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SUMMARY 

This thesis can he divided conveniently into two 
sections. The f i r s t deals with some complex salts 
containing the organomercury group, RHg-, and the 
second i s concerned w i t h the co-ordination complexes 
formed by the reactions of dimethylcadraium with alcohols 
and t h i o l s . 

Complex s a l t s , [RHgPR^Jx, are formed from a l k y l -
mercuric halides and t e r t i a r y a l k y l phosphines. These 
complexes slowly disproportionate to give dialkylmercury 

i 

and (R^P^HgX,^. Although triphenylphosphine derivatives, 
[RHgPP-ĥ ] X, could not be isolated w i t h halide anions the 
use of other anions enabled a range of salts containing 
the methylmercury cation complexed with a variety of 
ligands, including triphenylphosphine, to be isolated. 
Reaction between arylmercuric halides and t e r t i a r y 
phosphines results i n rapid disproportionation : 

RHgX + PR̂  > R2Hg + (R^P)2HgX2 

and the r e l a t i v e l y f a s t reaction of [PhHgPEt^] NO^with 
sodium iodide i n which Ph,,Hg and ( E t ^ ) 2 H g I 2 are formed 
was followed photometrically. Comparative conductfcmetric 
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and gravimetric studies on the disproportionation 
reactions of several organomercuric halides with 
triphenylphosphine indicate the influence of solvent, 
temperature, anion, phosphine and the organic group 
attached to mercury, on the reaction. Analytical 
d i f f i c u l t i e s encountered i n the work are also discussed. 

Alcohols and t h i o l s react with dimethylcadmium 
i n equimolar proportions with l i b e r a t i o n of methane 
and formation of associated products, (MeCdOR) , 
(MeCdSR) . Those reactions with alcohols that were 

A 

studied yielded products which were tetrameric i n 
benzene solution, e.g. (MeCdOPr1)^, with the exception 
of t-butanol which gave a dimer, (MeCdOBu^^. 
Disproportionation occurs on heating the complexes and 
dimethylcadmium i s evolved. Thiols d i f f e r from 
alcohols i n the degree of association of the complexes 
and give polymers (MeCdSMe)x, (MeCdSPh)x, a tetramer, 
(MeCdSBu"')^, and a hexamer, (MeCdSPr1)^. Some t y p i c a l 
i n f r a - r e d absorptions for the Cd - Me group i n those 
compounds prepared are also reported. 
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COMPLEX SALTS DERIVED FROM 

ORGANOMERCURY COMPOUNDS AND 

THEIR DISPROPORTIONATION 



INTRODUCTION 



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

The work described i n t h i s thesis consists of studies on 
the organic derivatives of mercury and cadmium. The f i r s t 
section i s concerned with the preparation of complex salts 
derived from organomercuric halides and other anions by t h e i r 
reaction with ligands containing t e r t i a r y nitrogen, phosphorus, 
or arsenic e.g. [jRHgPR'^Jx. The factors influencing the 
disproportionation of the halide complexes have been studied and 
some comparative and q u a l i t a t i v e observations have been made on 
the rates of these reactions. I n the second section investiga­
tions of the co-ordination complexes formed by dimethylcadmium 
on reaction wi-th- compounds containing acidic- hydrogen-, such as 
alcohols and t h i o l s , are reported. 

This introduction begins w i t h a b r i e f description of the 
inorganic complexes of zinc, cadmium and mercury which i s followed 
by a discussion of the more important and relevant f i e l d s of 
organomercury chemistry. Preparative methods and physical 
properties are included as these are frequently informative as 
to the r e a c t i v i t y and nature of the organomercury compounds. 
For convenience i n the nomenclature of mercury compounds the 
oxidation state of the metal has been replaced by the suffixes 

(lO A'-K 1965 ) 
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-ous and - i c denoting oxidation states ( I ) and ( I I ) 
respectively. Methylmercury ( I I ) chloride i s thus w r i t t e n 
methylmercurie chloride. 

Zinc, cadmium and mercury. 

Neutral zinc, cadmium and mercury atoms have two s_ 
electrons outside f i l l e d d shells giving them the general 

10 2 

configuration, ( n - l ) d ns . As shown i n Table I the t h i r d 
i o n i z a t i o n potentials of these elements are extremely high 
which accounts f o r the absence of MJ since energies of 
solvation or l a t t i c e formation are not great enough to 
s t a b i l i z e the metals i n the oxidation state ( I I I ) . The 
usual oxidation state of the Group I I B metals i s ( I I ) , although 

2+ 

Hg(I) i s found i n many compounds as the mercurous ion, Hg 2 

The Hg(I) compounds are stable to disproportionation to Hg(II) 
and Hg(0) i n the absence of reagents which give Hg(II) 
derivatives more insoluble or more complexed than t h e i r Hg(I) 
analogues, e.g. 3 , OH , GN , amines and a l k y i sulphides. 
There i s no evidence to support the existence of Zn(I) or Cd(I) 
i n aqueous solution although Cd(I) does appear to be formed 

1 
i n melts. 
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TABLE I 

Some p r o p e r t i e s of zi n c , cadmium and mercury. 

