 
454 (m) 
403 (m) 

AlO ( s t r e t c h ) 

355 (s) 
333 (ms,sh) 

AIS ( s t r e t c h ) 

as 

sym 
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Table 10. 

In f r a r e d spectrum i n carbon disulphide and benzene ( p r i n c i p a l 
bands only). 

(Me2GaOSPPh2)2 Assignments 

1431- (vs) P-Phenyl 
1199 (m) Ga-CH. (d) 

3 ̂  sym 1117 
1027 
999 

(vs) 
(ms) 
(m) 

Cĝ -̂H (i.p.d.) 

1089 
1066 

(s) 
(s) 

PO (str e t c h ) 

751 
745 

(s) 
(s,sh) 

Ga-GĤ  (rock) 

720 
707 
692 CD

 
CQ
 C
D Gĝ -̂H (o.p.d.) 

676 (m) 
625 (s) PS (str e t c h ) 
604 (vs) GaMê  (s t r e t c h ) 2 ̂  'as 
533 (s,sh) GaMê  (s t r e t c h ) 

2 sym 523 
509 

(vs) 
(ms,sh) 

P-Phenyl 

426 
389 

(m) 
(m) 

GaO (str e t c h ) 

300 
274 

[ vs) 
(w,sh) 

GaS (str e t c h ) 
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Table 11.. 

In f r a r e d spectriun i n carbon disulphide and benzene ( p r i n c i p a l 
bands only). 

MeAl(S2PPh2)2 Assignments 
1437 (vs) P-Phenyl 
1307 (w) 
1182 (m) . Al-GH. (d) 

3 sym 
1105 
1101 
1028 
1000 

(s) 
(s) 
(m) • 
(m) 

Cĝ p-H (i.p.d.) 

813 
785 

(w) 
(w) 

Al-Me (rock) 

744 
709 
689 

( s ) ^ 
(vs) 
(vs) 

°ar"^ (o.p.d.) 

673 (s) Al-Me (stretch) 
654 (s) P = S (stretch) 
633 (m,sh) 
612 (m) 
566 (vs) PS^ ( s t r e t c h ) ^ 
529 (w) P-Phenyl 
485 (s) PSo (stretch) 2 'sy: 
391 
373 

(s) 
(m,sh) 

AIS2 (stretch) 

329 
312 

(m) 
(m,sh) 

Al-S (st r e t c h ) 

230 (m) 
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Table 12. 

Infr a r e d spectrum i n carbon disulphide and benzene 
Me2AlS2PMe2 Assignments 
1414 (s) P-GH. (d) 
1403 (s) 3 as 
1395 (ms) 
1296 (m) P-CH. (d) 1287 (s) 3 sym 

1186 (s) ^ Al-GH. (d) 
1174 (w,sh) ^ 
991 (w) P-Me (rock) 
948 (vs) 
912 (vs) 
853 (s) 
762 (s) Al-Me (rock) 
740 (s) PMe^ (st r e t c h ) 
729 (s) 
687 (vs) AlMe2 (st r e t c h ) 
646 (ms,sh) 
599 (ms) PSp (str e t c h ) 5B5 (ms) 2 as 
579 (^s) AlMe2 (s t r e t c h ) 

as 

sym 
505 (s) PSp (stretch) 
493 (m) ^ 
394 (w) 
348 (vs) AIS2 (stretch)^g 
310 (m) AIS2 {stretdn)^^^? 

292 (vw) 
271 (m) PMe2 (d) 



- 64 -

Table 13. 

Inf r a r e d spectrum f o r Nujol mull and benzene solution. 

Al(S2PMe2)3 
}290 (vw,sh) 
1280 (m) 
1160 (vw) 
956 (s) 
944 (s) 
921 (s) 
909 is) 
858 (w) 
847 (m) 
741 (m,sh) 
729 (s) 
601 (s) 
587 (ms) 
501 (m) 
328 (vs) 
308 (s,sh) 
272 (m) 
264 (m) 

Assignments 

-̂̂ ^̂ 3 (^^sym 

847 + 308 = 1155? 
P-Me (rock) 

PMeg (s t r e t c h ) 

PS2 (stretch)g^g 

PS2 ( s t r e t c h ) ^ ^ ^ 
AIS2 (s t r e t c h ) 

PMe2 (d) 
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Table 14. 

In f r a r e d spectrum i n carbon disulphide and benzene, 

Me2GaS2PMe2 

1418 
1406 
1397 
1292 
1282 
1190 
944 
908 
850 
761 
735 
725 
590 
590 
537 
503 
314 
277 
267 

s,sh) 
s,sh) 
ms) 

ms) 
ms) 
vs) 
vs) 
s) 
ms) 
s, sh) 
vs) 
vs) 
vs) ? 
ms) 
s) 
vs) 
m. sh) 
s) 

Assignments 

^-^^3 ( d ) g 3 

P-GH3 (d) sym 

P-Me (rock) 

Ga-Me (rock) 
PMe2 (str e t c h ) 

Ga]VIe2 (stretch)^g 
PS2 (stretch)^g 
GaMe2 (stretch)^^^^^ 
PS2 (stret c h ) g y ^ 
GaS2 (stretch)gg 
PMe2 (d) 
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Table 15. 

Infr a r e d spectrum i n carbon disulphide and benzene 

Me^InS^PMe^ Assignments 

1416 
1406 
1397 

(ms,sh) 
(m,sh) 
(m) 

P-CH3 ( d ) ^ 3 

1294 
1284 

(w) 
(m) ^-^«3 (^^sym 

1147 (vw) In-CH. (d) 
3 sym 948 

911 
898 
852 

(s) 
(s) 
(w,sh) 
(m) 

P-Me (rock) 

738 
724 

(m) 
(ms) 

PMe^ (str e t c h ) 

596 (s) PS^ ( s t r e t c h ) ^ 
c. 3*3 

508 (w) InMe^ (st r e t c h ) 2 a 
496 (ms) PS^ (str e t c h ) 2 'sym 
323 
313 

(ms,sh) 
(s) 

InS2 ( s t r e t c h ) 

271 
256 

(m) 
(m) 

PMe2 (d) 
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Table 16. 

In f r a r e d spectrum i n potassium bromide disc and f o r Nujol 
mull. 

Me2TlS2PMe2 Assignments 
1404 (m) ^-^«3 (^^as 
1290 (vw) 
1280 (ms) 
1170 (vw) Tl-GH. (d) 

3 ^ sym 1087 (vw) 
943 (vs) 
909 (vs) 
847 (m) 

P-Me (rock) 

797 (s) Tl-Me (rock) 
733 (m) 
710 (s) 

PMe^ (s t r e t c h ) 

588 (vs) • PS2 (stretch)g_g 
540 (m) Me-Tl-Me (stretcli)^ 
496 (ms) ( s t r e t c h ) ^ ^ ^ 
295 (m) 
287 (w,sli) 

PMe2 (d) 

233 (ms) PS2 (d) 



- 68 -

Table 17-

I n f r a r e d spectrum i n potassium bromide disc and f o r Nujol 
mull. 

Cs(S2PMe2) Assignments 
1418 (m) P-CH. (d) 
1404 (ms) ^ as 

1290 (m) P-CH3 (d) 
1279 (s) ^ ^ 
1105 (vw) 
952 (s) P-Me (rock) 
915 (vs) 
847 (s) 
734 (s) PMe^ (str e t c h ) 
715 (vs) 
606 (vs) PSo (stretch)^„ 

c. as 
sym 505 (vs) PS2 ( s t r e t c h ) 

282 (s) PMe2 (d) 

220 (s) PS2 (d) 

Table 18. 

I n f r a r e d spectrina i n potassium bromide disc. 
Me^TlBr Assignments 

1178 (vw) Tl-CH3(d)gy^ 
800 (vs) Tl-Me (rock) 
541 (ms) Me-Tl-Me ( s t r e t c h ) ^ ^ 
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Table 19* 

I n f r a r e d spectrum i n carbon disulphide and benzene, 

[e2Ga02AsMe2)2 Assignments 

1267 
1259 

(m) 
(w) As-CH. (d) 

3 ^ sym 
1194 (m) Ga-CH. (d) 

3 sym 
897 
865 

(s) 
(s) ASO2 ( s t r e t c h ) 

884 
818 

(vs) 
(m) As-Me (rock) 

738 
725 

(ms.sh) 
(ms) Ga-Me (rock) 

675 (vs) AsMe^ (str e t c h ) 2 'as 
642 (m) AsMe^ (st r e t c h ) 

^ sym 
580 (m) GaMê  (s t r e t c h ) <̂  as 
535 (m) GaMê  (s t r e t c h ) 

2 sym 
433 
408 

(s) 
( s ) 

Ga02 (stretch) 

283 
269 

(ms) 
(m) AsMe2 (d) 
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Table 20. 

In f r a r e d spectrum done as l i q u i d . 
Me2AsI Assignments 
1805 (vw) 1249 + 565 = 1814 ? 
1550 (vw) 
1414 (vs) As-CH. ( d ) ^ ^ 
1404 (vs) J as 
1393 (vs) 
1249 (vs) AS-CH3 (d)gy^ 
1130 (vw) 897 + 227 = 1124 ? 
897 (vs) As-Me (rock) 
828 (vs) 
794 (vw) 5.65 + 227 = 792 ? 
748 (vw) 

575-565 (vs, broad band) AsMe2 (str e t c h ) 
227 (vs) As-I (st r e t c h ) 
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Table 21. 

In f r a r e d spectrum i n potassium bromide disc ( p r i n c i p a l bands 
only). 

Ba(02SPh)2 Assignments 
1443 (ms) S-Phenyl 
1088 (m) -H (i.p . d . ) 
1020 (m.sh) 
971 (s) 
986 (vs) SÔ  ( s t r e t c h ) 
960 (vs) ^ 
751 (m.sh) -H (o.p.d.) 
744 (s) 
704 (ms) 
689 (s) 
581 (s) S-Phenyl 
505 (ms) S0„ (d) 
487 (m) 

Table 22. 
Inf r a r e d spectrum i n carbon disulphide ( p r i n c i p a l bands 

only). 
(Me2A102SPh)2 Assignments 
1445 (s,sh) S-Phenyl 
1192 (ms) AI-CH3 (d)gy^ 
1089 (m) (i.p.d.) 

1027-1005 ( s , broad band) SÔ  ( s t r e t c h ) 
980-970 ( s , broad band) 

753 (s) -H (o.p.d.) 
704 (vs) 
688 (vs) 
620 (m) AlMe^ ( s t r e t c h ) ? 
612 (w) 2 

588 (w) S-Phenyl 
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Table 23. 

Infr a r e d spectrum i n carbon disulphide and benzene 
( p r i n c i p a l bands only). 

(Me2Ga02SPh)2 Assignments 
1445 (sO S-Phenyl 
1203 (s) Ga-CĤ  (d) 
1124 (m) ' -H (i.p.d.) 
1082 (m) 
1048 (m) 
1005 (vs) SO2 ( s t r e t c h ) 
941 (s) 
735 (s) C -H (o.p.d.)^ 
697 ( s ) 
683 (s) 
584 (m) GaMê  (stretch)„^ 

sym 

a 

539 (w) Gar/le2 ( s t r e t c h ) 
459 (s) GaÔ  (stretch) 
420 (s) 
352 (ms) 
329 (m,sh) 
275 (w) 

These bands were not sharp, unlike a l l other compounds 
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Table 24. 

Inf r a r e d spectrum measured as Nujol mull and 0^01 
solution. 2-̂ 4 

(Me2Ga02GIie)2 Assignments 
1754 (w) 1203 + 549 = 1752 ? 
1534 (vs) 
1471 (vs) 

CO2 (stretch) 

1408 (vs) C-CH, (d) 
3 sym 1203 (s) Ga-GH, (d) 

3 ^ sym 1053 (m) 
1030 (ms) • 

965 (m) 
761 (ms,sh) 
740 (s) 

. 695 (vs) 
Ga-Me (rock) 

612 (m) 
601 (s) GaMê  (s t r e t c h ) 2 ̂  'as 
549 (ms) GaMê . (str e t c h ) 

2 'sym 513 (m) Ga02 (str e t c h ) 
329 (m) 
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Table 25. 

In f r a r e d spectrum measured as Nujol mull and G2C1^ solution. 

(Me2Ga02CGD3)2 Assignments 
1754 (w) 1203 + 548 = 1751 ? 
1515 (vs) 
1475 (vs) 

CO2 ( s t r e t c h ) 

1447 (s) 
1203 (s) Ga-CH, (d) 

3 ^ sym 1092 (w) 
1055 (m) 
1029 (ms) 
929 (ms) 
918 (ms) 
841 (s) 
758 (s,sh) 
735 (vs) 
696 (ms) 

Ga-Me (rock) 

661 (vs) 
600 (vs) GaMe„ (s t r e t c h ) 2 ̂  as 
548 (ms) GaMê  ( s t r e t c h ) 

2 ̂  sym 526 (m) Ga02 (str e t c h ) 
471 (w) 
314 (m) 
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Table 26. 

Inf r a r e d spectra f o r Nujol mull and C2C1^ solution, 

(Me2Ga02GH)2 Assignments 
1616 (vs) 
1587 
1555 

(vs) 
(vs) 

GO2 ( s t r e t c h ) 

1377 
1353 

(vs) 
(vs) 

1206 
1202 
1192 

(ms) 
(ms) 
(ms) 

Ga-GH. (d) 
3 ̂  'sym 

823 (s) 
738 
720 
699 

(vs) 
(s,sh) 
(ms,sh) 

Ga-Me (rock) 

606 (s) GaMe„ (s t r e t c h ) 2 as 
549 (m) GaMê  (s t r e t c h ) 

2 sym 382 (m) GaOp (st r e t c h ) 
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Phosphinates of Group I I I Elements. 
A ligand with two p o t e n t i a l l y co-ordinating groups, 

f o r example, a diamine NH2(CH2)^NH2 or an amino acid 
NH2( GH2)j^C00H, can function as a chelate group i f i t i s 
geometrically possible to form a r i n g of low s t r a i n , as 
i n the formation of carbon rings i n organic chemistry. As 
a r e s u l t of s t e r i c s t r a i n the energy of bond formation i s 
low f o r small rings but increases as increasing size of 
the r i n g relieves s t r a i n . However, the s t a b i l i s i n g influence 
of chelation, which appears i n the entropy term, i s greatest 
f o r small rings. These two terms, working i n opposite 
d i r e c t i o n s , produce a maximum s t a b i l i t y i n a five-membered 
saturated r i n g . An i n t e r e s t i n g i l l u s t r a t i o n of t h i s i s 
given by 1 , 2 , 3-triaminopropanetetrachloroplatinum ( I V ) . Both 
f i v e - and six-membered rings are possible f o r the triamine, 

(Q^) 

which behaves as a bidentate ligand. Mann^ resolved the 
complex i n t o o p t i c a l isomerides, and thus demonstrated the 
dissymetric five-membered r i n g structure. 

I t i s of i n t e r e s t that f o r aromatic ligands or chelates 
w i t h conjugated linkages, the six-membered rings are more 
common. This may be due t.o wider bond angles i n these 
ligands. Therefore, the formation of monomers such as (^q) f41) dime thy I g a l l i u m acetylacetonate''-^-^ and the indium^ ' 
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analogue from reactions between acetylacetone and the 
trimethyl-metal i s understandable. 

However, the formation of larger or smaller rings i s 
not completely excluded. Gompounds have been described 
containing the s u c c i n a t e ^ \ sulphonyldiacetic^ ^ and 
NH2(CH2)gNH2 l i g a n d s ^ ^ ^ \ i n which there are seven-, eight-
and nine-membered rings respectively. Carbonate, Mv /GO, 

0. ^ 0 ^ 
and sulphate, MC ">SOr, complexes are among the more common' 

0^ ^ 
four-membered chelates, formed w i t h elements of octahedral 
stereochemistry. There i s hardly any evidence that oxy-acid 
ligands can form four-membered rings w i t h elements of 
tetr a h e d r a l stereochemistry. This may be due to greater 
s t e r i c s t r a i n involved f o r the necessary deformation of 
bond angles when the metal i s i n a tetrahedral rather than 
an octahedral environment. 

The s u b s t i t u t i o n - a d d i t i o n reactions of excess b e r y l l i u i i i ( i l ) 
and chromium(III) acetylacetonates w i t h diphenylphosphinic 
acid were investigated i n a study of new preparative routes 

(Q7-qq) 

f o r the synthesis of co-ordination polymers. ' These 
reactions were carried out i n melts from which the dimers 
[Be(C5H^02)(Ph2P02)]2 and CGr(0^1^02)2(Ph2P02)]2 were 
obtained. Some polymers were isolate d , f o r example, 
[Be(02PPli2)2]x when the acid was i n excess. The molecular 
weights were measured by d i f f e r e n t methods (e.g. e b u l l i o -
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scopically i n benzene). Par these materials, eight-membered 
r i n g structures s i m i l a r to that mentioned f o r dimethylgallium 
acetate dimer (see i n t r o d u c t i o n section, page 31) were 
postulated but not established because the alternative 
four-membered r i n g structures were not taken into consideration. 
The polymeric dimethyl-, and diphenyl-phosphinates of 
cobalt have also been d e s c r i b e d ^ ^ 

No information was available on the phosphinates of 
group I I I metals. Dimethylaluminium dimethylphosphinate 
and i t s analogous gallium and indium compounds were obtained 
from reactions between a suspension of dimethylphosphinic 
acid i n benzene and a solution of the trimethyl-metal i n 
the same solvent, under an atmosphere of nitrogen. Addition 
of the acid to the trimethyl-metal caused a l i v e l y reaction 
w i t h gas evolution, and the products of the reaction 
remained dissolved i n the solvent. The solvent was removed 
under reduced pressure, leaving a v/hite s o l i d . Pure 
dimethyl-metal phosphinates were obtained from t h i s residue 
by vacuum sublimation as colourless c r y s t a l s . The melting 
points increased on moving from aluminium to indium (43°> 
54° and 75-76°G res p e c t i v e l y ) . These compounds were a i r -
sensitive because i t was not possible to obtain satisfactory 
i n f r a r e d spectra on materials which had been exposed to a i r . 
The phosphinates were soluble i n organic solvents ether, 
benzene, carbon disulphide and carbon t e t r a c h l o r i d e . 
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The molecular weights were determined cryoscopically 
i n benzene and the phosphinates were shown to be dimers. 
Structures I I I and IV are possible for these dimers i n which 
the metals can a t t a i n four-co-ordination (M = Al , Ga or I n ) . 

PMe^ Mê P = 0 

Mê M i / ^ MMê  Mê M 

' \ / 
0 0 

Me2P Me2P = 0 

I I I IV 

For structure I I I the phosphorus-oxygen bonds are very 
s i m i l a r . But for' structure IV the phosphorus-oxygen bonds 
are d i f f e r e n t , and free P = 0 i s retained, which does not 
pa r t i c i p a t e i n co-ordinate bond formation. Therefore, 
i n f r a r e d spectroscopy can be used to choose between these 
structures. I n the ester Me2P02Me where a d i s t i n c t i o n 
between two types of phosphorus-oxygen bonds i s apparent, bands 
due to P = 0 and P - OMe stretching modes are observed at 
1230 and 1042 cm"""̂  respectively (Pig. A). These bands which 
are so wide apart i n the ester move closer together i n the 
sal t s where any d i s t i n c t i o n between two types of phosphorus-
oxygen bonds disappear, and asj^ymetric and symmetric modes 
are observed (compare 1168 and 1068 cm"-'- i n NaO^PMe^). Por 
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dimethylgallium dimethylphosphinate and analogous indium 
and aluminium compounds, bands considered due to phosphorus-
oxygen stretching modes are observed at 1164 and 1062, 
1171 and 1057, and 1091 and (probably) 1192 cm""'- respectively. 
These bands disappeared i n the infrare d spectra of the 
corresponding dithiophosphinates. Therefore, structure I I I 
i s considered to represent the dimethylphosphinates of 
aluminium, gallium and indium. 