! i ' . < 

Elements Outer e l e c t r o n i c 
c o n f i g u r a t i o n 

I o n i z a t i o n 
p o t e n t i a l s (e.v.) 

1st 2 n d 3 r d 

E°(v.) f o r 
M = M 2 + + 2 e 

. Zn 9 , 3 9 1 7 . 8 9 !+0,0 0 . 7 6 2 

Cd 8 . 9 9 16.8M- 3 8 . 0 Q.k02 

Hg 5 d 1 0 6 s 2 1 0 . *f3 1 8 . 6 5 3 ^ . 3 - 0 . 8 5 ^ 

S i m i l a r i t i e s between the elements of Group I I B are most 
apparent i n the p a i r , zinc and cadmium. Standard electrode 
p o t e n t i a l s , E°, f o r the r e a c t i o n M-*M 2 ++2e, show t h a t zinc and 
cadmium are r a t h e r e l e c t r o p o s i t i v e . , 0..7-62V. and 0 , l + 0 2 v . , 

r e s p e c t i v e l y compared t o mercury, - 0 . 8 5 ^ . , which i s e l e c t r o ­
negative and w i l l not replace hydrogen from non-oxidising acids. 

The f i r s t i o n i z a t i o n p o t e n t i a l , Table I , o f lO.^e.v. f o r 
mercury i s also considerably higher than those of zinc and 
cadmium and i s i n f a c t higher than any cation-forming element 
except hydrogen ( 1 3 « 5 3 e . v . ) . 

I n the c o - o r d i n a t i o n complexes of Group I I B metals the 

usual c o - o r d i n a t i o n number i s f o u r , due to sp^ h y b r i d i z a t i o n , 

and o c c a s i o n a l l y s i x , a t t r i b u t a b l e t o sp-'d • h y b r i d i z a t i o n or 

po s s i b l y t o the formation o f i o n - d i p o l e complexes. Mercury 
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again d i f f e r s from zinc and cadmium as i t forms many compounds 
which e x h i b i t l i n e a r c o - o r d i n a t i o n . This has been considered 
as i n d i c a t i n g sp_ h y b r i d i z a t i o n . An a l t e r n a t i v e i n t e r p r e t a t i o n 

p 
suggested by Orgel i s t h a t although a large energy d i f f e r e n c e 
between ns. and np_ o r b i t a l s would encourage sp_ h y b r i d i z a t i o n , 
the s - p separations i n the metal ions w i t h a d 1 0 core, Cu +, 

+ + 2+ 
Ag , Au , Hg which e x h i b i t l i n e a r c o - o r d i n a t i o n are not so 

2+ 2+ 
much greater than r e l a t e d ions Zn , Cd , t o represent the 
complete reason f o r such a great d i f f e r e n c e i n c o n f i g u r a t i o n . 
He proposes^ t h a t as the d - s energy separations f o r those 
ions which are known t o form l i n e a r compounds are small, t h i s 
i s a s i g n i f i c a n t f a c t o r i n the for m a t i o n of l i n e a r bonds. 

1 0 
^•ie d - s separations f o r the common d ions are shown i n 
Table I I . By promoting electrons from the nd t o the (n+1)s 
o r b i t a l s , h y b r i d i z a t i o n of the nd 2 and ( n + l ) s o r b i t a l s can be 
obtained. The r e s u l t of such h y b r i d i z a t i o n i s t o t r a n s f e r the 

TABLE I I 
Energies (e.v.) of lowest d^s states above 

the d ^ ground s t a t e . 

Cu + 7„2+ Ag + Cd 2 + Au + H g 2 + T 13+ 

d 9s 2.7 9.7 k.8 10.0 1.9 5-3 9.3 
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charge to the xy_ plane a l l o w i n g strong two-covalent bonding 
along the Z a x i s . The s t a b i l i t y of t h i s c o n f i g u r a t i o n i s 
thus dependant on a small d - s energy separation. Nyholm 

if 
has proposed t h a t the r e s i d u a l charge on the metal determines 
which i s the b e t t e r explanation o f two co - o r d i n a t i o n . I f the 
charge i s small then the l a r g e r s - p separation i s the 
determining f a c t o r g i v i n g SJD h y b r i d i z a t i o n , i f the charge i s 
appreciable the smaller d - s separation and Orgel's p i c t u r e 
i s more l i k e l y , 

Inorganic c o - o r d i n a t i o n complexes. 

Where there i s no p o s s i b i l i t y of p a r t i a l double bond 
formation i n v o l v i n g d o r b i t a l s , co-ordinate bonds are very 
dependant upon e l e c t r o n e g a t i v i t y e f f e c t s . I n the heavier 
metals, which have d o r b i t a l s a v a i l a b l e f o r back-coordination 
w i t h s u i t a b l e o r b i t a l s on the co - o r d i n a t i n g l i g a n d , the e f f e c t s 
of such i n t e r a c t i o n s become s i g n i f i c a n t f a c t o r s i n the strength 
of the r e s u l t i n g bond. As n i t r o g e n and oxygen cannot f u n c t i o n 
as e l e c t r o n acceptors, phosphorus and sulphur form stronger bonds 
w i t h the heavier metals i n low valency s t a t e s . This i s 
exemplified by the s t a b i l i z a t i o n of A u ( l ) by phosphines i n 
RAuPR^ but not by t e r t i a r y amines.^ Complexes are r e a d i l y formed 
by a l l of the ions Z n 2 + , Cd 2 + and Hg 2 +, but the tendency t o 
co-ordinate t o n i t r o g e n and oxygen diminishes markedly from zinc 
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t o mercury w h i l e the tendency t o co-ordinate t o phosphorus 
and sulphur containing donors increases i n the same se r i e s . 