Dimethylaluminium diphenylphosphinate and the corresponding 
gallium compound were prepared from diphenylphosphinic acid 
and the trimethyl-metal. Removal of the solvent under reduced 
pressure l e f t a white residue, from which the phosphinates 
were obtained by vacuum sublimation at about 160°G. These 
are less v o l a t i l e and higher melting than the corresponding 
dimethylphosphinates. However, l i k e the dimethylphosphinates 
they are soluble i n many organic solvents. The molecular 
weights were determined cryoscopically i n benzene and the 
compounds were found to be dimers. Bands due to phosphorus-
oxygen v i b r a t i o n s were observed i n the inf r a r e d spectra at 
1180 and 1048, and 1072 and probably near 1199 cm"-"- f o r the 
gallium and aluminium compounds respectively. Therefore, 
structure V i s considered to represent these compounds 
(M = A l or Ga). 
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0 ' ^ 0 

Mê M̂  MMê  \ ^ 2 

0 . , 0 

Ph2P 

V 

F i n a l l y i t may be mentioned that the infrar e d spectra 
of t r i m e t h y l - and triphenyl-phosphine oxide and a number 
of t h e i r complexes w i t h various t r a n s i t i o n metal cations have 

(101-106) 
been described, i n a study of the properties of these compounds. 
I t was found that complex-formation causes the phosphorus-
oxygen str e t c h i n g frequencies to s h i f t about 50cm~''' to lower 
values. Since a simple kinematic ef f e c t would raise the 
frequency, an explanation i n terms of a lowering of P-0 bond 
order has been proposed. 
Thiophosphinates of Group I I I Metals. 

No information was available on the thiophosphinates 
of group I I I metals. Bimethylaluminium thiophosphinate and 
the corresponding gallium compound were prepared from d i -
phenylthiophosphinic acid and the trimethyl-metal. Removal 
of the solvent under reducedpressure l e f t a white residue, 
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from which the thiophosphinates were obtained by vacuum 
sublimation at 160-80°'G. These are s l i g h t l y less v o l a t i l e 
and higher melting than the corresponding diphenylphosphinates. 
However, l i k e the other phosphinates they are soluble i n many 
organic solvents. The molecular weights were determined 
cryoscopically i n benzene and the compounds shown to be dimers. 

Diphenylthiophosphinic acid-could have structures 
represented by IV or V. I n the i n f r a r e d spectrum of the acid 

^ ^ ^ ^ 0 ^OH 

IV V 

(pressed potassium bromide d i s c ) , strong bands a t t r i b u t a b l e 
to P - OH and P = S vibra t i o n s were observed at 892 and 6 3 3 cm""*" 
respectively. Therefore, the acid i s best represented by 
structure V. The 1100 cm region where P = 0 vibrations 
required by struct\ire IV may be expected to absorb, was masked 
by the presence of bands due to aromatic hydrogen in-plane-
deformation modes though these are normally not so intense 
as P = 0 stretching bands. Hence, available data cannot w i t h 
c e r t a i n t y decide betv/een structures IV and V, but does f a i r l y 
strongly indicate the l a t t e r . However, t h i s problem i s not 
very relevant t o the question of the structures of the 
aluminium or gal l i u m thiophosphinate dimers. Bands due to 
phosphorus-oxygen and phosphorus-sulphur vibrations were 
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observed at 1064 and 1047, and 629 cm"''" f o r the aluminium 
compound. Similar bands were observed at 1089 and 1066, 
and 625 cm f o r the gallium dimer. Thus, i n the in f r a r e d 
spectra of these compounds, bands due to free P = 0 
vib r a t i o n s were not observed, and p a r t i a l double bond 
character of P - S bonds was retained. However, there was 
a s l i g h t s h i f t of phosphorus-sulphur stretching frequencies 
to lower values. F i n a l l y by analogy with the phosphinates 
a resonance structure may be expected (VIA and VIB; M = Al 
or Ga). 

PPh2 /̂ PPh2 

O S 0 ^S 

Mê M ^ "^MMeo Me^M)/^ ^Me, 2 .̂.̂ ^̂ ^ / 2 2 \ ^ y " 

PPh2 PPh2 

VIA VIB 

Dithiophosphinates of Group I I I Metals 
Dimethylaluminium dimethyldithiophosphinate and the 

corresponding g a l l i i i m and indium compounds were prepared 
by methods analogous to those used f o r the other dimethyl-
metal phosphinates described before. A l l these compounds 
were s u f f i c i e n t l y v o l a t i l e to be p u r i f i e d by vacuiim sublimation 
as colourless c r y s t a l s , and t h e i r melting points increase on 
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moving from aluminium to indium ( 1 0 3 - 4 , 1 5 3 - 4 , and 
1 8 4 - 5 ° G r e s p e c t i v e l y ) . Further, each compound i s higher 
melting than the corresponding dimethylphosphinate. The 
aluminium compound i s very sensitive to a i r , and sometimes 
caught f i r e when touched with a drop of water ( t h i s was 
si m i l a r to the behaviour of dimethylaluminium cyanide 
tetramer and i n contrast to dimethylaluminium dimethyl­
phosphinate and other dimers). The compounds are soluble 
i n many organic solvents. Molecular weights were determined 
cryoscopically i n benzene and the dithiophosphinates were 
found to be monomers. Therefore, i n contrast to phosphinate 
and thi0phosphinate ligands, the dithiophosphinate group 
can function as a chelating ligand to metals of tetrahedral 
stereochemistry ( V I I ; M = A l , Ga or I n ) . 

V I I 

These monomers did not react with trimethylamine. 
When oxygen i s attached to saturated carbon or nitrogen, 

the bond angle at oxygen i s w i t h i n a few degrees of the 
tet r a h e d r a l angle i n every case (except f o r small r i n g 
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compounds, e.g. with carbonate or sulphate ligands which 
involve "bent" bonds) and i s generally s l i g h t l y smaller 
than the tetrahedral angle due to lone-pair repulsions 
being greater than bond-pair repulsions; ' However, the 
attachment of oxygen to an aromatic r i n g (e.g. diphenyl 
ether) causes the lone-.pair electrons p a r t i a l l y to delocalise 
i n t o the aromatic system, the 0-C bonds acquire some double-
bond character and the bond angle increases to greater values 
than the tetrahedral angle (compare 108° and 124° i n EtgO 
and Ph20 re s p e c t i v e l y ) . There i s no great tendency f o r the 
lone-pair electrons i n S,Se and Te to delocalise into an 
aromatic system. Therefore, the bond angles i n diarylsulphides 
and related compounds are smaller than the tetrahedral angle 
[compare 109°, 106° and 101° i n (p-CH^CgH^)2S, (p-CH^CgH^)2Se 
and (p-CH^CgH^)2Te r e s p e c t i v e l y ] . 

Attachment of oxygen or nitrogen to atoms with incomplete 
valency shells causes s i m i l a r delocalisation of lone-pair 
electrons i n t o the valency s h e l l of these atoms and corres­
ponding increase i n the bond angle, as was described f o r 
aromatic systems. Thus the Si-O-Si angle i s generally found 
i n the range 130-160° i n various s i l i c o n compounds [e.g. 

0 (10'^^ 130 i n (01^31)20 and 155 i n H^SiOSiH^]. Further, the 
compound N(SiH-^)^ i s planar with 120° bond angle, and i t has 
been suggested that these large bond angles are due to p - d_ 

TC Til 

bonding between nitrogen or oxygen and s i l i c o n . When oxygen 
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i s replaced by S,Se or Te, i t i s found that the X-S-X, 
X-Se-2: and X-Te-X bond angles (X i s an element from second 
or higher periods) are consistently smaller than the tetrahedral 
angle and sometimes approach 90° as i n H2S. The p o s s i b i l i t y 
of a smaller valency angle at S leads, i n several cases, to 
the structure of a sulphur* compound d i f f e r i n g from the oxygen 
analogue. Thus although both the t r i m e r i c hexamethylcyclo-
t r i s i l o x a n e (A) and hexamethylcyclotrisilthiane (B) are 
known, of the corresponding dimeric compounds only the 
sulphur compound, te t r a m e t h y l c y c l o d i s i l t h i a n (C) i s known. 
The structure of t h i s compound requires the Si-S-Si bond angle 

SiMe, SiMe, 

0 0 

SiMe, MegSi SiMe, 

0 

A B 

to be 90*̂  or less; i n f a c t i t i s 75° ^^^K I t i s evident 
that oxygen, with i t s complete valency s h e l l and with i t s 
tendency to delocalise i t s lone-pair electrons i n t o the Si 
valency s h e l l , does not r e a d i l y achieve such a small bond 
angle. Smaller angles are more easily attained by elements 
of second or higher periods. 
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The P-O-P bond angles are considerably greater than 
the t e t r a h e d r a l angle due to p a r t i a l double-bond character 
of P-O-P bonds r e s u l t i n g from delocalisa.tion of oxygen lone-
pair electrons (compare 129°, 124° and 132° i n P^Og, P̂ O-Ĵ Q 
and the tetrametaphosphate ion T^O-^^ ^ respectively). 
However, the P-S-P bond-angle i n P̂ S-̂ Q̂ i s 109° and the 
compound P^Sg does not e x i s t . Furthermore, i n the compounds 
P^S^, P^S^- and P^S^, which have no oxygen analogass, the 
P-S-P bond-angles are 102°, 107° and 106° respectively. 
Therefore, the a b i l i t y of thedithiophosphinate group to 
function as a chelating ligand i s understandable. 

The greater r e a c t i v i t y of dimethylaluminium dimethyl-
dithiophosphinate (compare the corresponding phosphinates 
and other dimers which did not cat^ch f i r e i n a i r when 
touched w i t h a drop of water), inspired an attempt to prepare 
the tris-compound. This was obtained from a reaction 
between trimethylaluminium.and three equivalents of the acid 
i n benzene at room temperature. Removal of the solvent under 
reduced pressure l e f t a white s o l i d , from which pure 
aluminium tris(dimethyldithiophosphinate) was collected by 
vacuum sublimation at 190°C, i n about 50?̂  y i e l d . No methane 
was detected v?hen a sample of the compound was hydrolysed i n 
the vacuiAm l i n e w i t h 2N-sulphuric acid. The compound was 
reasonably soluble i n benzene and was shown to be a monomer 
i n t h i s solvent (exposure to traces of a i r makes the material 
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at least p a r t l y insoluble i n benzene). However, the 
substance was only sparingly soluble i n carbon disulphide 
and the i n f r a r e d spectrum was recorded, f o r Nujol mull. 
The potassium bromide disc method (which i s usually very 
s a t i s f a c t o r y f o r a i r - s t a b l e materials) did not give good 
re s u l t s and t h i s i s a f u r t h e r i n d i c a t i o n to the a i r - s e n s i t i v e 
character of t h i s compound. No bands a t t r i b u t a b l e to P = S 
vibr a t i o n s were observed i n the inf r a r e d spectrum of the 
compound. The doublet i n the 600 cm region (601 and 587 cm "̂ ) 

W i i-s considered due to PS2 asymmetrical stretching modes by 
analogy w i t h a si m i l a r doublet (599 and 585 cm •̂ ) i n 
Me2AlS2PMe2 monomer, where there i s no P = S s t r u c t u r a l 
u n i t . I t should be added that bands due to PS2 symmetrical 
stretching v i b r a t i o n s were.identified at lower frequencies 
f o r both compounds (501, and 505 and 493 cm""̂  f o r the t r i s -
and mono-dithiophosphinates respectively). Pjinally, bands 

In 

due to PS2 as/ymetrical and symmetrical stretching modes 
were observed at 606 and 505 cm i n caesium dimethyldithio­
phosphinate. Therefore, i t appears that the aluminium 
atom i n the monomeric t r i s - compound i s i n an octahedral 
environment, and each of the dithiophosphinate ligand acts 
as a chelating group. 

The i n v o l a t i l e compound MeAl(S2PPh2)2 was obtained 
from trimethylaluminium•and the corresponding acid. I t was 
shown to be a monomer i n benzene. A strong band a t t r i b u t a b l e 



- 8 9 -

to P = S v i b r a t i o n was observed at 654 cm (compare 656 cm 
f o r P = S stretching mode i n Ph2PS2H). Further, bands due 
to PS2 asymmetrical and symmetrical stretching modes were 
.observed at 566 and 485 cm respectively. Therefore, 
structure V I I i s suggested f o r the monomer. 

Ph^P 

PPh. 

V I I 

The compound was soluble i n many organic solvents. 
Dimethylthallium dimethyldithiophosphinate was obtained 

from the reaction between dimethylthallium cyanide and 
dimethyldithiophosphinic acid i n a mixture of water and 
alcohol. I t was p u r i f i e d by r e c r y s t a l l i s a t i o n from hot 
ethanol as a white g l i s t e n i n g s o l i d . The compound was non­
v o l a t i l e , insoluble i n benzene and decomposed at 185°C. 
I t was s l i g h t l y soluble i n water, and i n t h i s mediiMthe 
conductance measurements were carried out at 25°C. The 
r e s u l t s are given i n the experimental section and the p l o t 
of equivalent conductance against the square-root of concen­
t r a t i o n i n moles/litre i s shown i n graph 4" 

For a 1:1 e l e c t r o l y t e the Debye-Huckel-Onsager conductance 
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equation, assuming complete dissociation, may be w r i t t e n 
i n the form 

A.= Ao - ( A + B A ^) J T 

where A and B are 6 0.20 and 0 . 2 2 9 respectively f o r water 
at 25°G, and the concentration given i n mole s / l i t r e . Therefore 
from graph 4 , an expression can be w r i t t e n , &s given below: 

55.-0 = A Q - ( 6 0 . 2 0 + O.229A0) ( 0 . 1 0 4 ) 

Therefore,/\ Q = 6 2 . 7 and the slope of the l i n e A + B A Q = 

7 4 . 6 . The observed^"^^^^ Onsager slopes f o r L i C l , NaNÔ , 
KBr, KCNS and GsCl are 81.1., 8 2 . 4 , 8 7 . 9 , 7 6 . 5 and 76.0 
respectively. The calculated slopes being 7 2 . 7 , 7 4 . 3 , 

8 0.2, 7 7 . 8 and 8 0 . 5 respectively. Hence i t i s concluded 
that the t h a l l i u m compound behaves as a strong uni-univalent 
e l e c t r o l y t e i n water at 2 5 ° C , £Me2Tl]'^ CS2PMe2]~. 

The i n t e r e s t i n g question arises about the p o s s i b i l i t y 
of t h i s compound being present as four-membered rings i n 
the s o l i d state, s i m i l a r to the analogous aluminium, 
gallium and indium dithiophosphinates, which were shown to 
be monomeric i n benzene. The lack of v o l a t i l i t y and s o l u b i l i t y 
i n benzene i s an i n d i c a t i o n that the thallium compound i s a 
s a l t i n the s o l i d state. Furthermore, the bands assigned 
to d i f f e r e n t s t r u c t u r a l features of the dithiophosphinate 
group, i n the inf r a r e d spectrum of the th a l l i u m compound 
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were very s i m i l a r to those i n caesium dimethyldithio­
phosphinate (prepared from caesium carbonate and the acid) 
which i s doubtless a s a l t . Bands due to the Me2Tl group 
were s i m i l a r to those i n dimethylthallium bromide (See Fig. C) 
which i s a s a l t , and the Me2Tl group i s l i n e a r . These 
spectra were recorded f o r pressed potassium bromide discs, 
and the presence of four-membered rings i n dimethylthallium 
dimethyldithiophosphinate i n the s o l i d state would have 
involved non-linear Me2Tl groups, hence, the spectrum should 
have been d i f f e r e n t from that observed f o r the li n e a r 
group i n dimethylthallium bromide. I t i s of int e r e s t that 
no strong bands due to the symmetrical deformation of the 
methyl groups were observed,,this being forbidden i n the 
i n f r a r e d f o r the l i n e a r Me2Tl group. I t seems, then, 
that Me2Tl[S2PMe2] i s also a s a l t i n the s o l i d state as i n 
so l u t i o n i n water. 
Sulphinates of Group I I I Metals 

The compound aluminium t r i s ( e t h y l s u l p h i n a t e ) obtained 
from the reaction between sulphur dioxide and tr i e t h y l a l u m ­
inium has been d e s c r i b e d ^ ^ But the molecular weight of 
t h i s substance was not measured. Furthermore, no other 
information was available about any sulphinates of. group I I I 
metals. I n the present work, dimethylaluminium benzene-
sulphinate and i t s analogous gallium compound were obtained 
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from reactions between benzene sulphinic acid and the 
trimethyl-metal i n ether or benzene, under an atmosphere 
of nitrogen. Addition of the acid to the t r i m e t h y l -
metal caused a l i v e l y reaction with gas evolution, and 
the products of the reaction remained dissolved i n the 
solvent.. The solvent was removed under reduced pressure, 
leaving a white s o l i d . Pure dimethyl-metal sulphinates 
were obtained from t h i s residue by vacuum sublimation at 
about 120°C. The compounds are soluble i n many organic 
solvents. 

The molecular weights were determined cryoscopically 
i n benzene and the sulphinates were shown to be dimers. 
Structures IX, X and XI are possible for these dimers i n 
which the metals can a t t a i n four- co-ordination (M = Al or Ga). 

SPh 
0 ^ \ 0 

Mê M ^MMGO Mê M*̂  ^Wler, 

0 
SPh 
IX 

0 

PhS = 0 

PhS = 0 

PhS'̂ '"'̂  MMê  

Me2M^ ^SPh 
0 

0 
XI 
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For structure IX the sulphur-oxygen bonds are very s i m i l a r , 
but f o r structures X and XI the sulphur-oxygen bonds are 
d i f f e r e n t , and free S = 0 i s retained, which does not 
p a r t i c i p a t e i n co-ordinate bond formation. Therefore, 
i n f r a r e d spectroscopy can be used to dist i n g u i s h between 
structures IX and the others. I n the ester PhS02Me where 
a d i s t i n c t i o n between two types of sulphur-oxygen bonds i s 

apparent, bands due to S = 0 and S - OMe stretching modes 
—1 (88) are observed at 1136-1126 and 960 cm respectively^ . 

These bands which are so wide apart i n the ester move closer 
together i n the s a l t s where any d i s t i n c t i o n between two 
types of sulphur-oxygen bonds disappear, andasymmetric 

(88) 
and symmetric modes are observed (compare 1020 and 
980 cm ^ i n KOgSPh). For dimethylaluminium benzene-
sulphinate and the analogous gallium compound, bands 
considered due to sulphur-oxygen stretching modes were 
observed at 1027-1005 and 980-970, and 1005 and 941 cm"-"-
respectively. Therefore, structure IX i s considered to 
represent the sulphinates of aluminium and gallium. Previous 
observations on the methyl- and phenyl-phosphinates of 
these metals reinforcedl t h i s conclusion. 

(llo-lia) 
A large number of complexes of sulphoxides have been 

described (e.g. Me2S0,BF^; 2Me2S0,PdCl2 e t c . ) . The structures 
of many of these have been established on the basis of 
i n f r a r e d and v i s i b l e spectra, magnetic measurements and 
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s t e r i c considerations. Sulphoxides are pyramidal molecules 
w i t h unshared electron pairs on both sulphur and oxygen, 
therefore, the i d e n t i f i c a t i o n of the donor atom i n consider­
ati o n of t h e i r structures was of i n t e r e s t . I t was found 
that i n most cases examined oxygen \was the donor atom. 
Only f o r PdCl2, 2Me2S0 and the corresponding platinum 

complexes, Pd < S and Pt i S bonds were considered 
probable. I t may be mentioned that these metals form 
some of t h e i r most v/ell-known complexes (e.g. PdCl2, 
2Et2S) w i t h donor atoms which have vacant d o r b i t a l s ; such 
atoms include sulphur but not .oxygen. 

A b r i e f description follows of the arguments used to 
decide between the alternate structures f o r these sulphoxide 
complexes on the basis of t h e i r infrared spectra. The 
S-0 bond i n the sulphoxides has p a r t i a l double-bond 
character, r e s u l t i n g from^p - d back bonding from 0 to S 
superimposed upon the S •—>0 sigma bond. Therefore, 
the attachment of the oxygen atom to an acceptor, and 
subsequent draining of electrons from oxygen should reduce 
the p^- d^ back bonding and hence lower the S-0 bond order 
and stretching frequency. On the other hand, attachment 
of sulphur to an acceptor atom would be expected to 
increase the p^- d^ back bonding and thus raise the S - 0 
str e t c h i n g frequency (compare 938, 952 and 1116 cm""*" f o r 
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Me2S0,BF^; 2Me2SO,ZnCl2 and 2Me2S0,PdCl2 respectively; 
the spectra of Me2S0 i n d C l ^ and CS2 has a very strong 
broad band at 1055 cm due to S - 0 stretching modes, 
t h i s band s h i f t s to 1100 cm region f o r spectra examined 
i n vapour phase). 
Sulphonates of Group I I I Metals 

A number of a l k y l sulphonates of aluminium have been 
described^•'•''•"^^ e.g., diethylaluminium benzenesulphonate, 
dioctylaluminium p-toluenesulphonate, diethylaluminium 
p-toluenesulphonate, divinylaluminium me thanesulphonate, 
diphenylaluminium benzenesulphonate etc. These were pre­
pared from reactions between a l k y l aluminium halides and 
an ester of the acid. The molecular weights were not 
revealed, nor was any information available on dimethyl-
aluminium methanesulphonate or any gallium sulphonate. 
This sulphonate of aluminium and the corresponding gallium 
compound were prepared from methane sulphonic acid and the 
trimethyl-metal i n benzene, under an atmosphere of nitrogen. 
Addition of the acid to the trimethyl-metal caused a l i v e l y 
r eaction w i t h gas evolution, andthe products of the reaction 
remained dissolved i n the solvent. The solvent was removed 
under reduced pressure, leaving a white s o l i d . Pure 
dimethyl-metal sulphonates were obtained from t h i s residue 
by vacuum sublimation at about 100°C. These were a i r -
sens i t i v e . Examination of i n f r a r e d spectra was r e s t r i c t e d 
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by the d i f f i c u l t y of f i n d i n g suitable solvents, f o r 
example, the sulphonates were sparingly soluble i n 
carbon disulphide. However, they were soluble i n benzene, 
i n which the molecular weights were cryoscopically 
determined and the compounds were found to be trimers 
(compare the sulphinates which were dimers). Absence 
of i n f r a r e d data makes i t impossible to suggest any 
structures f o r these compounds. 
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Carboxylates of Group I I I Elements. 
I t was mentioned i n the introductory section that 

( 3q) 
dimethylgallium acetate was found to be a dimer, but 
i t s structure was not established. This investigation was 
taken up i n the present work, and the new compounds dimethyl-
gallium (d^) acetate and the formate were also examined to 
help i n t e r p r e t the spectra. These compounds were obtained 
from pactions between trimethylgallium and the corresponding 
acid i n ether. The deutro-acetate was similar i n v o l a t i l i t y 
to the acetate, but the formate was s l i g h t l y more v o l a t i l e . 
Thus i t was convenient to p u r i f y these materials by vacuum 
sublimation. 

The molecular weight of the formate was determined 
cryoscopically i n benzene and i t was shown to be a dimer. 
Structures X I I and X I I I are possible f o r the carboxylates 
under consideration, i n which the metal can a t t a i n four-co­
ordination (R = GH^, CD.̂  or H ) . 

GR 

0 ^ - 0 

RC = 0 
I 

0.^ 

Mê Ga'' GaMe. Me2Ga^ ^GaMe, 

0 ^ 0 ^ 0 

\ ^ I 

OR RG = 0 

X I I X I I I 
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For s t r u c t u r e X I I the carbon-oxygen bonds are very s i m i l a r , 
but f o r s t r u c t u r e X I I I the carbon-oxygen bonds are d i f f e r e n t , 
and f r e e C = 0 i s r e t a i n e d , which does not p a r t i c i p a t e 
i n co-ordinate bond f o r m a t i o n . Therefore, i n f r a r e d spectros­
copy can be used t o d i s t i n g u i s h between these s t r u c t u r e s . 
I n normal saturated esters^''"''"^ ̂  where a d i s t i n c t i o n between 
two types of carbon-oxygen bonds i s appecent, bands due t o 
0 = 0 s t r e t c h i n g modes are observed i n the region 1750-1735cm" 
S i m i l a r l y bands due t o 0 - 0 - s t r e t c h i n g v i b r a t i o n s are 
observed i n the regions 1200-1180 cm"""" and 1250 - 1230 cm""̂  
i n the formates and acetates r e s p e c t i v e l y ^ "'"''"̂  ̂ . These bands 
which are so wide apart i n the ester move close r together 
i n the s a l t s where any d i s t i n c t i o n between two types of 
carbon-oxygen bonds disappears, and asymmetric and symmetric 
modes are observed (compare^'^''•^ ̂  .1578 and 1408 cm"''" i n 
NaOAc). Por d i m e t h y l g a l l i u m acetate and the corresponding 
( d ^ ) acetate and formate, bands considereddue t o carbon-
oxygen s t r e t c h i n g v i b r a t i o n s were observed at 1534 and 1471, 
1515 and 1475, and 1587 and 1555 cm""*" r e s p e c t i v e l y ( the 
o r i g i n of a band a t 1616 cm"''' i n the spectrum of the formate 
i s d i f f i c u l t t o i n t e r p r e t ) . Therefore, s t r u c t u r e X I I must 
represent the carboxylates of g a l l i u m . 

The compounds Bu^2-'^102CEt, Et2A102CMe = CH2, Bu^^AlOAc 
e t c . obtained from the t r i a l k y l a l u m i n i T i m and the corresponding 
a c i d have been described^ "'"''•̂\ but molecular weights were 
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not revealed.. A c t i o n of GO2 on t r i e t h y l a l u m i n i u m . i n an 

i n e r t s o lvent gives di e t h y l a l u m i n i u m propionate, which 

reac t s f u r t h e r w i t h t r i e t h y l a l u m i n i u m as shown by the 

f o l l o w i n g equations^ "'••̂'̂^ 

C0„ 2AlEt. 
E t ^ A l ^ EtgAl.O.CO.Et =U 

Et2A1.0.AlEt2 + Et-jCOAlEtg Et^COH 

A number of d e r i v a t i v e s of boron c o n t a i n i n g the carb-
o x y l a t e l i g a n d have been described^'''^*'^"^^ ̂  The compound 
Bu''̂ 2-̂ .0Ac i s more s i m i l a r t o the m a t e r i a l s i n v e s t i g a t e d i n 
the present work. This was prepared by the r e a c t i o n between 
a c e t i c a c i d and Bu^g^^l n-pentane. I t was examined 
s p e c t r o s c o p i c a l l y and bands a t 1825 and 175.7 cm""'' were 
observed due t o some a c e t i c anhydride. Therefore, the 
f o l l o w i n g e q u i l i b r i u m has been suggested 

2 BM^^^.OAC , Bu^2^BBu^2 ^°2^ 

The carbonyl s t r e t c h i n g frequency was r a t h e r low (1603 cm 

and a c h e l a t i n g monomeric s t r u c t u r e has been proposed f o r 

the compound. 

Bu"„B 

No measurements on molecular weights were described. 
I t i s of i n t e r e s t t o note t h a t the t r i - a c e t a t e s of L a ( I I l ) 
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have been r e c e n t l y described. These were e b u l l i o s c o p i c a l l y 
( l 2 o ) 

found to^monomeric i n benzene, ' but the metal would 
be o c t a h e d r a l l y co-ordinated. 

I t was considered of i n t e r e s t t o measure the molecular 
weight of a compound of the type R2BOAC. Diethylboron 
'acetate was prepared by the r e a c t i o n between t r i e t h y l -
borane:. and a c e t i c a c i d i n ether, as described by Meerwein 
and Sonke^^'^^. The molecular weight was determined cryo-
s c o p i c a l l y i n benzene and found t o be 175, and i t d i d not 
change s i g n i f i c a n t l y w i t h a l t e r a t i o n i n the concentration 
of -the benzene s o l u t i o n ( c a l c u l a t e d f o r Et2B0Ac, 128). 
Bands observed i n the i n f r a r e d spectrum are given i n the 
experimental s e c t i o n . I t appears t o be d i f f i c u l t t o make 
any i n t e r p r e t a t i o n of the nature of t h i s compound on the 
basis of molecular weight and i n f r a r e d spectrum. 
DimethylgalliTxm Dimethylarsinate 

No i n f o r m a t i o n was a v a i l a b l e on the ar s i n a t e s of group 
I I I metals. D i m e t h y l g a l l i u m d i m e t h y l a r s i n a t e was prepared 
from t r i m e t h y l g a l l i u m and the corresponding acid i n 
benzene. Removal of the solvent under reduced pressure 
l e f t a white s o l i d , from which the pure compound was 
obtained by vacuum s u b l i m a t i o n as colourless c r y s t a l s . 

The near i n f r a r e d spectrum and f a r - i n f r a r e d spectrum 
were recorded i n carbon d i s u l p h i d e and benzene r e s p e c t i v e l y . 
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Bands a t 1267 and 1259 cm""'" were assigned t o the 

symmetrical deformation modes of the methyl groups 

attached t o arsenic (compare 1263 and 1248 cm"''' i n 

GsOgAsMeg and 1242 and 1263 i n M e ^ A s ^ ^ ) . Very l i t t l e 

i n f o r m a t i o n i s a v a i l a b l e on i n f r a r e d absorption due t o 

arsenic-oxygen bonds. A band at 811 cm""'' observed by 

Mitra^'^^"''^ i n the i n f r a r e d spectrum of AsOF^ was assigned 

t o the As = 0 s t r e t c h i n g mode. I n t r i p h e n y l a r s i n e oxide 

and i t s c o - o r d i n a t i o n compounds the absorption due t o 
-1 (122) 

the arsenic-oxygen l i n k a g e occurs i n the 880 cm re g i o n ^ . ' 
This r e g i o n was complicated i n the spectrum of dimethyl-
g a l l i u m d i m e t h y l a r s i n a t e by the presence of bands due t o 
As-Me r o c k i n g v i b r a t i o n s , ^^hese r o c k i n g v i b r a t i o n s were 
i d e n t i f i e d from the spectrum of iododimethylarsine (Table 20). 
I t appears t h a t i n the i n f r a r e d spectrum of the g a l l i u m 
compound (Table 19) bands at 897(s), 884(vs), 865(s) and 
8l8(m) cm"""'" must be due t o As-0 s t r e t c h i n g or As-Me r o c k i n g 
v i b r a t i o n s (compare 909, 885, 862, 839 and 809 cm""'" i n 
Cs02AsMe2). I n the analogous phosphorus compound, (Me2Gra02 
PMe2)2> hands due t o phosphorus-oxygen s t r e t c h i n g modes 
were of comparable i n t e n s i t y (Table 5 ) . On t h i s basis, the 
bands a t 897 and 865 cm "'" may be assigned t o arsenic-oxygen 
s t r e t c h i n g v i b r a t i o n s . 

The molecular weight was' determined c r y o s c o p i c a l l y 
i n benzene and the compound was shown t o be a dimer. 
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Therefore,, by analogy w i t h the phosphinates, an e i g h t -
membered r i n g s t r u c t u r e i s suggested f o r t h i s compound (ZIV) 

AsMe2 

0 0 

V \ 
Mep&a GaMe^ 

/ 
AsMe2 

XIV 
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EXPERIMENTAL 

General Apparatus and Techniques 
A vacuum system w i t h mercury f l o a t valves was 

constructed f o r the m a n i p u l a t i o n of v o l a t i l e m a t e r i a l s 
and f o r gas a n a l y s i s ; i - t was l a r g e l y made from pieces 
deri v e d from a s i m i l a r apparatus which had p r e v i o u s l y been 
used i n another l a b o r a t o r y . The general f e a t u r e s and 
u t i l i t y o f t h i s apparatus are described below: 

(a) The storage s e c t i o n was used f o r keeping v o l a t i l e 
m a t e r i a l s as s o l i d , l i q u i d or vapour. For example, 
t r i m e t h y l i n d i u m , t r i m e t h y l g a l i i u m and hydrogen 
cyanide r e s p e c t i v e l y . 

( b ) The d i s t i l l a t i o n s e c t i o n was used f o r the separation 
of the components of a mixture by f r a c t i o n a l d i s t i l l a t i o n . 
Por example, a mixture of t r i m e t h y l i n d i u m and d i m e t i y l -
mercury was separated by f r a c t i o n a l d i s t i l l a t i o n from 
a t r a p kept a t O^C, through a f r a c t i o n a t i n g colTunn 
f i l i e d w i t h Eenske h e l i c e s , a cold f i n g e r condenser 
a t -22°C, a t r a p a t -35°C and f i n a l l y a l i q u i d a i r 
t r a p t o condense the pure dimethyImercury. 

( c ) The measuring bulb s e c t i o n was used f o r the determination 
of the q u a n t i t y of a condensable gas (e.g. t r i m e t h y l -
amine) or a s u i t a b l e vapour (e.g. t r i m e t h y l g a l l i u m ) . 

I t c onsisted of a small bulb and a cold f i n g e r (about 
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300 ml.) connected t o a l a r g e r bulb and a cold 
f i n g e r (about 3.5 l i t r e ) through a mercury f l o a t 
v a l v e . A s i n g l e limb manometer made of p r e c i s i o n 
bore t u b i n g was attached t o the small bulb. Thus, 
f o r the measurement of the volume of a s u i t a b l e 
v o l a t i l e m a t e r i a l at room temperature, the small bulb 
was e i t h e r used separately or i n combination w i t h the 
l a r g e r bulb. These bulbs were ac c u r a t e l y c a l i b r a t e d 
i n the usual way by means of known q u a n t i t i e s of carbon 
dioxide.. Two graphs showing the volume i n normal 
m i l l i - l i t r e a gainst the observed depression i n pressure 
were p l o t t e d f o r the two bulbs. 

(d ) Por the measurement of a non-condensable gas l i k e 

methane or hydrogen, a Topler pump w i t h a gas b u r e t t e 

was used, r a t h e r as described by Sanderson^^^^^ 

(e ) There was also a h i g h temperature bulb f o r the measure­

ment of molecular weights. 

( f ) An ordina^ry manometer was attached; t o the apparatus. 

(g ) When necessary, the vacuum was always l e t down w i t h 

oxygen-free n i t r o g e n . Par t h i s , commercial white spot 

n i t r o g e n drawn from taps was p u r i f i e d by passage over 

heated copper (about 400°c) and then over phosphorus 

pentoxide.. The copper was regenerated w i t h hydrogen 

from time t o time and the phosphorus pentoxide tube 

was replaced when necessary. 
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( h ) An i n l e t or o u t l e t f o r the i n t r o d u c t i o n or withdrawal 
of m a t e r i a l s . 

( i ) The evacuation was done w i t h an Edwards High Vacuum 

mechanical pump and a mercury d i f f u s i o n pump. Sui t a b l e 

t r a p s were used: t o prevent any v o l a t i l e m a t e r i a l g e t t i i g 

i n t o these pumps. 

( j ) The mercury f l o a t valves were operated by a separate 

mechanical pump. 

Molecular Weight Measurements 

Molecular weights were determined c r y o s c o p i c a l l y i n 

benzene. 'Analar' benzene was d r i e d over sodium wire and 

c a l i b r a t e d w i t h b i p h e n y l before use. The molecular weight 

measurements were done i n an atmosphere of n i t r o g e n , and 

precautions were taken t o prevent changes of s o l u t i o n com­

p o s i t i o n due t o evaporation of benzene i n the n i t r o g e n . 

P u r i f i c a t i o n of N i t r o g e n 
Commercial white spot n i t r o g e n drawn from a tap or 

a c y l i n d e r was un s u i t a b l e t o use f o r p r e p a r a t i v e work or 
molecular weight measurements of many of the extremely a i r 
s e n s i t i v e m a t e r i a l s described l a t e r . Therefore, the n i t r o g e n 

was p u r i f i e d by passing over heated copper (about 400°C) and 

molecular sieve. The copper was regenerated v/ith hydrogen 

from time t o time and the molecular sieve was a c t i v a t e d by 

h e a t i n g t o 300°C w i t h pumping. 

I n f r a r e d Spectra 
I n f r a r e d s p ectra were recorded w i t h a Grubb-Parsons 
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GS2A p r i s m - g r a t i n g spectrometer (wavelength below 23 microns) 
and a Grubbr-Parsons DB3/M2 200-line per cm. g r a t i n g 
instrument (waveldength below 50 microns). Spectra of s o l i d 
m a t e r i a l s a t s h o r t e r wavelengths were taken on specimens 
pressed! i n a l k a l i h a l i d e d i s c s , as mulls i n N u j o l and hexa-
chlorobutadiene or as s o l u t i o n s i n a sui t a b l e solvent l i k e 
carbon d i s u l p h i d e and carbon t e t r a c h l o r i d e . The spectra of 
l i q u i d s or s o l u t i o n s were recorded i n a l i q u i d c e l l , which 
was dismantled and cleaned a f t e r use.. I t was reassembled 
w i t h a s u i t a b l e spacer depending on the s o l u b i l i t y or spectro­
scopic p r o p e r t i e s of the m a t e r i a l whose spectrum was t o be 
recorded!. I n gen e r a l , l i q u i d or so l u f e n spectra were taken 
w i t h a motor speed of 1 R,P,M. w h i l e the other spectra ( m u l l s 
and a l k a l i h a l i d e d i s c s ) were recorded w i t h a motor speed 
of 4 R.P,M. Por spectra a t longer wavelengths, caesium i o d i d e 
o p t i c s were used. A l l manipulations i n v o l v i n g a i r s e n s i t i v e 
m a t e r i a l s were c a r r i e d ! out i n a dry box. 
Dry Box 

A ( L i n t o t t ) dry box of a conventional type was used. 

I t was purged w i t h n i t r o g e n and then the n i t r o g e n was recycled 

through a n i t r o g e n p u r i f i c a t i o n system. This n i t r o g e n 

p u r i f i c a t i o n system was s i m i l a r t o the one described before. 

Some phosphorus pentoxide was also placed inside- the box 

to keep the atmosphere dry. 

Vapour* Pressure Measurements 
The vapour pressure or d i s s o c i a t i o n pressure measurements 
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were done i n an apparatus ( P i g . 2) which was attached^ t o 
the vacuum l i n e when necessary. The arm A was detached 
and weighed togethe r w i t h a B2^ Cap ( l i g h t l y l u b r i c a t e d 
w i t h high-vacuum s i l i c o n e stopcock grease). A small amount 
of the compound (e.g, dimethylaluminium cyanide tetramer) 
was placed i n i t i n an atmosphere of n i t r o g e n , the B2^ Cap 
was f i x e d , and weighed again. The apparatus was reassembled 
i n the dry box, using a small, amount of s i l i c o n e grease f o r 
the B2^ cone of arm A; a s u i t a b l e amount of mercury was 
placed i n the manometer and the taps B and C, which had 
been l u b r i c a t e d w i t h 'Apiezon L' grease were closed. The 
apparatus was taken out of the dry box, attached t o the 
vacuum l i n e at p o i n t D, evacuated w i t h tap B closed and 
then w i t h i t being open. The c a l c u l a t e d amount of the 
v o l a t i l e component (e.g . t r i m e t h y l a m i n e ) was condensed on 
the compound i n arm A, The tap B was closed and the addluct 
was allowed t o warm t o room temperature. Any unreacted 
v o l a t i l e m a t e r i a l was removed. The tap C was opened and 
the e q u i l i b r i u m d i s s o c i a t i o n pressures were measured at 
d i f f e r e n t temperatures. 
Q u a n t i t a t i v e Analysis 
M i c r o - a n a l y s i s 

M i c r o - a n a l y s i s (C and H) were by Miss V. Conway, Mr. 
T. C a g i l l or Mr. A. Wiper of t h i s department.. 
E s t i m a t i o n of B e r y l l i u m 

M a t e r i a l s c o n t a i n i n g about 0.1 gm. of b e r y l l i u m were 
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decomposed w i t h 5 ml. water, and 5 ml. of d i l u t e n i t r i c 
a c i d were addied. t o d i s s o l v e the p r e c i p i t a t e . Precautions 
were taken t o prevent any l o s s of the metal i n decompositions 
i n v o l v i n g gas e v o l u t i o n (e.g. m e t h y l b e r y l l i u m cyanide). 
The s o l u t i o n was t r a n s f e r r e d t o a 250 ml. beaker, d i l u t e d 
t o 150 ml, and almost n e u t r a l i s e d by adding 1:1 ammonia 
s o l u t i o n drop-wise. I t was heated t o b o i l i n g , and 1!4 
ammonia s o l u t i o n was slo w l y added w i t h s t i r r i n g u n t i l 
present i n very s l i g h t excess. I t was b o i l e d f o r 2 minutes 
more and f i l t e r e d through a No. 541 f i l t e r paper. • The bulk 
of the p r e c i p i t a t e was t r a n s f e r r e d t o the f i l t e r . A small 
q u a n t i t y of the p r e c i p i t a t e adhering t o the w a l l s of the 
beaker was d i s s o l v e d i n the minimum volume of hot very 
d i l u t e n i t r i c a c i d , heated t o b o i l i n g and p r e c i p i t a t e d as 
bef o r e . I t was also f i l t e r e d through the same paper and 
washed w i t h 1:4 ammonia s o l u t i o n . The f i l t e r paper was 
placed on a weighed s i l i c a c r u c i b l e , d r i e d , heated at a low 
temperature u n t i l the carbon had been destroyed, and f i n a l l y 
i g n i t e d w i t h a Meeker burner (1000°C) t o constant weight. 
E s t i m a t i o n of Cyanide. 