Nitrogen c o n t a i n i n g ligands 
Zinc, cadmium, and mercury h a l i d e s a l l form complexes 

w i t h ammonia of the form (NH^^N^. S i m i l a r complexes are 
also formed w i t h organic amines, e.g. (PhNHg^ZnC^j 

(MeNH 2) 2CdCl2, ^ E t N H 2 ^ 2 H g C 1 2 * T h e z l n c > cadmium, and 
mercury bisaminodichlorides are not however i s o s t r u c t u r a i . 
The zinc compound i s of t e t r a h e d r a l s t r u c t u r e ^ ( i ) , the 

CI CI NH, NH, NH0 

Zn Cd^" Cd"! ^ C d ^ 

NH3" NH^ NH^ NH^ NH^ 

( i ) ( i i ) 

cadmium analogue forms an octahedral complex w i t h b r i d g i n g 
c h l o r i n e a t o m s ^ ( i i ) , w h i l e the mercury compound e x i s t s as 
di s c r e e t J^H^N-Hg-NH^J ̂ + u n i t s randomly arranged i n the c r y s t a l . 
Reaction of gaseous ammonia w i t h dry s a l t s of zinc, cadmium, 
and mercury other than h a l i d e s u s u a l l y y i e l d s tetrammines i n 
which there i s a t e t r a h e d r a l arrangement of ammonia molecules 
around the metal analogous t o the arrangement i n (NH-^^ZnC^. 

T e r p y r i d y l d e r i v a t i v e s of a l l three metal h a l i d e s are 
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1 2 
known and i t was suggested t h a t the metal was i n a t e t r a -
h edral environment as £terpyMxJ+. C r y s t a l s t r u c t u r e 

1 ̂  
determinations -J however have shown t h a t t e r p y r i d y l d i c h l o r o -
zinc (11) has a d i s t o r t e d bipyramid s t r u c t u r e ( i i i ) i n which 
the zinc i s f i v e co-ordinate and presumably i n a s t a t e of 
sp^d h y b r i d i z a t i o n . The cadmium complex i s isomorphous t o 

/ 
N 
\ CI. 

N 
CI 

Ciii) 

t h a t of zinc and i s assumed to have the same s t r u c t u r e . 
Although f i v e c o - o r d i n a t i o n i s not common the f i l l e d ^d 
s h e l l i n Zn(11) has s p h e r i c a l symmetry and i s t h e r e f o r e not 
e n e r g e t i c a l l y favourable t o any p a r t i c u l a r stereochemical 
arrangement. More r e c e n t l y other f i v e co-ordinate zinc 
complexes have been prepared. Bisacetylacetonatozinc (11) 
monobydrate and the ^--methylpyridine d e r i v a t i v e of (acac) 9Zn 
are other examples. I t i s i n t e r e s t i n g t h a t the bis U-methyl-
p y r i d i n e complex which i s octahedral d i s s o c i a t e s i n benzene 
s o l u t i o n l o o s i n g one molecule of 4--methylpyridine. The 

i 
methanol adduct of bisbenzoylacetonatozinc ( 1 1 ) , NN— 
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16 di s a l i c y l i d e n e - e t h y l e n e d i a m i n e z i n c (11 )monohydrate and 
b i s ( N - m e t h y l s a l i c y l a l d i m i n a t o ) z i n c ( 1 1 ) sl's'o' c o n t a i n 
f i v e - c o o r d i n a t e zinc. 

Octahedral c o - o r d i n a t i o n of zinc and cadmium i s obtained 
w i t h small ligands such as ammonia and methylamine. The 
hexammines are only weakly co-ordinated ' " as i s shown by 
the temperature at which the d i s s o c i a t i o n t e n s i o n of ammonia 
i s 1Ocm. 

MC12 MBr 2 MI 2 

ZnX2.6NH^ 23° 31° 28° 

CdX2.6NH3 2^° h5° 65° 

A d d i t i o n a l s t a b i l i t y o f the octahedral s t a t e i s obtained i n 
complexes formed w i t h c h e l a t i n g ligands and a l l three metals 
form stable complexes w i t h ethyleaediamine, e.g. (en)^HgX 2 . 