Samples c o n t a i n i n g 0.05-0.10 gm. of cyanide were 
decomposed w i t h 5 ml. water, and d i l u t e n i t r i c acid was 
s l o w l y added u n t i l the p r e c i p i t a t e d issolved (e.g. b e r y l l i u m 
c y a n i d e ) . Precautions were taken t o prevent any loss o f 
v o l a t i l e hydrogen cyanide. This was achieved by doing most 
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of the operations at low temperature. The cyanide was 
p r e c i p i t a t e d w i t h excess of aqueous s i l v e r n i t r a t e s o l u t i o n , 
c o l l e c t e d on a weighed f i l t e r c r u c i b l e , and d r i e d (110°C) 
t o constant weight. 

E s t i m a t i o n o f Aluminium, Gallium and I n d i m 

The metals a l m i n i u m , g a l l i u m and indium were g r a v i -

m e t r i c a l i y estimated by p r e c i p i t a t i o n w i t h 8-hydroxyquinoline, 

as described i n standard books on q u a n t i t a t i v e a n a l y s i s or 

i n the l i t e r a t u r e l ' ' ^ ^ ^ 
I n a t y p i c a l a n a l y s i s , a sample (e.g, dimethylaluminium 

cyanide) c o n t a i n i n g about 0.02 gm. of aluminium was decomposed 
w i t h 5 ml, water ( t h e corresponding g a l l i u m compound was 
r e f l u x e d 10 hours w i t h concentrated h y d r o c h l o r i c acid i n a 
250 ml. round-bottomed f l a s k f i t t e d w i t h an a i r condenser, 
f o r the complete removal of methyl groups) and d i l u t e hydro­
c h l o r i c a c i d was s l o w l y added u n t i l the p r e c i p i t a t e d i s s o l v e d . 
The hydrogen cyanide was b o i l e d o f f , and the s o l u t i o n was 
d i l u t e d t o 150 ml. a f t e r being t r a n s f e r r e d t o a 300 ml, c o n i c a l 
f l a s k . The $H o f t h i s s o l u t i o n was checked w i t h B.D.H. 
Un i v e r s a l I n d i c a t o r paper and found t o be 6. I t was warmed 
t o 50-60°C and the oxine s o l u t i o n (2/o s o l u t i o n i n a c e t i c a c i d 
prepared i n the usual way) was s l o w l y addled w i t h s t i r r i n g 
{20^0 excess). This was f o l l o w e d by the a d d i t i o n of a s o l u t i o n 
of 40 gm, o f ammonium acetate di s s o l v e d i n the minimum amount 
of water. The p r e c i p i t a t e was allowed, t o s e t t l e , c o l l e c t e d 
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on a weighed f i l t e r c r u c i b l e , washed: w i t h hot water, and 

d r i e d (110°C) t o constant weight. 

S t a r t i n g M a t e r i a l s and Reagents 

Trimethylaluminium 

Trimethylaluminium was a v a i l a b l e i n a c y l i n d e r on 

loan from E t h y l Corporation. I t was withdrawn from the 
c y l i n d e r i n an atmosphere of n i t r o g e n and p u r i f i e d by 
vacuum d i s t i l l a t i o n . 
Dimethylmercury 

The dimethylmercury was prepared by a m o d i f i c a t i o n 

of the method described by Gilman and Brown. ̂'̂ '̂ ^ Methyl 

bromide (200 gm.), magnesium metal (50 gm.) and mercuric 

c h l o r i d e (210 gm.) reacted i n two stages t o give d i m e t h y l -
0 

mercury (150 gm. 835̂  y i e l d ) . A 5 l i t r e bulb with, a flanged 
neck was used. I t was f i t t e d w i t h an e f f i c i e n t s t i r r e r , a 
c o l d f i n g e r condenser, a dropping f u n n e l which was kept 
c o l d , an i n l e t f o r n i t r o g e n and an o u t l e t f o r v o l ^ i l e 
m a t e r i a l s . The magnesium was placed i n the bott;om of the 
f l a s k and the apparatus was purged w i t h n i t r o g e n . Then the 
metal was covered w i t h ether (500 ml.) and a s o l u t i o n of 
methyl bromide i n ether (1500 ml.) was added slov^ly w i t h 
a p p r o p r i a t e c o o l i n g a f t e r the r e a c t i o n had been i n i t i a t e d 
w i t h ethylene dibromide. The r e a c t i o n vessel was surrounded 
w i t h c o l d water, the cold f i n g e r condenser was maintained 
a t -30°C w i t h carbon d i o x i d e i n acetone and the dropping 
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funnel was kept cold by surrounding i t with a few pieces 
of s o l i d carbon dioxide. After the addition of methyl 
bromide was complete, the Grlgnard reagent was s t i r r e d f o r 
one hour at room temperature. Then the dropping funnel was 
removed. The cold f i n g e r condenser was replaced by a 
Soxhlet extractor and an e f f i c i e n t water condenser. The 
mercuric chloride was Introduced I n two batches and extracted 
I n about six hours. Now, the Soxhlet was removed and 
replaced by a condenser. Then the reaction mixture was 
refluxed f o r eight hours more. I t was cooled and slowly 
hydrolysed w i t h 500 ml. water. The ether layer was 
separated and dried over freshly i g n i t e d magnesium sulphate . 
The dimethylmercury was separated from ether by f r a c t i o n a l 
d i s t i l l a t i o n . 
Trimethylgalliiim. 

For the preparation of trimethylgallium a method 
( \ c t ) 

described by Coates was followed. Dimethylmercury 
(140 gm.) reacted w i t h gallium metal (23 gm. ) to give 
tr i m e t h y l g a l l i u m i n nearly quantitative y i e l d . The 
apparatus used was an a l l glass system without any greased 
j o i n t s . I t consisted of a glass bulb (250 ml.) and a 
f r a c t i o n a t i n g column 4 cm. i n diameter and 30 cm. long 
f i l l e d w i t h Penske helices. On top of the column, there 
was a thermometer pocket, a condenser and a mercury cut-off. 
t o withdraw tr i m e t h y l g a l l i u m from time to time. There was 
also a side-arm.attached to the bulb which was sealed o f f 
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a f t e r the galliium metal and a trace of mercuric chloride 
had :been introduced. The dimethylmercury was introduced 
by vacuum d i s t i l l a t i o n . The vacuum was released with 
nitrogen and the reaction mixture was heated so that the 
dimethylmercury started to r e f l u x gently w i t h the thermometer 
r e g i s t e r i n g almost i t s b o i l i n g point. Gradually the tempera­
ture at the top o;f the f r a c t i o n a t i n g column dropped to the 
b o i l i n g point of trimethyIgalMum when a small quantity of 
i t was withdrawn by lo^wering the mercury c u t - o f f . This was 
done at suitable i n t e r v a l s u n t i l the reaction was complete. 
Trimethylindium 

A concentrated indium amalgam containing 20 gm. of the 
metal reacted w i t h excess of dimethyImercury (120 gm. ) to 
give 6 gm. of trimethylindium. The amalgam was prepared 
by the action of 2 ml. of mercury on the weighed quantity of 
the metal cut i n t o small pieces w i t h a pair of strong 
scissors. I t : dissolved i n mercury to give a l i q u i d at 
room temperature. The excess; of mercury was d i s t i l l e d o f f 
under vacuum leaving behind a s o l i d metal amalgam. Just 
before use, i t was divided i n t o small pieces, hammered i n t o 
t h i n sheets and cut i n t o t h i n s t r i p s . 

The'apparatus used was an a l l - g l a s s system and i t con­
sisted of a glass bulb (200 ml.) f i l l e d w i t h a water con­
denser (6" long), the stem of which went up 3 inches more 
and ended i n a -| f o r k . The v e r t i i c a l arm was kept open 
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and the side arm connected to the vacuum l i n e through a 
"̂ 18-9 ^̂ -̂ -̂  socket j o i n t (using apiezon grease). Thus 
connected the apparatus became provided with a mercury 
blow-off type of manometer which could be used to indicate 
pressures up to about 80 cm. The apparatus was b r i e f l y 
evacuated (using a rubber bung to close the open end) and 
then the vacuum was released w i t h oxygen-free nitrogen. 
The rubber bung was removed and indi-um amalgam cut ,as t h i n 
s t r i p s was introduced against a counter-current of nitrogen 
and then the open end was sealed.. The apparatus was then 
evacuated and the dimethyImercury introduced by vacuum 
d i s t i l l a t i o n w i t h the bulb cooled to -60°C. The vacuum was 
released w i t h nitrogen and the reaction mixture was e l e c t r i c a l l y | 
heated i n an o i l bath at 100°C f o r three days and then at 
120°C f o r f i v e days. The reaction was slow to s t a r t w i th 
but towards the end the entire amalgam had dissolved i n a 
big globule of mercury formed i n the reaction. The t r i ­
methylindium formed remained dissolved i n the excess of 
dimethyImercury as a colourless l i q u i d v/ithout any brown 
tinge which was observed i n a previous experiment i n which 
the dimethyImercury was mechanically introduced from outside 
instead of by vacuum d i s t i l l a t i o n . At the end of the reaction 
the v o l a t i l e materials were withdrawn i n t o the vacuum l i n e 
and the trimethylindium was separated from dimethyImercury 
by f r a c t i o n a l condensation from 0°C to -22^0, to -35°C and 
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to l i q u i d a i r . 
Trimethylthallium 

A suspension of dlmethylthalllum bromide (8 gm.) i n 
ether (30 ml.) reacted with methyl l i t h i u m (15 ml. of 2.1 M 
s o l u t i o n i n ether) to give t r i m e t h y l t h a l l i u m (4.5 gm; 755̂  
y i e l d ) , A three neck round bottomed f l a s k (250 ml,) f i t t e d 
w i t h a s t i r r e r , a dropping funnel (100 ml.), an i n l e t f o r 
nitrogen and an o u t l e t f o r v o l a t i l e materials was used. The 
experiment was done i n diffused^ l i g h t . Dimethylthallium 
bromide was placed i n the reaction vessel and the apparatus 
was then purged w i t h nitrogen. Then ether was added. The 
apparatus was covered w i t h a dark c l o t h and methyl l i t h i u m 
s o l u t i o n was slowly added w i t h s t i r r i n g . Gradually the 
dimethylthallium bromide passed i n t o solution and a very 
small amount of f i n e l y divided t h a l l i u m was formed. The 
product was d i s t i l l e d under vacuiam to give absolution of 
t r i m e t h y l t h a l l i u m i n ether. 
Beryllium Reagents 

A sol u t i o n of dimethylberyIlium i n ether and i t s t r i -
methylamine complex i n the pure state were available, having 
been prepared by Dr. S. I . E. Green i n connection w i t h his 
own work. 
Hydrogen Cyanide 

A concentrated solution of potassium cyanide (6 moles) 
i n water (1000 ml.) reacted w i t h 1:3 sulphuric acid (10 moles 
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of H^SO^) to give hydrogen cyanide i n good y i e l d (5 moles). 
The apparatus consisted of a three-neck round bottx)med 
f l a s k (3 l i t r e ) f i t t e d w i t h a s t i r r e r , a dropping funnel 
and a f r a c t i o n a t i n g column (4 cm. i n diameter and 25 cm. 
long) f i l l e d w i t h glass, helices. The top of the column had 
a thermometer and an arm suitably leading to a cold finger 
condenser, a receiver and a bubbler. The sulphuric acid was 
placed i n the f l a s k and maintained at 50°''c by heating w i t h 
an isomantle. Then the aqueous solution of potassium cyanide 
was slowly added w i t h s t i r r i n g . The hydrogen cyanide 
d i s t i l l e d and collected i n the receiver over phosphorus 
pentoxide. The cold f i n g e r condenser and the receiver were 
maintained at -10*^0 w i t h ice and s a l t . After the completion 
of the reaction the apparatus was allowed to cool and then 
i t was purged w i t h a i r to drive a l l the hydrogen cyanide 
i n t o the receiver. The receiver was detached and shaken 
w i t h more phosphorus pentoxide. The hydrogen cyanide was 
p u r i f i e d by r e d i s t i l l a t i o n and stored over a small amount of 
phosphorus pentoxide. 
Phosphinic Acids 

An aqueous so l u t i o n of dimethyIphosphinic acid was 
available. I t was pumped dry and the acid was p u r i f i e d by 
vacuum sublimation ( 0 . 0 1 mm/Hg; 70°C) as a white g l i s t e n i n g 
c r y s t a l l i n e s o l i d . 

Diphenylphosphinic acid, diphenylthiophosphinic acid, 
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and dimethyldithiophosphinic acid were also available, 
since they were needed f o r other work i n progress. 
Cacodylic Acid 

The cacodylic acid used was a commercial sample. I t 
was pumped dry before use. 
Benzene Sulphinic Acid 

Benzene sulphinic acid was obtained by p r e c i p i t a t i o n 
w i t h hydrochloric acid from an aqueous solution of sodium 
benzene sulphinate. The preparation was done i n an atmos­
phere of nitrogen. The acid was collected by f i l t r a t i o n , 
washed w i t h water, and pumped dry. 
Methane Sulphonic Acid 

A commercial sample of methane sulphonic acid was used 
without f u r t h e r p u r i f i c a t i o n . 
Acetic Acid ' 

Glacial acetic acid was dried by cooling i t to i t s 
freezing point and discarding any l i q u i d l e f t . The 
f r a c t i o n a l freezing was repeated four times. 
Heavy Acetic Acid 

Heavy malonic acid made by the action of carbon suboxide 
on heavy water was available. Heavy acetic acid was prepared 
by the pyrolysis of heavy malonic acid. The malonic acid 
contained i n a 250 ml, round bottomed fl a s k was attached: to 
the vacuum l i n e against a counter-current of nitrogen. Then 
i t was given a prolonged pumping to drive o f f any heavy 
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water present. The vacuum was released to a pressure 
of about half an atmosphere and the heavy malonic acid 
was heated to a temperature of 150-60*^0 i n an o i l bath. 
I t decomposed i n t o heavy acetic acid and carbon dioxide. 
The heavy acetic acid d i s t i l l e d over and collected i n a 
trap kept cold by surromiding w i t h s o l i d carbon dioxide. 
Most of the carbon dioxide formed i n the pyrolysis 
together w i t h some heavy acetic acid passed on to a second 
trap kept immeitsed i n l i q u i d a i r . After the completion 
of the pyrolysis the carbon dioxide was separated from 
heavy acetic acid by pumping through a trap kept at -78°C. 
The pure heavy acetic acid was withdrawn under vacuum 
i n t o a glass storage tube provided w i t h a greased tap. 
The vacuum was released to about half-atmosphere to pro­
t e c t the grease from attack by acetic acid vapour (m.p.12.0-
13.0°C). 
Formic Acid 

'Analar' formic acid was dried over boric anhydride. 
I t was decanted and p u r i f i e d by vacuum d i s t i l l a t i o n . 
Acetamide 

A commercial sample of acetamide was p u r i f i e d by 
vacuum sublimation (0.01 mm./Hg; 60°G)as a white g l i s t e n i n g 
c r y s t a l l i n e s o l i d . 
Trimethylamine 

A commercial sample of trimethylamine was shaken with 
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phosphorus pentoxide. I t was d i s t i l l e d and stored over 
a small amount of phosphorus pentoxide i n a glass con­
t a i n e r provided w i t h a Teflon tap capable of withstanding 
pressures more than an atmosphere, 
Pimethylaluminium, Cyanide Tetramer, [MepAl.CN]^. 
Preparation. 

(a) Hydrogen cyanide (42,9 ml,/at S.T.P., 0.0019 
mole) reacted w i t h trimethylaluminium ( 0 . 1 4 3 9 gm., 0,0020 

mole) i n a sealed tube at room temperature without a solvent 
to give white dimethylaluminium cyanide (m.p. 90°C) and 
methane (42.5 ml, at S,T.P.). 

(b) On a larger scale, hydrogen cyanide ( 3 gm., 0 . 1 1 
mole) i n benzene ( 3 5 ml.) reacted w i t h a solution of t r i -
methylal-uminium (8 gm., 0 . 1 1 mole) i n benzene (40 ml.) to 
produce white c r y s t a l l i n e dimethylaluminium cyanide {GOfo), 
some brown non-volatile impurity and methane. The prepara­
t i o n was done i n a f l a s k ( 1 l i t r e ) f i t t e d w i t h two dropping 
fuimels ( 5 0 ml.), a s t i r r e r , an i n l e t f o r nitrogen and an 
o u t l e t f o r v o l a t i l e materials through a p a r a f f i n o i l bubbler. 
The apparatus was purged w i t h nitrogen and the f l a s k was 
surrounded w i t h water to dissipate the heat of the exothermic 
reaction. The reactants contained i n the two dropping 
funnels were simultaneously added to benzene ( 1 0 ml.) previously 
placed i n the f l a s k . E f f i c i e n t s t i r r i n g was maintained and 
care was taken to prevent vigorous evolution of methane 
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and possible loss of the v o l a t i l e reactants. The 
products of the reaction remained dissolved, and the 
reaction mixture acquired a s l i g h t l y brown colour. 
At the end of the preparation, the solvent was removed 
under reduced pressure. Dimethylaluminium cyanide was 
p u r i f i e d by vacuum sublimation (0.01 mm.; 100°C) as a 
white c r y s t a l l i n e s o l i d (Found: A l , 32.2; Me^Al.CN 
requires A l , 32.5?^). The sublimation started at 85°C. 
A brown non-volatile impurity was l e f t behind. 

Dimethylaluminium cyanide (m.p. 89°C) was very 
sensitive to a i r . I t decomposed slowly i n the atmosphere 
w i t h evolution of hydrogen cyanide and inflamed i n 
contact with a drop of water. I t dissolved i n ether, 
carbon t e t r a c h l o r i d e without decomposition, but reacted 
w i t h carbon disulphide, forming a yellow substance. 
The brown impurity was also sensitive to a i r and was 
decomposed exothermically by water with evolution of 
hydrogen cyanide, leaving a white residue. 
Hydrolysis. 

Dimethylaluminium cyanide (0.1015 gm.) was hydrolysed 
i n the vacuum l i n e w i t h 2-methoxyethanol and 2N-sulphuric 
acid. The methane was measured (54.2 ml, at S.T.P.). 
Calculated f o r 0,1015 gm, dimethylaluminium cyanide, 
54.8 ml. at S.T,P. 
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Molecular Weight. 