T e r t i a r y phosphines and arsines 
Zinc forms the l e a s t stable t e r t i a r y phosphine and 

a r s i n e complexes of the three metals, Complex formation 
does not appear to occur when the reagents are mixed i n 

21 
aqueous s o l u t i o n but r e a c t i o n i n a l c o h o l or acetone y i e l d s 
i n some cases the 2:1 a d d u c t , 2 2 ' 2 3 [ r ^ P C A S ) ] 2ZnX 2. The 
e f f e c t s of e l e c t r o n i c a l l y a c t i v e s u b s t i t u e n t s upon the 
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2? s t a b i l i t y of these complexes i s considerable. ~ Thus 

(p-Me2NC6H1+PMe2) Z n l 2 i s s t a b l e , (Ph. PMe 2) 2 Znlg- and 
( P h P S t 2 ) 2 Z n l 2 smell of phosphine and r e a d i l y d i s s o c i a t e , 
and (p^-CF^G^H1+PEt2)2 Z n l 2 could not be prepared. Free 
phosphine or a r s i n e i s l i b e r a t e d from a l l of the zinc 
complexes on r e a c t i o n w i t h 2 : 2 ' b i p y r i d y l and formation of 
the s p a r i n g l y soluble b i p y r i d y l complex, bipy ZnX 2, occurs. 

Stronger complexes are formed by cadmium than those of 
zinc. They can be d i v i d e d i n t o three types: 

a) [R 3P(As)J 2CdX 2 

b) [ R 3 P ( A s ) . C d X 2 ] 2 

c) [ R 3 P ( A s ) ] 3 [ c d X 2 ] 2 

Complexes of type (a) are monomeric and appear to be derived 
op 

from the stronger donors. They presumably have the simple 
a. 

t e t i j h e d r a l arrangement shown i n f i g . ( i v ) . 

IUP X S^B* .PEt, 
> \ / ^ \ .Br / ^ 

Gd Cd. ^ Cd 
/ \ / \ 

R̂ P X Et^P E r 

( i v ) ( v ) 

Type (b) complexes have been shown by c r y s t a l l o g r a p h i c 
studies to be dimeric i n the s o l i d s t a t e w i t h a t e t r a h e d r a l 
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trans-symmetric s t r u c t u r e , f i g . ( v ) . Molecular weight 
determinations i n benzene show t h a t the complexes are d i r a e r i c , c 

but measurements i n acetone i n d i c a t e a monomeric species 
p o s s i b l y due t o c o - o r d i n a t i o n by solvent as a s s o c i a t i o n t o the 

22 

dimer i s favoured by non-polar solvents. 
Although complexes of type ( c ) have been prepared, t h e i r 

s t r u c t u r e has not been i n v e s t i g a t e d . 
Mercury co-ordinates very s t r o n g l y w i t h phosphine and 

arsine donors capable of d^- d.„. bonding. The complexes 
are odourless and can be r e c r y s t a l l i s e d w i t h o u t decomposition. 

21 

Five classes of compounds are known: 

(a) [ f ^ P ( A s ) ] 2 H g X 2 

(b) [ R 3 P ( A s ) . H g X 2 ] 2 

( c ) [ R 3 P ( A s ) ] 2 [ H g X 2 } 3 

(d) [ R 3 P ( A s ) ] 2 [ H g X 2 ] l f 

(e) [ R 3 P ( A s ) ] 3 , [ H g X 2 ] 2 

Classes (a) and (b) have the same s t r u c t u r e as t h e i r cadmium 
analogues. C r y s t a l l o g r a p h i c observations have shown t h a t 
class ( c ) compounds occur i n more than one form. Only one 
compound, ( B u * A s ) 2 ( H g B r 2 ) 3 , has however been f u l l y analysed 
i n t h i s way. The r e s u l t s show t h a t i t i s a molecular complex 
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o f mercuric bromide and the bridged dimer s t r u c t u r e o f type (b), 
Compounds of class (d) have not been studied c r y s t a l l o -
g r a p h i c a l l y but they are probably an extended halogen bridged 
version of type (b) or a molecular complex of type (b) w i t h 
two molecules of mercuric bromide. Only the i o d o - d e r i v a t i v e s 
of class (e) have been i s o l a t e d and they are remarkable i n 
being stable to 2:2'- b i p y r i d y l . 

Complexes of cadmium and mercury of the types (R^P)pMX2 

and (R^P.MX 2) 2 d i f f e r i n t h e i r r e actions w i t h iodomethane. 
No r e a c t i o n was observed w i t h the cadmium compounds, whereas 

op ph. 

the mercury d e r i v a t i v e s r e a d i l y form phosphoniura s a l t s : ' 

( P h 3 P ) 2 H g I 2 + 2MeI (Pl-^PMe^Hgl^ 
( P h 3 P . H g I 2 ) 2 + 2MeI * 2(Ph^PMe)HgI 3 

Oxygen donors 
Towards oxygen ligands i n p a r t i c u l a r there i s a marked 

decrease i n a f f i n i t y from zinc t o mercury. Zinc forms many 
oxygen complexes, only a few are reported f o r cadmium and 
mercury e x h i b i t s a considerable reluctance to form bonds to 
oxygen. Thus zinc r e a d i l y forms oxyanions, the zincates, 
and s o l i d c o - o r d i n a t i o n complexes w i t h oxygen c o n t a i n i n g 
organic molecules 2^ e.g. 2Et 20.ZnBr 2,Et 20.ZnBr 2. S i m i l a r 
compounds of cadmium are rare although cadmium i o d i d e forms 
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an etherate w i t h c i n e o l , ( C ^ H ^ O ) 2 C d I 2 - The formation of 
2+ 

weak complexes between Hg and oxygen containing solvents 
have been observed by Raman spectroscopic s t u d i e s 2 ' 7 ' 2 ^ ' 2 9 

and s o l i d complexes of triphenylphosphine oxide w i t h mercuric 
h a l i d e s (Ph^PO)2HgX2, where X = C I , B r , I , are known.^° 
The complex formed from mercuric c h l o r i d e and t r i p h e n y l a r s i n e 
oxide, (Ph^AsO.HgCl 2) 2 i s of i n t e r e s t i n being a dimer which 