Molecular weights were determined cryoscopically 
i n benzene. Solutions containing 0.69, 1.16 and 1.31 
gm. of dimethylaluminium cyanide i n 100 gm. of benzene 
gave respectively 330, 331.5 and 326 f o r molecular 
weights. The tetramer [MegAl.CN]^ requires 332. 
Action of Hydrogen Cyanide on Dime thy lal-uminium Cyanide 
Tetramer. 

I t was observed that dimethylaluminium cyanide 
reacts very slowly w i t h l i q u i d hydrogen cyanide at room 
temperature w i t h evolution of methane. There was no 
solid-gas reaction at room temperature. Pure dimethyl­
aluminium cyanide reacted w i t h hydrogen cyanide gas at 
lOO^C to give a deep brown product evidently containing 
some hydrogen cyanide polymer and a mixture of presumably 
higher cyanides together w i t h a small amount of the 
unreacted s t a r t i n g material. The s t a r t i n g material was 
recovered and i d e n t i f i e d by i t s melting point. I t was 
not possible to p u r i f y any of the higher cyanides. 

A d i r e c t reaction betv^een t rime thy laluminiiim i n 
benzene and excess of hydrogen cyanide i n benzene gave 
an insoluble non-volatile product contaminated with 
hydrogen cyanide poljnner. No f i i r t h e r p u r i f i c a t i o n was 
achieved. 
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Action of Trimethylamine on Dimethylaluminium Cyanide 
Tetramer. 

Trimethylamine (76.8 ml. at S.T.P.; 0.0034 mole) 
was condensed on dimethylaluminium cyanide tetramer 
(0.3204 gm.; 0.0038 mole) i n the vapour pressure apparatus. 
The reactants were allowed to warm to room temperature 
and any unreacted trimethylamine (16.2 ml. at S.T.P.) 
was removed. The dissociation pressures of the adduct 
measured at d i f f e r e n t temperatures are given below: 

Temperature Pressure 
41°C 45 mm. 

46 52 
50 58 
56 67 
60 75 
65 84 
,70 93 
75 104 
80 114 

In f r a r e d Spectrum of Dimethylaluminium Cyanide Tetramer. 
Examination of the i n f r a r e d spectrum of dimethyl­

aluminium cyanide tetramer at lower frequencies was 
r e s t r i c t e d by the d i f f i c u l t y of f i n d i n g suitable solvents. 
The tetramer reacts w i t h , f o r example, carbon disulphide, 
forming a yellow substance. The bands which v/ere i d e n t i f i e d 
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are given below: 
(a) Hexachlorobutadiene mull 

2224 (s) 
(b) Carbon t e t r a c h l o r i d e solution 

2 2 1 3 ( s ) , 1195 ( s ) , 1047 (s) 

DimethyIgallium Cyanide Tetramer, [Me2Ga.CN]^ 

Preparation. 
(a) Hydrogen cyanide (42.1 ml. at S.T.P., 0.0019 

mole) reacted w i t h trimethylgallium (42.9 ml. at S.T.P., 
0.0019 mole) i n a glass bulb ( 1 0 0 ml.) connected to 
the vacuum l i n e through a 4 mm. tap, at room temperature 
without a solvent to produce white dime thyIgallium 
cyanide (m.p. 79°C) and methane ( 4 1 . 2 ml, at S.T.P.). 
Hydrogen cyanide ( 0 . 0 0 1 2 mole) also reacted with t r i ­
methylgallium (0.0006 mole) under s i m i l a r conditions to 
produce dimethylgallium cyanide and methane (0.0006 mole). 
The excess of hydrogen cyanide was recovered q u a n t i t a t i v e l y . 

(b) On a larger scale, hydrogen cyanide ( 1 . 2 gm., 
0.044 mole) i n benzene (30 ml.) reacted with t r i m e t h y l -
gallium (5.-0 gm., 0.043 mole) i n benzene (30 ml.) to 
produce white c r y s t a l l i n e dimethylgallium cyanide (73?^) 

some brown non-volatile impurity, and methane. The 
experimental procedure was sim i l a r to that described f o r 
the preparation of dimethylaliuminium cyanide. At the 
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end of the reaction, the solvent was removed under 
reduced pressure and dimethylgallium cyanide was 
p u r i f i e d by vacuum sublimation (0.01 mm.; 90°C) as 
a white c r y s t a l l i n e s o l i d (Pound: Ga, 55.0; Mê Ga.CN 
requires Ga, 55.35^). The sublimation started at 60°C. 
A brown non-volatile impurity was l e f t behind. 

Dimethylgallium cyanide (m.p. 79°C) decomposed 
s l 0 7 / l y i n the atmosphere w i t h evolution of hydrogen 
cyanide. I t passed through a l i q u i d phase which 
s o l i d i f i e d i n a short time. This s o l i d was spectro-
scopically i d e n t i f i e d as dimethylgallium hydroxide. 
Molecular Weight. 

Molecular weights were determined cryoscopically 
i n benzene. Solutions containing 0.38, 1.12 and 1.68 gm. 
of dimethylgallium cyanide i n 100 gm. of benzene gave 
respectively 536, 541 and 496 f o r molecular weights. 
The tetramer CMe2Ga.GN]^ requires 503. 
Action of Trimethylamine on Dimethylgallium Cyanide 
Tetramer. 

Trimethylamine (46.4 ml. at S.T.P.; 0.0021 mole) 
was condensed on dimethylgallium cyanide tetramer (0.2650 
gm.; 0.0021 mole) i n the vsgjur pressure apparatus. The 
reactants were allowed to warn to room temperature and 
then heated (55°C) f o r one hour. The apparatus was 
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allowed to COOIL and any unreacted trimethylamine 
( 3 . 2 ml. at S.T.P.) was removed. The dissocialion 
pressures of the adduct measured at d i f f e r e n t temper­
atures are given below: 

Temperature Pressure 
40°C 5 mm, 
50 10 

60 19 . 5 

70 39 

75 56 

I n f r a r e d Spectrum of Dimethylgallium Cyanide Tetramer. 
The i n f r a r e d spectrum of dimethylgallium cyanide 

was recorded i n d i f f e r e n t solvents. The bands which 
were i d e n t i f i e d f o r the compound are given below: 

(a) Hexachlorobutadiene mull. 
2216 (s) 

(b) Carbon t e t r a c h l o r i d e solution 
2202.(s) 

(c ) Carbon disulphide solution 
1207(ms), 1134(vw), 766(s,sh), 746(vs), 
705(ms), 607(ms,sh), 5 9 8(s), 59l(ms,sh), 
548(m). 

Dimethylindium Cyanide Tetramer [Megln.CN]^ 

Preparation. 
Hydrogen cyanide ( 0 . 4 gm.; 0.015 mole) i n benzene 



- 125 -

(10 ml.) reacted w i t h t r i m e t h y l i n d i u m (2.4 gm.; 0.015 
mole) i n ether (20 ml.) t o give dimethylindium cyanide 
(75?^), some white n o n - v o l a t i l e i m p u r i t y and methane. 
The exp-erimental procedure was s i m i l a r t o t h a t described 
f o r the p r e p a r a t i o n of dimethylaluminium cyanide. At 
the end of the r e a c t i o n the products remained dissolved 
i n the s o l v e n t . The solvent was removed under reduced 
pressure, l e a v i n g a white s o l i d ( t h i s was i n c o n t r a s t t o 
the s t r o n g l y or f a i n t l y coloured m a t e r i a l s obtained 
r e s p e c t i v e l y from, the corresponding aluminium or g a l l i u m 
r e a c t i o n s a f t e r the removal of the s o l v e n t ) . Dimethyl-
indium cyanide was p u r i f i e d by vacuum sublimation (120-
40°C./0.05 mm.) as a white c r y s t a l l i n e s o l i d (Pound: 
I n , 6 7 . 1 ; Me2ln.GN r e q u i r e s I n , 67.2?^). 

Dimethylindium cyanide (m.p. 147°C) decomposed very 

s l o w l y i n the atmosphere w i t h e v o l u t i o n of hydrogen cyanide, 

I n t h i s respect i t s s t a b i l i t y was comparable t o di m e t h y l -

g a l l i u j n cyanide and i n sharp c o n t r a s t t o the h i g h l y 

s e n s i t i v e and inflammable dimethylaluminium cyanide. 

H y d r o l y s i s 

Dimethylindium cyanide (0.0806 gm.) was t r e a t e d w i t h 

2-methoxyethanol i n the vacuum l i n e . I t dissolved 

w i t h o u t g a s - e v o l u t i o n . A d d i t i o n of 2N-sulphuric a c i d 

caused slow e v o l u t i o n of methane at room temperature, 

and f o r measurement of methyl content the r e a c t i o n mixture 
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had t o be heated t o 60°G (20.8 ml.- at S.T.P.). Cal­
c u l a t e d f o r 0.080 gm. dimethylindium cyanide 21.1 mli. 
at S.T.P. 

Molecular Weight. 

The molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. I n t h i s s o l v e n t , i t was less soluble than 

the corresponding aluminium or g a l l i u m tetramer. Solutions 

c o n t a i n i n g 0,28 and 0.43 gm. of dimethylindium cyanide i n 

100 gm. of benzene gave r e s p e c t i v e l y 663 and 688 f o r 

molecular weights. The tetramer [Me2ln.CN]^ re q u i r e s 683. 

I n f r a r e d Spectrum of Bimethylindium Cyanide. 

The i n f r a r e d spectrum of dimethylindium cyanide was 

measured as s o l u t i o n i n carbon t e t r a c h l o r i d e , i n a l i q u i d 

c e l l v / i t h potassium bromide windows. The only band which 

could be i d e n t i f i e d f o r the compound i s given below: 
2178 (m) 

D i m e t h y l t h a l l i u m Cyanide 
P r e p a r a t i o n . 

Hydrogen cyanide (0.5 gm.) i n excess i n benzene (10 ml.) 

was added t o t r i m e t h y l t h a l l i u m (3.2 gm) i n ether (40 m l . ) , 

g i v i n g methane and an immediate q u a n t i t a t i v e p r e c i p i t a t e 

of d i m e t h y l t h a l l i u m cyanide, which was washed w i t h ether 

and pumped dry; i t decomposed t o a black mass a t 275°C 

(Pound: C, 13.8; H, 2.4; ON, 10.0. C^HgKTl re q u i r e s C, 13.8; 

H, 2.3; CN, 10.05^). The same compound was also prepared 
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by adding potassium cyanide (0.5 gm.) i n water (10 ml.) 
t o d i m e t h y l t h a l l i u m f l u o r i d e (2.0 gm) i n water (20 m l . ) ; 
the r e s u l t i n g c r y s t a l l i n e p r e c i p i t a t e was washed w i t h 
a l i t t l e c o l d water and pumped dry. D i m e t h y l t h a l l i i i m 
cyanide was soluble i n water (2.7 gm. i n 100 gm. o f 
water at 25°C). 
Conductance Measurements 

The conductance measurements f o r d i m e t h y l t h a l l i u m 

cyanide were done a t 25°C i n aqueous medium. The r e s u l t s 

are given i n Table A . 

Table A . 

, C(mole I"-'-) ^ 

0.0653 96.6 
0.0800 96.5 

0.0998 95.4 
0.1271 94.2 

0.1379 93.3 
I n f r a r e d Spectrxim of D i m e t h y l t h a l l i u m Cyanide. 

Strong bands a t 2101 and 790 cm""̂  were observed 

i n the i n f r a r e d spectrum of d i m e t h y l t h a l l i u m cyanide 

measured f o r N u j o l m u l l . 

M e t h y l b e r y l l i u m Cyanide, [MeBe.CN]^ 

Pr e p a r a t i o n . 
D i m e t h y l b e r y l l i i u a (0.014 mole i n 5 ml. of et h e r ) 
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and hydrogen cyanide (0.016 mole i n 5 ml. of benzene) 

were simultaneously added, drop by drop and w i t h s t i r r i n g 

t o e ther (4 m l ) . A f t e r the r e a c t i o n , i n which gas was 

evolved, ether (10 ml.) was added, and white i n s o l u b l e 

matter separated by f i l t r a t i o n through a s i n t e r e d disc 

under n i t r o g e n . Evaporation of the c o l o u r l e s s f i l t r a t e 

gave a s o l i d product which l o s t ether slowly when pumped 

at room temperature. The s o l i d l o s t more ether when 

piimped a t 70*^C, and a very small amount o f c o l o u r l e s s 

m a t e r i a l sublimed. The w h i t e , i n v o l a t i l e and i n s o l u b l e 

residue appeared t o have been impure polymeric methyl-

b e r y l l i u m cyanide (Pound: Be, 17.5; MeBe.CN r e q u i r e s Be, 

18.0/0). 

M e t h y l b e r y l l i u m cyanide was s e n s i t i v e t o a i r , and 
decomposed w i t h e v o l u t i o n of hydrogen cyanide.. A d d i t i o n 
of 2 , 2 ' - b i p y r i d y l t o an ether s o l u t i o n of methylberylMum 
cyanide gave an orange-yellow s o l u t i o n . 
H y d r o l y s i s . 

M e t h y l b e r y l l i u m cyanide (0.0474 gm) was hydrolysed 
i n the vacuum l i n e w i t h 2N-sulphuric a c i d . The methane 
was measured (20.6 ml. a t S.T.P.). Calculated f o r 0.0474 
gm. m e t h y l b e r y l l i u m cyanide 21.3 ml. a t S.T.P. 
I n f r a r e d Spectrum of M e t h y l b e r y l l i u m Cyanide. 

A st r o n g band was observed at 2222 cm.""*" i n the 
i n f r a r e d spectrum of m e t h y l b e r y l l i i m cyanide measured f o r 



- 129 -

N u j o l m u l l . 
B e r y l l i u m Cyanide 
Pr e p a r a t i o n . 

D i m e t h y l b e r y I l i u m (0.014 mole i n 5 ml. of e t h e r ) 

was added dropwise t o an excess of hydrogen cyanide 

(0.066 mole i n 8 ml. of benzene). Methane was evolved 

and the white p r e c i p i t a t e of b e r y l l i u m cyanide was 

c o l l e c t e d and pumped dry (Pound: Be, 15.0; CW 84.1. 

Calculated.: f o r C2BeN2:Be, 14.75; CN, 85.2/o). No residue 

remained when the f i l t r a t e was evaporated. No methane was 

detected when the b e r y l l i u m cyanide was hydrolysed w i t h 

d i l u t e s u l p h u r i c a c i d . The compound was s e n s i t i v e t o 

a i r , and decomposed w i t h e v o l u t i o n of hydrogen cyanide. 

I t d i d not absorb trimethylamine at room temperature 

or a t 70°C. 

Cyanomethyl(trimethylamine)beryllium, C(Me^N)MeBe.CN]^. 

Pr e p a r a t i o n , 

D i m e t h y l ( t r i m e t h y l a m i n e ) b e r y l l i u m , Me2(Me^N)Be (2.7gm,; 

0.027 mole), i n benzene (25 m l . ) , and hydrogen cyanide 

(0.8 gm,; 0.029 mole) i n benzene (15 m l . ) , v/ere sl o w l y 

and simultaneously addedto s t i r r e d benzene (10 m l . ) . Gas 

was evolved and a f t e r the r e a c t i o n the c l e a r supernatant 

l i q u i d was decanted from a small amount of white insoluble 

m a t t e r , and sol v e n t was removed by pumping f i r s t a t room 
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temperature and then f o r 15 minutes a t 80°C. The c o l o u r l e s s 

i n v o l a t i l e amorphous product d i d not melt or decompose 

below 300°C. (Pound: CN,23.7; O^E^^Be^^ r e q u i r e s CN, 

23.85?^). I t was s e n s i t i v e t o a i r . 

H y d r o l y s i s . 

Cyanomethyl(trimethylamine)beryllium (0.0270 gm.) 

was hydrolysedl. i n the vacuum l i n e w i t h 2-methoxyethanol 

and 2N-sulphuric a c i d . The methane was measured (5.3 ml. 

a t S.T.P.). Calculated f o r 0.0270 gm. (Me^N)MeBe.CN 
5.5 ml., at S.T.P. 

I n f r a r e d Spectrum. 

A s t r o n g band a t 2200 cm""*" was observed i n the 

i n f r a r e d spectrum of cyanomethyl(trimethylamine)beryllium 

measured f o r N u j o l m u l l . S a t i s f a c t o r y r e s o l u t i o n was not 

achieved i n other regions of the spectrum. 
Dlimethylaluminium Dimethylphosphinate. 
P r e p a r a t i o n . 

Trimethylaluminium (2.9 gm.; 0.040 mole) i n 

benzene (15 ml.) reacted w i t h a suspension of d i m e t h y l -

phosphinic a c i d (3.5 gm.; 0.037 mole) i n benzene (100 ml.) 

t o give white crysta^-line dimethylaluminium d i m e t h y l ­

phosphinate and methane. The p r e p a r a t i o n was done i n a 

f l a s k (250 ml.) f i t t e d w i t h a dropping f u n n e l (100 m l . ) , 

a s t i r r e r , an i n l e t f o r . n i t r o g e n and an o u t l e t f o r v o l a t i l e 
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m a t e r i a l s through a p a r a f f i n o i l bubbler. When the 
apparatus had been purged w i t h n i t r o g e n , the t r i m e t h y l -
aluminium s o l u t i o n was introduced w i t h a sy r i n g e , and 
the suspension of dimethylphosphinic ac i d was then slowly 

added. An exothermic r e a c t i o n took place w i t h gas 
e v o l u t i o n . The products of the r e a c t i o n remained 
d i s s o l v e d i n the s o l v e n t . The solvent was removed 
under reduced pressure, l e a v i n g a white residue. Pure 
dimethylaluminium dimethylphosphinate was obtained from 
t h i s residue by vacuum s u b l i m a t i o n (0.01 mm/100°C) as 
a w h i t e c r y s t a l l i n e s o l i d . I t had m.p. 43°C (Pound: 

A l , 18.0; Me2A102PMe2 r e q u i r e s A l , IS.O/o). The compound 
was s o l u b l e i n solvents l i k e ether, benzene, carbon 
t e t r a c h l o r i d e and carbon d i s u l p h i d e . I t was s e n s i t i v e 
t o a i r . I t d i d not r e a c t w i t h trimethylamine at room 
temperature. 
H y d r o l y s i s 

Dimethylaluminium dimethylphosphinate (0.1520 gm) 
was hydrolysed i n the vacuum l i n e w i t h 2-methoxyethanol 
and 2N-sulphuric a c i d . I t d i s s o l v e d i n 2-methoxyethanol 
a t about 0°C w i t h o u t gas e v o l u t i o n . Gas e v o l u t i o n 
s t a r t e d as the s o l u t i o n warmed t o room temperature. The 
h y d r o l y s i s was completed w i t h 2N-sulphuric a c i d . The 
methane was measured (44.8 ml. at S.T.P.). Calculated 



- 132 -

f o r 0.15.20 gm. dimethylaluminium dimethylphosphinate 
45.4 ml. at S.T.P. 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n bensene.. S o l u t i o n s c o n t a i n i n g O.9O, 1.36 and 1.47 gm. 

of dimethylaluminium dimethylphosphinate i n 100 gm. 

of benzene gave r e s p e c t i v e l y 313, 333 and 332 f o r 

molecular weights. The dimer [Me2A102PMe2]2 req u i r e s 

300. 

Inf'rared Spectrum 

The i n f r a r e d spectrum of dimethylaluminium 
dimethylphosphinate (below 2000 cm "*") was measured f o r 
s o l u t i o n s i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h 
potassium bromide windows and a 0.1 mm. spacer. The 
bands observed ( e x c l u d i n g the solvent bands) are given 
below: 

1428(s,sh), 1 3 l 6 ( s ) , 1307(s), 1192(vs), 1091(vs), 
935(w), 878(s), 757(m), 728(m), 682(vs), 58l(m). 
D i m e t h y l g a l l i u r n Dimethylphosphinate 
P r e p a r a t i o n . 

TrimethylgalMum (2.6 gm.; 0.022 mole) i n benzene 
(25 ml.) reacted w i t h a suspension of dimethylphosphinic 
a c i d ( 2 . 1 gm.; 0.022 mole) i n benzene (50 ml.) t o give 
white c r y s t a l l i n e d i m e t h y l g a l l i u m dimethylphosphinate and 
methane. The experimental procedure was s i m i l a r t o t h a t 



- 133 -

described f o r the p r e p a r a t i o n of dimethylaluminium 
dimethylphosphinate. The t r i m e t h y l g a l l i u m s o l u t i o n was 
placed i n the f l a s k and the suspension of dimethyl­
phosphinic a c i d was slowly added. An exothermic r e a c t i o n 
took place w i t h gas e v o l u t i o n . The products of the 
r e a c t i o n remained dissolved i n the s o l v e n t . The solvent 
was removed under reduced pressure, l e a v i n g a white 
r e s i d u e . Pure d i m e t h y l g a l l i u m dimethylphosphinate was 
obtained from t h i s residue by vacuum sublimation (0.01 mm/ 
80°G) as a white g l i s t e n i n g c r y s t a l l i n e s o l i d . I t had 
m.p. 54°C (Pound: Ga, 36.1; Me2Ga02PMe2 requires Ga, 36,2'fo) 
Molecular Weight. 

The molecular weights were determined c r y o s c o p i c a l l y 
i n benzene. S o l u t i o n s c o n t a i n i n g 1.32, 1.98 and 2.16 gm. 
of d i m e t h y l g a l l i u m dimethylphosphinate i n 100 gm. of 
benzene gave r e s p e c t i v e l y 389, 375 and 370 f o r molecular 
weights. The dimer [Me2Ga02PMe2]2 re q u i r e s 385. 
I n f r a r e d Spectrum 

The i n f r a r e d spectrum of d i m e t h y l g a l l i u m d i m e t h y l ­
phosphinate (below 2000 cm •*•) was recorded as s o l u t i o n 

i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h potassium 
bromide windows and a 0.1 mm. spacer.. The bands observed 
( e x c l u d i n g the solvent bands) are given below: 
1300(m), 1294(m), 1200(m), l l 6 4 ( v s ) , 1112(w), 1062(vs), 
923(vw), 870(vs), 747(m), 733(m), 5 8 8 ( m ) , 538(m), 4 8 3 ( m ) , 
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4 3 9 ( m ) . 

The f a r - i n f r a r e d spectrum recorded as s o l u t i o n i n 
benzene i s given below: 
439(m), 299(w), 283(w). 
Dimethylindium Dimethylphosphinate 
P r e p a r a t i o n 

T r i m e t h y l i n d i u m (1.6 gm; 0.0100 mole) i n ether 
(15 ml.) reacted w i t h a suspension of dimethylphosphinic 
a c i d (0.8 gm; 0.0085 mole) i n ether (15 ml) t o give 
dimethylindium dimethylphosphinate {QO'fo) and methane. 
The experimental procedure was s i m i l a r t o t h a t described 
f o r the previous compound., The t r i m e t h y l i n d i u m s o l u t i o n 
was placed i n the f l a s k and the suspension of dimeth y l ­
phosphinic a c i d was slow l y added. A l i v e l y r e a c t i o n 
took place w i t h gas e v o l u t i o n . The products of the 
r e a c t i o n remained d i s s o l v e d i i n the s o l v e n t , which was 
removed under reduced pressure, l e a v i n g a white residue. 

Pure dimethylindium dimethylphosphinate was obtained 
from t h i s residue by vacuum su b l i m a t i o n (0.01 mm./60-5°C) 
as a white g l i s t e n i n g c r y s t a l l i n e s o l i d . I t had m.p. 
75-6°C (Pound: I n , 4 8 . 2 ; Me2ln02PMe2 req u i r e s I n , 4 8 . 3 f o ) . 

The compound was s o l u b l e i n organic solvents l i k e ether, 
benzene, carbon t e t r a c h l o r i d e and carbon d i s u l p h i d e . 
H y d r o l y s i s 

Dimethylindium dimethylphosphinate (0.1772 gm.) was 
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t r e a t e d w i t h 2-methoxyethanol i n the vacuum l i n e . I t 
d i s s o l v e d w i t h o u t gas e v o l u t i o n . A d d i t i o n of 2N-sulphuric 
a c i d caused slow e v o l u t i o n of methane at room temperature, 
and f o r measurement of methyl content the r e a c t i o n mixture 
had t o be heated t o 80°C (33.1 ml. a t S.T.P.). Calculated 
f o r 0.1772 gm. dimethylindium dimethylphosphinate 33.4 ml. 
a t S.T.P. 
Molecular Weight 

The molecular weights were determined c r y o s c o p i c a l l y 
i n benzene. S o l u t i o n s c o n t a i n i n g 1.13 and 1.69 gm. of 
dimethylindium dimethylphosphinate i n 100 gm. of benzene 
gave r e s p e c t i v e l y 474 and 480 f o r molecular weights. The 
dimer [Me2ln02pMe2]2 r e q u i r e s 475.5. 
I n f r a r e d Spectrum. 

The i n f r a r e d spectrum of dimethylindium dimethyl­
phosphinate (below 2000 cm"''") was recorded as s o l u t i o n 
i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h potassium 
bromide windows and a 0.1 mm. spacer. The bands observed 
( e x c l u d i n g the solvent bands) are given below: 
1 4 l 8 ( s , s h ) , 1299(m), 1292(m), 1171(vs), 1151(s), 1121(w), 
1057(vs), 920(vw), 866(s), 742(m), 713(m), 528(m), 484(m). 
Dimethylaluminium Diphenylphosphinate 
P r e p a r a t i o n 

Trimethylaluminium (0.7 gm; 0.0098 mole) i n benzene 
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(10 ml.) reacted w i t h a suspension of diphenylphosphinic 
a c i d (2.0 gm; 0.0091 mole) i n benzene (20 ml.) t o give 
white c r y s t a l l i n e dimethylaluminium diphenylphosphinate 
(755^) and methane. The experimental procedure was 
s i m i l a r t o t h a t described f o r the previous compound. 
The t r i m e t h y l a l u m i n i u m s o l u t i o n was placed i n the f l a s k 
and the suspension of diphenylphosphinic acid was slowly 
added. A l i v e l y r e a c t i o n took place w i t h gas e v o l u t i o n . 
The products of the r e a c t i o n remained dissolved i n the 
s o l v e n t , which was removed under reduced pressure, l e a v i n g 
a white residue. Pure dimethylaluminium diphenylphos­
phinate was obtained from t h i s residue by vacuum 
s u b l i m a t i o n (0.01 mm./l60°C) as a white c r y s t a l l i n e s o l i d . 
I t had m.p. 153-6°C. (Pound: A l , 9.8; Me2A102PPh2 
r e q u i r e s A l , 9.85?^). The compound was soluble i n organic 
s o l v e n t s l i k e e t h er, benzene, carbon t e t r a c h l o r i d e and 
carbon d i s u l p h i d e . 
H y d r o l y s i s 

Dimethylaluminium diphenylphosphinate (0,2056 gm) 

was hydrolysed i n the vacuum l i n e w i t h 2-methoxyethanol 

and 2N-sulphuric a c i d . I t dissolved i n 2-methoxyethanol 

g i v i n g a c o l o u r l e s s s o l u t i o n at room temperature w i t h 

almost complete e v o l u t i o n of methane. The h y d r o l y s i s 

was completed w i t h 2N-sulphuric ac i d and the methane 

was measured (33.4 ml. at S.T.P.). Calculated, f o r 0.2056 gm. 
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dimethylaluminium.. diphenylphosphinate 33.6 ml. at 
S.T.P. A d d i t i o n of 2N-sulphuric ac i d to the s o l u t i o n 
of the product o f h y d r o l y s i s of dimethylaluminium 
diphenylphosphinate i n 2-methoxyethanol caused an 
immediate p r e c i p i t a t i o n of diphenylphosphinic a c i d . 
This was g r a v i m e t r i c a l l y estimated a f t e r the removal of 
2-methoxyethanol and proper d i l u t i o n (Pound: Ph2P02 as 
Ph2P02H, 79.7; Me2A102PPh2 r e q u i r e s Ph2P02 as Ph2P02H, 
79.6/0). 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. Solutio n s c o n t a i n i n g 0.59 and 0.89 gm. of 

.dimethylaluminium diphenylphosphinate i n 100 gm. of 

benzene gave i n each case 527 f o r molecular weight. 

The dimer CMe2A102PPh2]2 r e q u i r e s 548. 

I n f r a r e d Spectrum 
The i n f r a r e d spectrum of dimethylaluminium diphenyl­

phosphinate (below 2000 cm. •*•) was recorded f o r s o l u t i o n s 
i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h potassium 
bromide windows and a 0.1 mm. spacer. The bands observed 
( e x c l u d i n g the solvent bands) are given below: 
1431(vs), 1199(vs), 1188(s,sh), 1134(vs), 1072(vs), 1027(m), 
998(m), 922(vw), 785(vw), 752(s), 730(s), 691(vs) 683(vs), 
620(vw), 604(w), 590(w), 548(m). 
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D i m e t h y l g a l l i u m Diphenylphosphinate 
P r e p a r a t i o n . 

T r i m e t h y l g a l l i u m ( 1 . 3 gm; 0.011 mole) i n benzene 
(25 ml.) reacted w i t h a suspension of diphenylphosphinic 
a c i d ( 2 . 1 gm; 0.009 mole) i n benzene (15 ml.) to, give 
w h i t e c r y s t a l l i n e d i m e t h y l g a l l l u m diphenylphosphinate 
and methane. The experimental procedure was s i m i l a r t o 
t h a t described f o r the previous compound. The t r i m e t h y l ­
g a l l i u m s o l u t i o n was placed i n the f l a s k and the sus­
pension of diphenylphosphinic acid was slowly added. A 
l i v e l y r e a c t i o n took place w i t h gas e v o l u t i o n . The 
products of the r e a c t i o n remained dissolved i n the solvent, 
which was removed under reduced pressure, l e a v i n g a 
white residue. Pure d i m e t h y l g a l l i u m diphenylphosphinate 
was obtained from t h i s residue by vacuum sublimation 
(0.01 ram./l60°C) as a white c r y s t a l l i n e s o l i d . I t had 
m.p. 164°C. (Pound: Ga, 21.9, 'Pi^2^^2^' 6 8 . 3 ; 

Me2Ga02PPh2 r e q u i r e s Ga, 22.0, Ph2P02 as Ph2P02H, 68.8fo). 

I n c o n t r a s t t o the corresponding aluminium compound, i t 
was necessary t o heat d i m e t h y l g a l l i u m diphenylphosphinate 
w i t h s t r o n g h y d r o c h l o r i c acid f o r complete decomposition, 
and q u a n t i t a t i v e p r e c i p i t a t i o n of diphenylphosphinic 
a c i d , on d i l u t i n g w i t h water afterwards. The compound 
was s o l u b l e i n organic solvents l i k e ether, benzene, 
carbon t e t r a c h l o r i d e and carbon d i s u l p h i d e . 
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Molecular Weight. 

Molecular weights were sdetermined c r y o s c o p i c a l l y i n 
benzene. Solutions c o n t a i n i n g 1.25, 1.89 and 2.06 gm, of 
d i m e t h y I g a l l i u m diphenylphosphinate i n 100 gm. of benzene 
gave r e s p e c t i v e l y 667, 646 and 642 f o r molecular weight. 
The dimer CMe2Ga02PPh2]2 r e q u i r e s 633.5. 
I n f r a r e d Spectrum. 

The i n f r a r e d spectrum of d i m e t h y I g a l l i u m diphenyl­
phosphinate (below 2000 cm ''') was recorded f o r s o l u t i o n 
i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h potassium 
bromide windows and a 0.1 mm. spacer. The bands observed 
( e x c l u d i n g the solvent bands) are given belaw: 
1431(vs), 1203(ms), l l 8 0 ( s ) , 1130(vs), 1067(m,sh), 1048(s), 
1024(ms) 998(m), 751(ms), 727(s), 700(m,sh), 692(s), 
594(m), 564(ms), 5'3f(m). 

Dimethylaluminium Diphenyl-thiophosphinate 
P r e p a r a t i o n . 

Trimethylaluminium (0.7 gm.; 0.0098 mole) i n benzene 
(15 ml.) reacted w i t h a suspension of diphenylthiophosphinic 
ac i d (2.0 gm.; 0.0085 mole) i n benzene (20 ml.) t o give 
w h i t e . c r y s t a l l i n e dimethylaluminium diphenyl-thiophos­
phinate (75^) and methane. The experimental procedure 
was s i m i l a r t o t h a t described f o r the p r e p a r a t i o n of the 
previous compound. The t r i m e t h y l a l u m i n i u m s o l u t i o n was 
placed i n the f l a s k and the suspension of diphenylthiophos-
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p M n i c a c i d was s l o w l y added, A l i v e l y r e a c t i o n took 
p l a c e w i t h gas e v o l u t i o n . The products of the r e a c t i o n 
remained d i s s o l v e d i n the s o l v e n t , which was removed 
under reduced p r e s s u r e , l e a v i n g a white r e s i d u e . Pure 
dimethylaluminium diphenylthiophosphinate was obtained 
from t h i s r e s i d u e by vacuum sublimation (0.01 mm./l60-
80°'c) as a white c r y s t a l l i n e s o l i d . I t : had m.p. 227-
8°C (Found: A l , 9.2; Me2A10SPPh2 r e q u i r e s A l , 9.3fo). 
The compound was s o l u b l e i n organic s o l v e n t s l i k e ether, 
benzene and carbon d i s u l p h i d e . 
H y d r o l y s i s . 

Dimethylaluminium diphenyl-thiophosphinate (0.1456gm) 

was hydrolysed i n the vacuum l i n e w i t h 2-methoxyethanol 

and 2N-sulphuric a c i d . The methane was measured (22.2 ml. 

a t S . T . P . ) . C a l c u l a t e d f o r 0.1456 gm. dimethylaluminium 

diphenyl-thiophosphinate 22.5 ml. at S.T.P. 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y i n 

benzene. S o l u t i o n s c o n t a i n i n g 0.90 and 1.40 gm. of 

dimethylaluminium diphenyl-thiophosphinate i n 100 gm. 

of benzene gave r e s p e c t i v e l y 597 and 564 f o r molecular 

weights. The dimer CMe2A10SPPh2]2 r e q u i r e s 580. 

I n f r a r e d Spectrum. 

The i n f r a r e d spectrum of dimethylaluminium diphenyl-

thiophosphinate (below 2000 cm"-'-) was recorded f o r s o l u t i o n 



- l a ­

i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h potassium 

bromide windows and a 0.1 mm. spacer. The bands observed 

( e x c l u d i n g the s o l v e n t bands) are given below: 

1 4 3 9 ( v s ) , 12G0(m), l l 8 9 ( m , s h ) , 1 1 1 7 ( s ) , 1064(ms), 1047(ms), 

1026(ms), 999(m), 800(m), 7 5 0 ( s ) , 7 4 6 ( s , s h ) , 7 2 7 ( v s ) , 

7 1 5 ( v s ) , 6 9 1 ( v s ) , 6 7 8 ( s , s h ) , 656(m,sh), 629(ms), 6l2(ms), 

568(m), 548(m), 5 1 7 ( v s ) . 

The f a r - i n f r a r e d spectrum recorded as s o l u t i o n i n 

benzene i s given below: 

454(m), 403(m), 355'(s), 333(ms,sh). 

Dimethylgallium Diphenyl-thiophosphinate 

P r e p a r a t i o n . 

T r i m e t h y l g a l l i u m (1,1 gm; 0.0095 mole) i n benzene 

(15 ml.) r e a c t e d w i t h a suspension of diphenylthiophos-

p h i n i c a c i d (2.0 gm; 0.0085 mole) i n benzene (20 ml.) to 

g i v e white c r y s t a l l i n e d imethylgallium diphenyl-thiophos­

phinate (75^) and methane. The experimental procedure 

was s i m i l a r to t h a t described f o r the preparation of the 

previous compound. The t r i m e t h y l g a l l i u m s o l u t i o n was 

placed i n the f l a s k and the suspension of d i p h e n y l t h i o -

phosphinic a c i d was slowly added. A l i v e l y r e a c t i o n took 

p l a c e w i t h gas e v o l u t i o n . The products of the r e a c t i o n 

remained d i s s o l v e d i n the s o l v e n t , which v/as removed under 

reduced p r e s s u r e , l e a v i n g a white s o l i d . Pure dimethyl-

g a l l i u m diphenyl-thiophosphinate was obtained from t h i s 
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t h i s r e s i d u e by vacuum sublimation (0.01 mm./l60-80°C) 
as a white c r y s t a l l i n e s o l i d . I t had m.p. 203-4^0. 
(Pound: Ga, 20.9; Me2GaOSPPh2 r e q u i r e s Ga, 20.9^). The 
compound was s o l u b l e i n organic s o l v e n t s l i k e ether, 
benzene and carbon d i s u l p h i d e . 
Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. S o l u t i o n s c o n t a i n i n g 1.20 and 1.70 gm. of 

d i m e t h y l g a l l i u m diphenyl-thiophosphinate i n 100 gm. 

of benzene gave r e s p e c t i v e l y 664 and 676 f o r molecular 

weights. The dimer CMe2GaOSPPh2]2 r e q u i r e s 666. 

I n f r a r e d Spectrum 

The i n f r a r e d spectrum of dimethylgallium diphenyl-

thiophosphinate (below 2000 cm "'') was recorded f o r 

s o l u t i o n s i n carbon d i s u l p h i d e i n a l i q u i d c e l l w i t h 

potassium bromide windows and a 0.1 mm. spacer. The 

bands observed ( e x c l u d i n g the solvent bands) are given 

below: 

1 4 3 1 ( v s ) , 1199(m), 1 1 1 7 ( v s ) , 1 0 8 9 ( s ) , 1 0 6 6 ( s ) , 1027(ms), 

999(m), 7 5 1 ( s ) , 7 4 5 ( s , s h ) , 7 2 0 ( v s ) , 7 0 7 ( v s ) , 6 9 2 ( v s ) , 

676(m), 6 2 5 ( s ) , 6 0 4 ( v s ) , 5 3 3 ( s , s h ) , 5 2 3 ( v s ) , 509(ms,sh). 

The f a r - i n f r a r e d spectrum recorded as s o l u t i o n i n 

benzene i s given below: 

426(m), 389(m), 3 0 0 ( v s ) , 274(w,sh), 
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Dimethylaluminium Dimethyl-dithiophosphinate 

P r e p a r a t i o n . 

Trimethylaluminium (1.6 gm.; 0.0222 mole) i n 

benzene (15 ml.) r e a c t e d w i t h a s o l u t i o n of dimethyl-

d i t h i o p h o s p h i n i c a c i d (2.5 gm.; 0.0206 mole) i n benzene 

(20 ml.) to give white c r y s t a l l i n e dimethylalTominium 

dimethyl-dithiophosphinate and methane. The t r i m e t h y l -

aluminium s o l u t i o n was placed i n the f l a s k and the 

s o l u t i o n of d i m e t h y l d i t h i o p h o s p h i n i c a c i d was s l o w l y 

added, A l i v e l y r e a c t i o n took place w i t h gas e v o l u t i o n . 

The products of the r e a c t i o n remained d i s s o l v e d i n the 

s o l v e n t , which was removed under reduced pressure, 

l e a v i n g a white r e s i d u e . Pure dimethylaluminium dimethyl-

dithiophosphinate was obtained from t h i s r e s i d u e by 

vacuum su b l i m a t i o n (0,01 mm,/40-5°C) as a c o l o u r l e s s 

rhombic ( a n g l e s almost equal to 90*^) c r y s t a l l i n e s o l i d . 

I t had m,p. 103-4°G (Found: A l , 14.5; Me2AlS2PMe2 r e q u i r e s 

A l , 14,8?^). The compound was very s e n s i t i v e to a i r and 

inflamed when touched w i t h a drop of water. I t did not 

r e a c t w i t h trimethylamine at room temperature. I t was 

s o l u b l e i n organic s o l v e n t s l i k e ether, benzene, carbon 

t e t r a c h l o r i d e and carbon d i s u l p h i d e . 