31a 
i s oxygen, r a t h e r than halogen, bridged. Other complexes 
of mercury(11) w i t h oxygen donors have r e c e n t l y been prepared 
and they are unusual i n the respect t h a t the metal i s s i x 
co-ordinate. White c r y s t a l s , (HgL^)(ClO^),,, are formed 
when L =p y r i d i n e N-oxide, dimethyl sulphoxide, t e t r a h y d r o -
thiophen oxide, and thioxan oxide.- 3 1 

Chelating ligands s t a b i l i z e the oxygen complexes and a l l 
32 

three metals fo-rm complex acetylacetonates. The anhydrous, 
compounds, M ( a c a c . ) 2 , are f o u r co-ordinate and t e t r a h e d r a l . 
The hydrates and other adducts have been described e a r l i e r i n 
connection w i t h the f i v e co-ordinate complexes they form w i t h 
zinc. '' J S i m i l a r l y the oxalate i o n i s s t r o n g l y enough 
co-or d i n a t i n g t o overcome the weakness of the rnercury-to-oxygen 
bond and t h i s i s confirmed by f r e e z i n g p o i n t measurements and 
lack of r e a c t i o n of oxalate and mercuric ions i n a s o l u t i o n 
o f the complex.^3 



Sulphur donors 
L i t t l e work on sulphur-donor complexes of Group I I B 

metals has been reported. Zinc h a l i d e s appear t o form 1 :1 

and 1:2 complexes, Me2S.ZnX2, 2thiourea.ZnCT 2
 J and an 

ethylenethiocarbamide ( e t u ) complex of cadmium, 
£cd(etu) 1 +J(N0 3) 2, i s described. Mercury co-ordinates much 
more s t r o n g l y t o sulphur than t o oxygen and the complexes 
reported by e a r l i e r workers 3-'' 3^ obtained from dimethyl sulphide 
and mercuric h a l i d e s i n 2:1 , 1:1 and 1:2 molar r a t i o s are 
probably s a l t s . C r y s t a l studies of the complexes derived 
from mercuric c h l o r i d e and d i e t h y l s u l p h i d e and t e t r a h y d r o -
thiophen r e s p e c t i v e l y i n d i c a t e t h a t the a f f i n i t y of mercury 
f o r sulphur i s so great t h a t sulphur ligands w i l l d i splace 
halogen forming covalent Hg-S bonds, and d i s c r e e t ^Cl-Hg-SEtJ* 
and £ci-Hg-SCifHg]+ and Gl~ u n i t s occur i n the c r y s t a l l i n e 
s t a t e s . 3 7 ' 3 8 

Halide complexes 
Abnormalities i n conductance values and transference 

numbers are observed i n aqueous s o l u t i o n s o f zin c , cadmium 
and mercury h a l i d e s other than the f l u o r i d e s which behave 
as normal e l e c t r o l y t e s . Zinc h a l i d e s act i n t h i s manner 

39 
only i n concentrated s o l u t i o n , cadmium hal i d e s show 
p e c u l i a r i t i e s at much lower concentrations and s o l u t i o n s of 

lfO-^-2 
mercuric h a l i d e s are abnormal regardless of d i l u t i o n . E.m.f. 
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and conductance studies J on so l u t i o n s of cadmium h a l i d e s 

S i m i l a r e q u i l i b r i a e x p l a i n the p e c u l i a r values obtained i n 
concentrated zinc h a l i d e s o l u t i o n s , but the very low conductance 
of mercuric h a l i d e s o l u t i o n s i s caused by the molecules 
remaining i n the covalent s t a t e . A s l i g h t d i s s o c i a t i o n (~"\%) 
does take place : HgX2v=^ HgX+ + X~ but concentrations o f 

2-
HgX^ and HgX^ are n e g l i g i b l e . A d d i t i o n of a l k a l i h a l i d e 
to a s o l u t i o n of metal h a l i d e increases the concentration of 
the MX^ species, the s t a b i l i t y o f which increases w i t h 
the i n c r e a s i n g size o f both c a t i o n and anion g i v i n g maximum 

e f f e c t o f CT~ ̂  Br" -< I ~ i s shown by the marked increase 
of pH r e q u i r e d t o p r e c i p i t a t e mercuric oxide as the halogen 

i n d i c a t e autocomplex f o r m a t i o n g i v i n g species CdX CdX Cd 
[Cdxj -, [Cdxj 2 -, (hydr a t i o n being omitted from these formulae) 

t a b i l i t y i n [ H g l J ^ The increasing s t a b i l i z a t i o n 

Table I I I shows the e q u i l i b r i u m constants i s changed. 
f o r the [ M X J complexes of zinc, cadmium and mercury 
The [ZnXk] complexes are the l e a s t s t a D l e but can be 

the s a l t s of lar g e cations. i s o l a t e d a; 



TABLE I I I 
Log e q u i l i b r i u m constants f o r some h a l i d e 

complexe s of z i n c , cadmium and mercury. 