H y d r o l y s i s . 

Dimethylaluminium dimethyl-dithiophosphinate (0.1450gm) 

was hydrolysed i n the vacuum l i n e w i t h 2-methoxyethanol 
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and 2N-sulphuric a c i d . I t d i s s o l v e d i n 2-methoxyethanol 

at room temperature g i v i n g a c o l o u r l e s s s o l u t i o n w i t h 

almost complete e v o l u t i o n of methane. The h y d r o l y s i s 

was completed w i t h 2N-sulphuric a c i d and the methane 

was measured (35.4 ml. at S.T.P.) C a l c u l a t e d f o r 0.1450gm 

dimethylaluminium dimethyl-dithiophosphinate 35.7 ml. 

at S.T.P. 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. S o l u t i o n s c o n t a i n i n g 0.98 and 1.47 gm. 

of dimethylaluminium dimethyl-dithiophosphinate i n 

100 gm. of benzene gave r e s p e c t i v e l y 218 and 206 f o r 

molecular weights. The monomer Me2AlS2PMe2 r e q u i r e s 182. 

I n f r a r e d Spectrum. 

The infrared-spectrum ( s o l u t i o n i n carbon d i s u l p h i d e ) 

i s g i ven below: 

1 4 1 4 ( s ) , 1 4 0 3 ( s ) , 1395(ms), 1296(m), 1 2 8 7 ( s ) , 1 1 8 6 ( s ) , 

1174(w,sh), 99;(w), 9 4 8 ( v s ) , 9 1 2 ( v s ) , 8 5 3 ( s ) , 7 6 2 ( s ) , 

7 4 0 ( s ) , 7 2 9 ( s ) , 6 8 7 ( v s ) , 646(ms,sh), 599(ms), 585(ms), 

579(ms), 5 0 5 ( s ) , 493(m). 

The f a r i n f r a r e d spectrum ( s o l u t i o n i n benzene) 

i s g i v e n below: 

394(w), 3 4 8 ( v s ) , 310(m), 292(vw), 271(m). 
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Methylaluminium B i s ( d i p h e n y l - d i t h i o p h o s p h i n a t e ) . 

P r e p a r a t i o n . 

T h i s compound was obtained i n an attempt to prepare 

dimethylaluminium diphenyl-dithiophosphinate. T r i m e t h y l -

aluminium (0.6gm; 0.008 mole) i n benzene (15 ml.) re a c t e d 

w i t h a s o l u t i o n of diphenyldithi o p h o s p h i n i c a c i d (2.0gm; 

0,008 mole) i n benzene (25 ml,) to give white methyl-

aluminium b i s ( d i p h e n y l - d i t h i o p h o s p h i n a t e ) , methane and 

some imreacted trimethylaluminium. The t r i m e t h y l -

aluminium s o l u t i o n was placed i n the f l a s k and the 

s o l u t i o n of diphenyldithiophosphinc a c i d was r a p i d l y 

added. A l i v e l y r e a c t i o n took place with gas e v o l u t i o n . 

The products of the r e a c t i o n remained d i s s o l v e d i n the 

s o l v e n t , which was removed under reduced pressure, 

l e a v i n g a c o l o u r l e s s v i s c o u s l i q u i d . More v o l a t i l e 

m a t e r i a l s were l o s t on f u r t h e r pumping at 200°C, and a 

white s o l i d was l e f t behind. The compoundbecame s o f t at 

180°C and melted completely at 260°C.(Pound: A l , 4.6; 

MeAl( S2PPh2)2 r e q u i r e s A l , 5.0?^). 

H y d r o l y s i s . 

Methylaluminium b i s ( d i p h e n y l - d i t h i o p h o s p h i n a t e ) 

was hydrolysed (0.1390) i n the vacuum l i n e w i t h 2-

methoxyethanol and 2N-sulphuric a c i d . The methane was 

measured (5.7 ml. at S.T.P.). C a l c u l a t e d f o r 0.1390 gm. 
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methylaluminium b i s ( d i p h e n y l - d i t h i o p h o s p h i n a t e ) 5.7 ml. 

at S.T.P. 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. S o l u t i o n s c o n t a i n i n g 1.0 and 1.5 gm. of 

methylaluminium b i s ( d i p h e n y l - d i t h i o p h o s p h i n a t e ) i n 100 gm . 

of benzene gave r e s p e c t i v e l y 560 and 541- f o r molecular 

weights. The monomer MeAl(S2PPh2)2 r e q u i r e s 540.5. 

I n f r a r e d Spectrum. 

The i n f r a r e d spectrum ( s o l u t i o n i n carbon d i s u l p h i d e ) 

i s g i v e n below: 

1 4 3 7 ( s ) , 1385(vw), 1 3 3 7 ( w ) , 1325(vw), 1307(w), 1182(m), 

1160(vw), 1 1 0 5 ( s ) , l l O l ( s ) , 1068(vw), 1028(m), lOOO(m), 

985(vw), 969(vw), 920(vw), 8 l 3 ( w ) , 785(w), 7 4 4 ( s ) , 7 0 9 ( v s ) , 

6 8 9 ( v s ) , 6 7 3 ( s ) , 6 5 4 ( s ) , 633(m,sh), 612(m), 5 6 6 ( v s ) , 

529(w) 4 8 5 ( s ) . 

The f a r i n f r a r e d spectrum ( s o l u t i o n i n benzene) 

i s g i v e n below: 

391(s), 373(m,sh), 329(m), 312(m,sh), 230(m). 

Aluminium T r i s ( d i m e t h y l - d i t h i o p h o s p h i n a t e ) 

P r e p a r a t i o n . 

Trimethylaluminium (0.4 gm; 0.0055 mole) i n benzene 

(5 ml.) r e a c t e d w i t h a s o l u t i o n of dimethyldithiophos-

p h i n i c a c i d (2.0gm; 0.0158 mole) i n benzene (20 ml.) to 
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give aluminium t r i s ( d i m e t h y l - d i t h i o p h o s p h i n a t e ) and 
methane. The dimethyldithiophosphinic a c i d s o l u t i o n was 
p l a c e d i n the f l a s k and the s o l u t i o n of trimethylaluminium 
was s l o w l y added. A l i v e l y r e a c t i o n took place w i t h gas 
e v o l u t i o n . The products of the r e a c t i o n remained d i s ­
s o l v e d i n the s o l v e n t , which was removed under reduced 
p r e s s u r e , l e a v i n g a white s o l i d . I t was heated at 100°C 
w i t h pumping to d r i v e out any v o l a t i l e i m p u r i t i e s . Pure 
aluminium t r i s ( dimethyl-dithiophosphinate) was obtained 
by vacuum s u b l i m a t i o n (OJ2Lmm/l90°C) as a white c r y s t a l l i n e 
s o l i d (50/0. j i i e l d ) . I t had m.p. 186-8°C. (Pound: A l , 6.6; 
AlCS2PMe2]2 r e q u i r e s A l , 6.7%). No methane was detected 
when a sample of the compound,was hydrolysed i n the vacuum 
l i n e w i t h 2N-sulphuric a c i d . 
Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. S o l u t i o n s c o n t a i n i n g 0.97 and 1.40 gm. of 

aluminivim t r i s ( dimethyl-dithiophosphinate) i n 100 gm. 

of benzene gave r e s p e c t i v e l y 429 and 441 f o r molecular 

weights. The monomer Al[S2PMe2]-^ r e q u i r e s 402.5. 

I n f r a r e d Spectrum. 

The i n f r a r e d spectrum ( N u j o l m u l l ) i s given below: 

1290(vw,sh), 1280(m), 1160(vw), 9 5 6 ( s ) , 9 4 4 ( s ) , 9 2 1 ( s ) , 

9 0 9 ( s ) , 858(w ) , 847(m), 741(m,sh), 7 2 9 ( s ) , 6 0 1 ( s ) , 

587(ms), 501(m). 
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The f a r i n f r a r e d spectrum ( s o l u t i o n i n benzene) 

i s g i v e n below: 

3 2 8 ( v s ) , 3 0 8 ( s , s h ) , 272(m), 264(m). 

Dimethylgallium Dimethyl-dithiophosphinate 

P r e p a r a t i o n . 

T r i m e t h y l g a l l i u m (1.9 gm.; 0.01615 mole) i n benzene 

(15 ml.) r e a c t e d w i t h a s o l u t i o n of dimethyldithiophos­

p h i n i c a c i d (2.0 gm; 0.0158 mole) i n benzene (20 ml.) 

to give white c r y s t a l l i n e dimethylgallium d i m e t h y l - d i t h i o ­

phosphinate and methane. The t r i m e t h y l g a l l i u m s o l u t i o n 

was placed i n the f l a s k and the s o l u t i o n of dimethyl­

d i t h i o p h o s p h i n i c a c i d was slowly added. A l i v e l y r e a c t i o n 

took p l a c e w i t h gas e v o l u t i o n . The products of the 

r e a c t i o n remained d i s s o l v e d , i n the s o l v e n t , which was 

removed under reduced p r e s s u r e , l e a v i n g a white r e s i d u e . 

Pure dimethylgallium dimethyl-dithiophosphinate was 

obtained from t h i s r e s i d u e by vacuum sublimation (0.01 mm/ 

100°G) as a white rhombic ( a n g l e s almost equal to 90°) 

c r y s t a l l i n e s o l i d . I t had m.p, 153-4°C (Pound: Ga, 30,9; 

Me2GaS2PMe2 r e q u i r e s Ga, 31.0?^). The compound was 

s o l u b l e i n ether, benzene and carbon d i s u l p h i d e . I t 

did not r e a c t w i t h trimethylamine at room temperature. 

Molecular Weight. 

T h i s was determined c r y o s c o p i c a l l y i n benzene. 

S o l u t i o n s c o n t a i n i n g 0.93 and 1,39 gm. of dimethylgallium 
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dimethyl-dithiophosphinate i n 100 gm. of benzene gave 

i n each case 247 as molecular weight. The monomer 

Me2GaS2PMe2 r e q u i r e s 225. 

I n f r a r e d Spectrum 

The i n f r a r e d spectrum ( s o l u t i o n i n carbon d i s u l p h i d e ) 

i s g i v e n below: 

1 4 l 8 ( s , s h ) , 1 4 0 6 ( s , s h ) , 1397(ms), L292(m), 1282(ms), 

1190(ms), 9 4 4 ( v s ) , 9 0 8 ( v s ) , 8 5 0 ( s ) , 761(ms), 7 3 5 ( s , s h ) , 

7 2 5 ( v s ) , 5 9 0 ( v s ) , 537(ms), 5 0 3 ( s ) . 

The f a r i n f r a r e d spectrum ( s o l u t i o n i n benzene) 

i s g i v e n below: 

3 1 4 ( v s ) , 277(m,sh), 2 6 7 ( s ) . 

Dimethylindium Dimethyl-dithiophosphinate 

P r e p a r a t i o n . 

Trimethylindium (l,2gm; 0.0075 mole) i n ether (•15ml.) 

r e a c t e d w i t h a s o l u t i o n of dimethyldithiophosphinic a c i d 

(0,8 gm; 0.0063 mole) i n ether (20 ml.) to give white 

c r y s t a l l i n e dimethylindium dimethyl-dithiophosphinate 

and methane. The trim e t h y l i n d i i i m s o l u t i o n was placed 

i n the f l a s k and the s o l u t i o n of dimethyldithiophosphinic 

a c i d was slowly added. There was a l i v e l y r e a c t i o n w i t h 

gas e v o l u t i o n . The products of the r e a c t i o n remained 

d i s s o l v e d i n the s o l v e n t , which was removed under reduced 

p r e s s u r e , l e a v i n g a white r e s i d u e . Pure dimethylindium 
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dimethyl-dithiophosphinate was obtained from t h i s r e s i d u e 

by vacuum s u b l i m a t i o n (0,01 mm./llO-20°C) as a white 

c r y s t a l l i n e s o l i d . I t had m.p. 184-5°C. (Pound: I n , 

42.5; Me2lnS2PMe2 r e q u i r e s I n , \2,%). The compound 

was s o l u b l e i n ether, benzene and carbon d i s u l p h i d e . 

Molecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y 

i n benzene. S o l u t i o n s c o n t a i n i n g 0.49 and 0,74 gm. 

of dimethylindium dimethyl-dithiophosphinate i n 100 gm. 

of benzene gave r e s p e c t i v e l y 291 and 293 f o r molecular 

weights. The monomer Me2lnS2PMe2 r e q u i r e s 270. 

I n f r a r e d Spectrum. 

The i n f r a r e d spectrum ( s o l u t i o n i n carbon d i s u l p h i d e ) 

i s g i v e n belo.w: 

1416(ms,sh), 1406(m,sh), 1397(m), 1294(w), 1284(m), 

1147(vw), 9 4 8 ( s ) , 9 1 1 ( s ) , 898(w,sh), 852(m), 738(m), 

724(ms), 5 9 6 ( s ) , 508(w), 496(ms). 

The f a r i n f r a r e d spectrum ( s o l u t i o n i n benzene) 

i s g i ven below: 

323(m,sh), 3 1 3 ( s ) , 271(m), 256(m). 

D i m e t h y l t h a l l i u m Dimethyl-dithiophosphinate. 

P r e p a r a t i o n . 

A s o l u t i o n of d i m e t h y l t h a l l i u m cyanide (1.0 gm.; 

0.0038 mole) i n water (50 ml.) r e a c t e d w i t h a s o l u t i o n 





- 151 -

of d i m e t h y l d i t h i o p h o s p h i n i c a c i d (0.5 gm.; 0.0038 mole) 
i n e thanol (15 ml.) to give a white p r e c i p i t a t e of 
d i m e t h y l t h a l l i u m dimethyl-dithiophosphinate i n about 
60'fo y i e l d . I t was f i l t e r e d and p u r i f i e d by r e c r y s t a l -
l i s a t i o n from hot ethanol as a white g l i s t e n i n g s o l i d . 
The compound s t a r t e d to decompose slowly a t 185°C 
and r a p i d l y turned i n t o a black mass at 200°C (Pound: 
H, 3.4; C, 13.3; Me2TlS2PMe2 r e q u i r e s H, 3.3; C, 13.4%). 
I t was s l i g h t l y s o l u b l e i n water but i n s o l u b l e i n benzene, 
Conductance Measurements. 

The conductance measurements were done at 25°C 

i n water. The r e s u l t s are given below: 

j c(mole l"-'-) A 

0.0989 55.9 

0.1006 55.7 

0.1033 54.9 

0.1055 54.8 

0,1078 54.3 

0.1092 54.2 

Spectrum. 

The i n f r a r e d spectrum ( p r e s s e d potassium bromide 

d i s c ) i s given below: 

1404(m.), 1290(vw), 1280(ms), 1170(vw), 1087(vw), 9 4 3 ( v s ) , 

9 0 9 ( v s ) , 847(m), 7 9 7 ( s ) , 733(m), 7 1 0 ( s ) , 5:88(vs), 540(m), 

496(ms). 
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The f a r i n f r a r e d spectrum ( n u j o l m ull) i s given 

below: 

295(m), 287(w,sh), 233(ms). 

Caesium Dimethyl-dithiophosphinate 

P r e p a r a t i o n . 

A s o l u t i o n of caesium carbonate (2.6 gm.; 0.008 

mole) i n water (15 ml.) was s l o w l y added to a s o l u t i o n 

of dimethyl d i t h i o p h o s p h i n i c a c i d (2.0 gm.; 0.016 mole) 

i n ethanol (15 m l . ) . A l i v e l y r e a c t i o n took place 

w i t h gas e v o l u t i o n . The s o l v e n t was removed under 

reduced p r e s s i i r e , l e a v i n g a white c r y s t a l l i n e s o l i d . 

I t was p u r i f i e d by r e c r y s t a l l i s a t i o n from a mixture 

of water and a l c o h o l (Pound: H, 2.5; C, 9.3; CsCS2PMe2] 

r e q u i r e s H, 2.3; G, 9.3%). 

I n f r a r e d Spectrum. 

The i n f r a r e d spectrum (p r e s s e d potassium bromide 

d i s c ) i s given below: 

14l8(m), 1404(ms), 1290(m), 1 2 7 9 ( s ) , 1105(vw), 9 5 2 ( s ) , 

9 1 5 ( v s ) , 8 4 7 ( s ) , 7 3 4 ( s ) , 7 1 5 ( v s ) , 6 0 6 ( v s ) , 5 0 5 ( v s ) . 

The f a r i n f r a r e d spectrum ( n u j o l m u l l ) i s given 

below: 

2 8 2 ( s ) , 2 2 0 ( s ) . 
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Dimethylaluminium Benzenesulphinate 
P r e p a r a t i o n . 

Trimethylaluminium (1.2 gm. ; 0.0166 mole) i n benzene 

(15 ml.) r e a c t e d v/ith a s o l u t i o n of benzene s u l p h i n i c 

a c i d (2.1 gm.; 0.0147 mole) i n the same so l v e n t (100 ml.) 

to g ive white c r y s t a l l i n e dimethylaluminium benzene-

s u l p h i n a t e and methane. The trimethylaluminium s o l u t i o n 

was placed i n the f l a s k and the s o l u t i o n of benzene 

s u l p h i n i c a c i d was s l o w l y added. A l i v e l y r e a c t i o n took 

p l a c e w i t h gas e v o l u t i o n . The products of the r e a c t i o n 

remained d i s s o l v e d i n the s o l v e n t , which wa,s removed 

under reduced p r e s s u r e , l e a v i n g a white r e s i d u e . Pure 

dimethylaluminium benzene-sulphinate was obtained from 

t h i s r e s i d u e by vacuum sublimation (0.01 mm./l20-30°C) as 

a white c r y s t a l l i n e s o l i d . I t had m.p. 61-2°C. (Found: 

A l , 13.4; Me2A102SPh r e q u i r e s A l , 13.6%). The compound 

was s o l u b l e i n e t h e r , benzene, and carbon d i s u l p h i d e . 

H y d r o l y s i s . ' 

Dimethylal\iminium benzene-sulphinate (0.1828 gm.) 

was hydrolysed i n the vacuum l i n e w ith 2-methoxyethanol 

and 2N-sulphuric a c i d . The methane was measured (40.9 ml. 

a t S.T.P.). C a l c u l a t e d f o r 0.1828 gm. dimethylaluminium 

benzene-sulphinate 41.3 ml. at S.T.P. 

Mo:).ecular Weight. 

Molecular weights were determined c r y o s c o p i c a l l y i n 
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benzene. S o l u t i o n s c o n t a i n i n g 0.74 and 1.09 gm. of 
dimethylaluminium benzene-sulphinate i n 100 gm. of benzene 
gave i n each case 429 f o r molecular weight. The dimer 
[Me2A102SPh]2 r e q u i r e s 396. 
I n f r a r e d Spectrum. 

The i n f r a r e d spectrum ( s o l u t i o n i n carbon d i s u l p h i d e ) 

i s g i v e n below: 

1 4 4 5 ( s , s h ) , 1192(ms), 1089(m), 1027-1005(s,broad band), 

980-970(s, broad band.), 7 5 3 ( s ) , 7 0 4 ( v s ) , 6 8 8 ( v s ) , 620(m), " 

612(w), 588(w). 

Dimethylgallium Benzene-sulphinate 

P r e p a r a t i o n . 

T r i m e t h y l g a l l i u m (1.5 gm.; 0.0130 mole) i n ether 

(15 ml.) r e a c t e d w i t h a s.olution of benzene s u l p h i n i c 

a c i d (1.7 gm.; 0.0119 mole) i n ether (50 ml.) to give 

white c r y s t a l l i n e dimethylgallium benzene-sulphinate and 

methane. The t r i m e t h y l g a l l i u m s o l u t i o n was placed i n 

the f l a s k and the s o l u t i o n of benzene s u l p h i n i c a c i d was 

s l o w l y added. A l i v e l y r e a c t i o n took place with gas 

e v o l u t i o n . The products of the r e a c t i o n remained d i s s o l v e d 

i n the s o l v e n t , which was removed under reduced pressure, 

l e a v i n g a white r e s i d u e . Pure d i m e t h y l g a l l i i m benzene-

s u l p h i n a t e was obtained, from t h i s r e s i d u e by vacuum 

s u b l i m a t i o n (0.01 mm./l20°C) as a white c r y s t a l l i n e s o l i d . 