M|q. + >+X MX^ 2 " • K = 
> 

[MX 2"] 
M|q. + >+X MX^ 2 " • K = 

> [Miq-JCXT 

Halide 
Log K 

Halide 
Zn Cd Kg 

CI" 0 3 16 

Br" -1 h 22 
T~ -2 6 30 

Org.anomercury compounds 
The study of organomercury compounds has been g r e a t l y 

f a c i l i t a t e d by t h e i r lack of r e a c t i v i t y t o a i r and water and 
a l a r g e number of compounds have been prepared out of an 
i n t e r e s t i n t h e i r t o x i c or pharmacological p r o p e r t i e s . The 
a b i l i t y of mercury t o replace hydrogen i n many organic 
compounds, e.g. ethane hexamer car bide, CgHg^C^COH^j from 
the prolonged a c t i o n of yellow mercuric oxide and b o i l i n g 
aqueous a l k a l i on ethanol, has l e d t o the d e s c r i p t i o n o f a 
considerable number and v a r i e t y of compounds i n the chemical 
l i t e r a t u r e . ^ Two classes of organomercury compounds are of 
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p a r t i c u l a r relevance t o t h i s work. 
i ) R2Hg compounds i n which mercury i s bound 

to two organic groups, 
i i ) RHgX compounds, where one organic group 

has been replaced by an el e c t r o n e g a t i v e 
r a d i c a l . 

D i a l k y l and d i a r y l m e r c u r i a l s , R^Hg. 
The most general method of pr e p a r a t i o n , s u i t a b l e f o r both 

d i a l k y l and d i a r y l m ercurials i s the r e a c t i o n of the 
appropriate Grignard or l i t h i u m reagent w i t h mercuric h a l i d e . 
A s l i g h t excess of the Grignard i s used, u s u a l l y i n 
d i e t h y l e t h e r or T.H.F. (t-etrahydrofuran) s o l u t i o n and the 
r e a c t i o n takes place i n two stages : 

i ) RMgX + HgCl 2 *> RHgCl + MgXCl 

i i ) RMgX + RHgCl * R2Hg + MgXCl 

The f i r s t stage i s considerably f a s t e r than the second but on 
r e f l u x i n g the s o l u t i o n f o r several hours good y i e l d s of 

1+6 
diorganomercury compounds can be obtained. 

The o n l y other method of general s y n t h e t i c value i s the 
r e a c t i o n of the r e q u i s i t e organic h a l i d e w i t h sodium amalgam : 

2PhBr + 2Na/Hg—»PhgHg + 2NaBr 
The organic h a l i d e i s d i l u t e d w i t h xylene and e t h y l acetate 



i s added as c a t a l y s t . A f t e r several hours r e f l u x the 
m e r c u r i a l i s formed i n about $0% y i e l d . ^ 

An i n t e r e s t i n g method of preparing dimethylmercury i n 
high y i e l d , 92^, i s by the e l e c t r o l y s i s of an aqueous s o l u t i o n 
of methylmercurie acetate containing p y r i d i n e . 

GH3-Hg+ + e" • CH3-Hg* • ̂ Hg + \ (CH^Hg 

The pre p a r a t i o n of higher homologues and some diarylmercury 
compounds by the e l e c t r o l y s i s o f the a l k y l - and aryl-mercuric 
c h l o r i d e s i n l i q u i d ammonia s o l u t i o n a t -78° has been c a r r i e d 
o u t . 1 + 9 Black s o l i d s , p o s s i b l y organic metals,^° a r e i n i t i a l l y 
deposited on the platinum electrodes but decomposition occurs 
at s l i g h t l y higher temperatures g i v i n g m e t a l l i c mercury and 
the respective diorganomercury compound as decomposition 
products. 

Organomercuric h a l i d e s and other s a l t s can be converted 
t o the diorganomercury d e r i v a t i v e s by the a c t i o n of reducing 
agents. Thus methylmercuric i o d i d e i s reduced by granulated 
z i n c ^ g i v i n g dimethylmercury and a l k y l and a r y l mercuric 

52 53 
hal i d e s are reduced by copper powder-' " J forming cuprous 
c h l o r i d e and the m e r c u r i a l . 

2RHgCl + 2Cu * R2Hg + 2CuCl 
Diphenylmercury can' also be obtained i n good y i e l d by s t i r r i n g 

5k-
phenylmercurie acetate w i t h a l k a l i n e sodium s t a n n i t e . 

2PhHgX + Na 2Sn0 2 + 2NaOH—•PhgHg + Hg + 2NaX + Na 2Sn0 3 
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D i s p r o p o r t i o n a t i o n of organomercuric s a l t s occurs on 
treatment w i t h anions which form very stable complexes w i t h 
mercury^' e.g. CN~, SCN~, I " . The e q u i l i b r i u m i s 
displaced so much i n favour of the anionic complex as t o make 
the r e a c t i o n a u s e f u l synthesis f o r diorganomercurials. 

2RHgX + *+KCN * R2Hg + 2KX + K^HgCCN)^ 

Mercury can also be removed from the system by forming 
a h i g h l y i n s o l u b l e d e r i v a t i v e . I n t h i s way dial k y l m e r c u r y 
compounds can be obtained by warming the corresponding sulphide. 

(RHg) 2S * R2Hg + HgS 
Mixed d i a l k y l s , d i a r y l s and a l k y l a r y l s o f mercury can 

be prepared from the respective Grignard reagent and 
organomercuric h a l i d e . ^ ^ ' ^ 

RHgX + R'MgX *> RHgR' + MgX2 

Mixed organic d e r i v a t i v e s of t h i s type are i n i t i a l l y q u i t e 
stable but tend, t o d i s p r o p o r t i o n a t e on standing, forming the 
symmetrical products. Rearrangement takes place r a p i d l y i n 
the presence of c a t a l y s t s such as halogen or organomercuric 
h a l i d e s . 

D i a l k y l m e r c u r i a l s are mostly c o l o u r l e s s v o l a t i l e monomeric 
l i q u i d s ^ 9 of h i g h d e n s i t y , e.g. Me2Hg, b.p.9-2°; Et 2Hg, B.p.159° 
n-Pr^Ig, b.p.189? i-Bu 2Hg, b.p.206°. 
Like a l l other organomercury compounds they are extremely t o x i c , 
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dimethylmercury being p a r t i c u l a r l y dangerous i n having a 
vapour pressure o f about 10cm. a t room temperature. A l l 
d i a l k y l m e r c u r i a l s except the dimethyl d e r i v a t i v e are t h e r m a l l y 
unstable a t room temperature and decompose slowly w i t h f o rmation 
of hydrocarbon and m e t a l l i c mercury. Dimethylmercury does 
decompose to ethane and mercury a t 300° °^ or at room 
temperature on exposure to mercury r a d i a t i o n ^ of 2537&. 

The d i a r y l s are u s u a l l y s o l i d s , PhgHg^.p. 125° ; 

di-m-tolylmercury, m.p.102 0;. bis-diphenylmercury, m.p . 2 l6° . 

They are more the r m a l l y stable than the d i a l k y l s and some can 
be sublimed under reduced pressure without decomposition. 
Decomposition does, however, occur on excessive heating and 
diphenylmercury slowly breaks up at 2 0 0 ° , Dibenzylmercury, 

62 

which i s one o f the l e a s t s t a b l e , begins t o decompose a t 
75° and decomposition i s complete by 1 6 0 ° . Many d i a r y l s are 
l i g h t - s e n s i t i v e and on exposure t o d i f f u s e l i g h t become 
discoloured, f o r example diphenylmercury t u r n s yellow. 

The d i p o l e moments"-3 of b i s a r y l m e r c u r i a l s are g e n e r a l l y 
small and consistent w i t h c o - l i n e a r C-Hg-C bonds; fihgHg, 
d.m.O.M+D. The moments of di-para s u b s t i t u t e d diphenyls 
measured i n d e c a l i n at 1^0° are somewhat higher; p - t o l y l , 0 . 7 ^ ; 

p-chlorophenyl, 1.15; p-bromo, 0 .92; p - f l u o r o , O.87D. 

Many s t r u c t u r e s assigned to d i a r y l m e r c u r i a l s have i n v o l v e d 
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bent C-Hg-rC bonds and i t has been claimed t h a t the apparent 
d i p o l e moments o f these compounds are due to the e f f e c t i v e 
n o n - l i n e a r i t y of the C-Hg-C bonds as measured d i s t o r t i o n 
p o l a r i z a t i o n s i n d i c a t e t h a t they do not e x h i b i t exalted atom 
p o l a r i z a t i o n s . A recent determination of the c r y s t a l 
s t r u c t u r e of d i - p - t o l y l m e r c u r y , y however, proves t h a t the 
C-Hg-C bond angle i s 180°. Association of the compounds i n 
which two mercury atoms are bound t o one benzene r i n g can allow 
the formation of a s t r u c t u r e i n which the C-Hg-C bond i s 
c o - l i n e a r . Accordingly o-phenylenemercury has been shown to 

66 
be hexameric and have the s t r u c t u r e depicted i n f i g . ( v i ) . 

tvi) 

Bis-organomercurials are chemically r a t h e r i n e r t . They 
are uneffected by a i r , water and d i l u t e acids making them 
unique i n Group I I and d i f f e r f u r t h e r i n not forming 
c o - o r d i n a t i o n complexes w i t h ethers and amines. 

D i a l k y l and d i a r y l mercury compounds react w i t h 
concentrated acids evolving hydrocarbon and g i v i n g the 
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corresponding organomercuric s a l t : 

E t 2 H S + H 0 A c I 6 2ggurs > EtHgOAc + 

D i l u t e s o l u t i o n s of hydrogen c h l o r i d e i n non-aqueous solvents 
r e a d i l y a t t a c k b i s m e r c u r i a l s : 

R-Hg-R + HC1 > RH + RHgCl 
The carbon-mercury bond i s r a p i d l y cleaved by halogen and the 
me r c u r i a l i s converted t o mercuric h a l i d e by an exothermic 
r e a c t i o n . 