I t had m.p. 56-7°C. (Found: Ga, 28..8; Me2Ga02SPh r e q u i r e s 
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&a, 2 8 . 9 f o ) . 

Molecular Weight. 

The molecular weights vifere determined cryoscojpically 
i n benzene. Solutions containing 0 . 7 7 and 1 , 1 3 gm. of 
dimethylgallium benzene-sulphinate i n 1 0 0 gm. of benzene 
gave respectively 4 9 5 and 4 7 7 f o r molecular weights. The 
dimer iMe^GaO^SPh']^ requires 4 8 2 . 

I n f r a r e d Spectrim. 
The i n f r a r e d spectriim ( s o l u t i o n i n carbon disulphide 

and benzene) i s given below: 
1 4 4 5 ( s ) , 1 2 0 3 ( s ) , 1 1 2 4 ( m ) , 1 0 8 2 ( m ) , 1 0 4 8 ( m ) , 1 0 0 5 ( v s ) , 

9 4 1 ( s ) , 7 3 5 ( s ) , ; 6 9 7 ( s ) , 6 8 3 ( s ) , 5 8 4 ( s ) , 5 3 9 ( s ) , 4 5 9 ( s ) . 

The f a r i n f r a r e d spectrum (benzene solution) i s given 
below: 
4 2 0 ( s ) , 3 5 2 ( s ) , 3 2 9(ms,sh), 2 7 5 ( w ) . 

Barium Benzene-sulphinate 
Preparation. 

Benzene sulphinic acid ( 2 . 1 gm,) dissolved i n about 
5 0 ml. water was shaken w i t h excess of barium carbonate, 
i n an atmosphere of nitrogen. There was a l i v e l y reaction 
w i t h gas evolution. The reaction mixture was s l i g h t l y heated 
towards the end. I t was d i l u t e d to 2 0 0 ml, and the unreacted 
barium carbonate was removed by f i l t r a t i o n . The barium 
benzene-sulphinate was p u r i f i e d by r e c r y s t a l l i s a t i o n from 
water' [Pound: H, 2 . 5 ; C, 3 4 , 2 ; B a ( 0 2 S P h ) 2 requires H, 2 , 4 ; 
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C, 3 4 . 3 5 % ] . 

I n f r a r e d Spectrum. 
The in f r a r e d spectrum (pressed potassium bromide 

disc) i s given below: 
1443(ms), 1088(m), 1020(m,sh), 9 8 6 ( v s ) , 971(s), 960(vs), 
751(m,sh), 7 4 4 ( s ) , 7 0 4(ms), 6 8 9 ( s ) , 5 8 l ( s ) , 505(ms), 
4 8 7 ( m ) . 

Bimethylaluminium Methane-sulphonate 
Preparation. 

Trimethylaluminium (1.3 gm.; 0.0180 mole) i n benzene 
(15 ml.) reacted w i t h a well-shaken emulsion of methane 
sulphonic acid (1.7 gm.; 0.0177 mole) i n benzene (30 ml. ) 
to give white c r y s t a l l i n e dimethylaluminium methane-
sulphonate and methane. The trimethylaluminium solution 
was placed i n the f l a s k and the emulsion of me thane-sulphonic 
acid was slowly added. There was a l i v e l y reaction with 
gas evolution. The products of the reaction remained 
dissolved i n the solvent, which was removed under reduced 
pressure, leaving a white residue. Pure dimethylaluminiiim 
methane-sulphonate was obtained from t h i s residue by 
vacuum sublimation (O.Ol mm,/100°G) as a white c r y s t a l l i n e 
s o l i d . I t had m.p. 65-6°C. (Pound: A l , 17.7; Me2A102SMe 
requires Al 17.7 /o) . 

Hydrolysis. 
Dimethylaluminium methane-sulphonate (0.1042 gm.) 
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was hydrolysed i n the vacuum l i n e w i th 2-methoxyethanol 
and 2N-sulphuric acid. The methane was measured (30.4 ml. 
at S.T.P.). Calculated f o r 0.1042 gm. dimethylaluminium 
methane-sulphonate 30.7 ml. at S.T.P. 
Molecular Weight. 

The molecular v/eights were determined cryoscopically 
i n benzene. Solutions containing 0.74 and 1.11 gm. of 
dimethy^aluminium methane-sulphonate i n 100 gm. of benzene 
gave respectively 432 and 467 f o r molecular weights. 
The t r i m e r [Me2A10^SMe]2 requires 456. 
I n f r a r e d Spectrum. 

Examination of the i n f r a r e d spectrum of dimethyl­
aluminium methane-sulphonate was r e s t r i c t e d by the d i f f i c u l t y 
of f i n d i n g a suitable solvent, f o r example, the substance 
was sparingly soluble i n carbon disulphide. I t was also 
sensitive to a i r . 
DimethyIgallium Methane-sulphonate 
Preparation. 

T r i m e t h y l g a l l i ^ (1.7 gm.; 0.0147 mole) i n benzene 
(20 ml.) reacted w i t h a well-shaken emulsion of methane 
sulphonic acid (1.4 gm.; 0,0145 mole) i n benzene (30 ml.) 
to give white c r y s t a l l i n e dimethylgallium methane-sulphonate. 
and methane. The trimethyIgallium solution was placed 
i n the f l a s k and the emulsion of methane-sulphonic acid 
was slowly added. There was a l i v e l y reaction with gas 
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evolution. The products of the reaction remained 
dissolved i n the solvent, which was removed under reduced 
pressure, leaving a white residue. Pure dimethylgallium 
methane-sulphonate was obtained from t h i s residue by 
vacuum sublimation (0,01 mm/lOO°C) as a white c r y s t a l l i n e 
s o l i d . I t had m.p, 79-80°C. (Pound: Ga, 3 5 , 7 ; Me2&aÔ SMe 
requires G-a, 3 5 , 8 ? ^ ) . 

Molecular Weight. 

This was determined cryoscopically i n benzene. 
Solutions containing 0.67 and 1.01 gm. of dimethyl­
gallium methane-sulphonate i n 100 gm. of benzene gave i n 
each case 5 8 7 f o r molecular weight. The trimer [Me2&aO^ 
SMe]^ requires 5 8 4 . 

Dimethylgallium Dimethylarsinate 
Preparation. 

Crystals of dimethylarsinic acid (1.4 gm.; 0.0101 mole) 
were slowly added to a solution of trimethylgallium ( 1 . 3 gm. 
i n 20 ml. benzene; 0,0113 mole) i n an atmosphere of n i t r o ­
gen. There was a slow reaction with gas evolution. The 
products of the reaction remained dissolved i n the solvent, 
which was removed under reduced pressure, leaving a white 
residue. Pure dimethylgallium dimethylarsinate was obtained 
from t h i s residue by vacuum sublimation (0,01 mm./llO°C) 
as a white g l i s t e n i n g c r y s t a l l i n e s o l i d , nearly quantitative 
y i e l d . I t had m.p, 144-5°C. (Pound: Ga, 29.8; Me2Ga02AsMe2 
requires Ga, 29.9 /o) . 
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Molecular Weight. 

Molecular weights were determined cryoscopically 
i n benzene. Solutions containing 1.08 and 1.60 gm. of 
dimethylgallium dimethylarsinate i n 100 gm. of benzene 
gave respectively 475 and 502 f o r molecular weights. The 
dimer CMe2Ga02AsMe2]2 requires 473. 
In f r a r e d Spectrum. 

The i n f r a r e d spectrum ( s o l u t i o n i n carbon disulphide) 
i s given below: 
1267(m), 1259(w), 1194(m), 897(s), 884(vs), 865(s), 8l8(m), 
738(ms,sh), 725(ms), 675(vs), 642(m), 580(m), 535(m). 

The f a r i n f r a r e d spectrum (benzene solution) i s given 
below: 
433(s), 408(s), 283(ms), 269(m). 
Bimethylgallium Pormate. 
Preparation. 

Trimethylgallium (2.3 gm.; 0.020 mole) i n ether (25 ml.) 
reacted w i t h a s o l u t i o n of formic acid (0.90 gm.; 0.0195' mole) 
i n ether 25 ml.) to give white c r y s t a l l i n e dimethylgallium 
formate and methane. The trimethylgallium solution was 
placed i n the f l a s k and the solution of formic acid was 
slowly added. There was a l i v e l y reaction with gas evolution. 
The products of the reaction remained dissolved i n the 
solvent, which was removed under reduced pressure, leaving 
a white residue. Pure dimethylgallium formate was obtained 
from t h i s residue by vacuum sublimation (0.01 mm/60°c)as 
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colourless c r y s t a l s . I t had m.p. 9 7 - 8°C (Pound: Ga, 4 8 . 1 
Me2Ga02CH requires Ga, 4 8 . 2 f o ) . 

Molecular Weight. 

This was determined cryoscopically i n benzene. 
Solutions containing 0.2 and 0 . 3 gm. of dimethylgallium 
formate i n 100 gm. of benzene gave i n each case 312 f o r 
molecular weight. The dimer [Me2Ga02GH]2 requires 290. 
Inf r a r e d Spectrum. 

The i n f r a r e d spectrum from 300 to 2000 cm"""" (Nujol 
mull and C2̂"'"4 solution) i s given below::, 
1616(vs), 1587(vs), 1 5 5 5 ( v s ) , 1 3 7 7 ( v s ) , 1 3 5 3 ( v s ) , 1206(ms), 
1202(ms), 1192(ms), 8 2 3 ( s ) , 7 3 8 ( v s ) , 720(s,sh), 699(ms,sh), 
606(s), 549(m), 3 8 2(m). 

Dimethyl gal liuun Acetate 
Preparation. 

Dimethylgallium acetate was prepared from the reaction 
between trim e t h y l g a l l i u m (1.70 gm.; 0.0148 mole) and acetic 
acid (0.80gm; 0.0133 mole) i n benzene. I t was p u r i f i e d 
by vacuum sublimation (0.01 mm/90-5°C) as a white c r y s t a l l i n e 
s o l i d (m.p. 162-3°C). 
Infr a r e d Spectrum. 

The i n f r a r e d spectrum from 300 to 2000 cm""'' (Nujol mull 
and ^201^ solution) i s given below: 
1754(w), 1534(vs), 1471(vs), 1408(vs), 1203(s), 1053(m), 
1030(ms), 965(m), 761(ms,sh), 740(s), 695(vs), 612(m), 601(s), 
549(ms), 513(m), 329(m). 
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Biethylboron Acetate 
Preparation. 

Biethylboron acetate was prepared from the reaction 
between triethylborane (2.6 gm; 0.0265 mole) and acetic 
acid (1.5 gm.; 0.0250 mole) i n ether, as described by 

(47) 
Meerwein and SOnke:̂ ''̂  
Molecular Weight. 

Molecular weights were determined cryoscopically 
i n benzene. Solutions containing 0.6, 0.9 and 1.0 gm.' of 
diethylboron acetate i n 100 gm. of benzene gave respectively 
170, 180 and 171 f o r molecular weights. 
I n f r a r e d Spectrum. 

The inf r a r e d spectrum from 500 to 2000 cm~''"(Nujol 
mull and C2C1^ solution) i s given below ( p r i n c i p a l bands 
only). 
1709(s), 1610(s), 1587(ms), 1488(m,sh), 1468(s), 14l8(m), 
1300(m), 1289(m), 1247(w), 1064(s), 1031(s), 769(s), 735(s), 
Bimethylgallium (d^) Acetate 
Preparation. 

Bimethylgallium (d^) acetate was prepared from the 
reaction between trime t h y l g a l l i u m (1,5 gm; 0,0130 mole) 
and (d^) acetic acid (0.7 gm; 0.0109 mole) i n benzene. 
I t was p u r i f i e d by vacuum sublimation (0,01 mm/lOO-10°C) as 
a white c r y s t a l l i n e s o l i d (m,p. 164-5°C). 
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I n f r a r e d Spectrum, 
The in f r a r e d spectrum from 300 to 2000 cm (Nujol 

mull and ^201^ solution) i s given below: 
1754(w), 1515(vs), 1475(vs), 1447(s), 1203(s), 1092(w), 
1055(m), 1029(ms), 929(ms), 9l8(ms), 841(s), 758(s,sh), 
735(vs), 696(ms), 661(vs), 600((vs), 548(ms), 526(m), 
471(w), 314(m), 



- 163-
APPENDIX I 

Go-ordination Compounds of B i p y r i d y l with Alkyls and 
Hydrides of Group I I I Elements, 

Addition compounds of 2,2'-bipyridyl with the alk y l s 
and halides of beryllium have been described. ̂  ̂'''̂  The 
compounds BipyBeCl2, BipyBeBr2, BipyBel2, BipyBePh2, 
BipyBeMe2 and BipyBeEt2 were found to be white, pale cream, 
yellow, yellow, yellow and red respectively. U l t r a v i o l e t 
spectra of these compounds were measured, and i t was 
suggested that the t r a n s i t i o n causing these colours i s 
an electron transfer from one of the Be-Z bonds (Z = CI, 
Br, CĤ  etc.) to the lowest unoccupied T i - o r b i t a l of 
ibipy r i d y l or, i n the case of halides, from lone pairs on 
the halogen atom. 

Therefore, i t was considered of int e r e s t to investigate 
the i n t e r a c t i o n of b i p y r i d y l w i t h the alkyls and hydrides 
of group I I I elements. The compounds BipyAlH.^, BipyAlMe^, 
BipyAlEt^ and BipyGaMe^ were found to be v i o l e t , yellow, 
red and blue-green respectively i n colour. However, the 
AlH^ and AlEt^ adducts were f a i r l y unstable and decomposed 
r e a d i l y on standing. The blue-green crystals of the gallium 
compound appeared to loose colour on standing. The a l k y l 
adducts were prepared from the components i n ether, and 

(127) 
Me^NAlH^^ was used as the source of aluminium hydride 
f o r the complex BipyAlH-^, Satisfactory analyses were 
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obtained f o r BipyAlMe-^, which was insoluble i n organic 
solvents.. Molecular weight determinations or u l t r a v i o l e t 
spectroscopic measurements were r e s t r i c t e d by the i n s o l u b i l i t y 

( 5 7 ) 

or i n s t a b i l i t y of these materials (compare^ VBipyBeEtg 
which was found to be monomeric i n benzene). The structures 
of these compounds hâ ve not yet been established. After 
t h i s work was completed, i t has been claimed that the adducts 
of the type BipyAlR^, are monomeric i n benzene^ "̂ ^̂ .̂ 

B i p y r i d y l was dissolved i n excess of trimethylgallium 
to give a colourless solution. Removal of the unreacted 
t r i m e t h y l g a l l i u m under reduced pressure, l e f t a white 
s o l i d which had the composition Bipy(GaMe2)2' The following 
structure i s suggested f o r t h i s compound. 

N 
i 
GaMe 

N 
I 
GaMe 

The compoimd Bipy(BH^)2 was prepared from diborane 
and b i p y r i d y l i n ether. This was insoluble i n organic 
solvents, and i t was not possible to distinguish between 
structures I and I I . 

BH, 

BH BH-
I . 
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EZPERIMENTAL 

B i p y r i d y l Trimethylalane, 
B i p y r i d y l (1,60 gm; 0,010 mole) was placed i n a 

two-neck round-bottomed f l a s k (100 ml,) attached to the 
vacuum l i n e , ether (15 ml.) was condensed on i t and allowed 
to warm to dissolve the b i p y r i d y l . The trimethylaluminium 
(0.77 gm; 0.010 mole) was then condensed on i t , and the 
reactants were warmed from l i q u i d a i r temperature. A 
yellow insoluble p r e c i p i t a t e was obtained, which was p u r i f i e d 
by washing with ether (Pound: A l , 11.75; BipyAlMe^ requires 
A l , 11.89^). I t was sensitive to a i r , and decomposed at 
140°C without melting. The compound was insoluble i n 

benzene at room temperature. An attempt was made to extract 
and c r y s t a l l i s e i t from hot benzene, using a soxhlet f i t t e d 
w i t h a sintered disc. The compound was easily extracted 
w i t h hot benzene g i v i n g a red solution which did not deposit 
crystalson cooling to room temperature, evidently i t had 
decomposed. 

B i p y r i d y l trimethylalane (0.0920 gm.) on hydrolysis 
w i t h 2-methoxyethanol and 2N-sulphuric acid gave 25.9 ml. 
of methane at S.T.P. Calculated f o r 0.0920 gm. BipyAlMe^ 
27.0 ml. at S.T.P. 
B i p y r i d y l Bis(trimethyIgalane) 

B i p y r i d y l (0.2066 gm; 0.00132 mole) was placed i n 
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a two-neck round-bottomed f l a s k (100 ml.) attached to 
the vacuum l i n e through a 4 mm. tap. A measured amount 
of t r i m e t h y l g a l l i i m (441»-6 ml. at S.T.P.) was condensed 
on i t . The tap was closed and the reactants allojyed to 
reach room temperature. The b i p y r i d y l dissolved i n l i q u i d 
t t i m e t h y l g a l l i u m g i v i n g a colourless solution. The excess 
of t r i m e t h y l g a l l i u m was condensed back and measured (381.2 ml, 
at S.T.P.) Hence, 60.4 ml, of trimethylgallium had reacted 
w i t h the b i p y r i d y l . Thus, 0,00132 mole of b i p y r i d y l 
reacted w i t h 0,00269 mole of triraethylgallium to give white 
b i p y r i d y l bis(trimethylgalane), Bipy(GaMe^)2. 
B i p y r i d y l Biborane 

Biborane (from NaBH^ and BP^.OEtg i n diglyme) was 
passed through a s o l u t i o n of b i p y r i d y l (2 gm.) i n ether 
(75 ml.). A white insoluble p r e c i p i t a t e of b i p y r i d y l 
diborane was obtained, which was p u r i f i e d by washing with 
ether (Pound: C, 65.4, H, 3.6; BipyB2Hg requires C, 65.4, 
H, 3*3fo), I t was stable to a i r , and decomposed at 130°G 
without melting. 

The i n f r a r e d spectrum from 400 to 2775 cm (pressed 
potassium iodide disc) i s given below ( p r i n c i p a l bands only). 
2398(vs), 2358(vs), 2339(vs,sh), 2294(s,sh), 16l6(ms), 
1582(m), 1475(s), 1443(ms), 1295(m), 1256(w), l l l 8 l ( v s ) , 
1163(s,sh), 1136(m), 1119(m), 1096(s), 1071(m), 1030(m), 
938(m,sh), 941(ms), 793(vs), 752(m), 559(w,sh), 552(w). 
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APPENDIX I I 

A Gallium Derivative of Diazoaminobenzene 
The compound, Me2GaNPh.N:NPh was prepared by the 

reaction between t rime thy Igalli-um (1.8 gm.; 0,0156 mole) 
and diazoaminobenzene (3.0 gm.; 0.0152 mole r e c r y s t a l l i z e d 
from ethanol s h o r t l y before use) i n benzene, under an 
atmosphere of nitrogen. I t was p u r i f i e d by vacuum 
sublimation (0.01 mm/lOO°C) as a yellow c r y s t a l l i n e s o l i d 
(2.3 gm; 50?̂  y i e l d ) . The compound was soluble i n 
organic solvents. I t had m.p. 53-55°C (Pound: Ga, 23.3; 
Me2GaNPh.N:NPh requires Ga, 23.6?^). 

The molecular weight was determined cryoscopically 
i n benzene. Solutions containing 1.6 and 2.5 gm. of 
the compound i n 100 gm. of benzene gave i n each case 332 
fo r molecular weight. The monomer Me2GaNPh.N;NPh requires 
296.- Therefore, the following structure i s suggested 
f o r t h i s compound. 

NPh 

Me2Ga N 

NPh 

Bands at 595 and 545 cm'"̂  were observed due to 
GaMeg asyinmetrical and symmetrical stretching modes 
respectively i n the inf r a r e d spectrum of the compound 
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