R2Hg + X 2 * RHgX + RX 
RHgX + X 2 »HgX p + RX 

Metal h a l i d e s react w i t h dialkylmercury compounds and an 
a l k y l halogen exchange takes place. Only one a l k y l group i s 
t r a n s f e r r e d unless r e l a t i v e l y h i g h temperatures are used ; 

Me2Hg + SbCl^ * MeHgCl + MeSbCl 2 

This method i s p a r t i c u l a r l y a p p l i c a b l e to mercuric h a l i d e s 
and provides a r a p i d route f o r preparing organomercuric 
h a l i d e s i n hi g h y i e l d : 

R2Hg + HgX2 *-2RHgX 
A l k y l and a r y l exchange rea c t i o n s of bi s - m e r c u r i a l s w i t h 

other metals are of great s y n t h e t i c value. Many such re a c t i o n s 
were superseded as pre p a r a t i v e methods -with the discovery of 
Grignard reagents, but several of these r e a c t i o n s s t i l l provide 
a clean and r a p i d method of o b t a i n i n g other organometallic 
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compounds. D i a l k y l and d i a r y l exchange takes place w i t h the 
a l k a l i metals, a l k a l i n e earths, zinc, aluminium, g a l l i u m , t i n , 
lead, antimony, bismuth, selenium and t e l l u r i u m , but r e v e r s i b l e 
e q u i l i b r i a are obtained w i t h cadmium, indium and t h a l l i u m . 
The mechanism of such t r a n s f e r r e a c t i o n s has been the basis 
of several s t u d i e s . 6 7 ' 6 8 

Organomercurie s a l t s . 
Preparation of organomercuric ha l i d e s by the d i r e c t 

r e a c t i o n of a l k y l h a l i d e w i t h mercury, which i s so u s e f u l i n 
the cases of magnesium and zi n c , i s o f l i m i t e d a p p l i c a t i o n . 
This was the o r i g i n a l method of o b t a i n i n g organomercury 
compounds but only w i t h methyl, benzyl and some unsaturated 

69 

i o d i d e s , p a r t i c u l a r l y a l l y l , does i t give good y i e l d s . ' The 
best method o f preparing a l k y l - and arylmercuric h a l i d e s i s 
the cleavage of the b i s - m e r c u r i a l w i t h the resp e c t i v e mercuric 
h a l i d e . Arylmercuric h a l i d e s can be obtained by several 
methods not ap p l i c a b l e t o the a l k y l s . One of the most u s e f u l 

70 
i s from a diagonium compound on s t i r r i n g w i t h mercury 

ArN 2Cl + Hg * ArHgCl + I \ ' 2 

or by re d u c t i o n of mercuric c h l o r i d e : 
ArN2CT + HgCl 2 + 2Cu *ArHgCl + 2CuCl + N g 

Diazomethane reacts w i t h mercuric c h l o r i d e t o give 
71 

chloromethylmercurie c h l o r i d e : 
HgCl 2 + CH 2N 2 > ClCH 2HgCl + Ng 
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and the product w i l l r eact w i t h a f u r t h e r mole of diazomethane. 
ClCH 2HgCl + CH'2N2 > (ClCH 2) 2Hg + N 2 

S i m i l a r s u b s t i t u t e d a l k y l m e r c u r i c h a l i d e s are obtained from 
mercuric s a l t s and o l e f i n s and these compounds are discussed 
more f u l l y l a t e r i n t h i s i n t r o d u c t i o n . 

Treatment of the organomercuric h a l i d e w i t h s i l v e r oxide 
or a l c o h o l i c potash y i e l d s the corresponding hydroxide from 
which many s a l t s can be obtained by n e u t r a l i z a t i o n w i t h the 
appropriate a c i d . The p r o p e r t i e s of organomercuric s a l t s 
are very dependant upon the nature of the anion and those 
compounds which show a high degree of covalency, e.g. CT~, 
Br", I ~ , CN~ are c r y s t a l l i n e s o l i d s soluble i n organic 
solvents but not very soluble i n water. The p a r t i t i o n 
c o e f f i c i e n t s f o r methylmercuric h a l i d e s between toluene and 

+ 
water increase w i t h the increasing a f f i n i t y of the MeHg c a t i o n 
f o r the h a l i d e , Cl~,11; B r " , ^ ; I",300-500; corresponding 
also t o the incr e a s i n g covalent character o f the mercury-

72 + halogen bond. Alkylmercury c a t i o n s , RHg , are always 
cornplexed i n s o l u t i o n and show t y p i c a l B-cation character 
i n p r e f e r r i n g ligands derived from elements of low e l e c t r o ­
n e g a t i v i t y . I n a benzene s o l u t i o n of methylmercuric n i t r a t e 
the Raman spectrum observed i s t h a t due to Me-Hg-0-N02 only. 
In..: aqueous s o l u t i o n there i s competition f o r c o - o r d i n a t i o n 
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w i t h the MeHg+ c a t i o n between the solvent and the n i t r a t e 
group and the spectrum i s more complex. An e q u i l i b r i u m i s 
estab l i s h e d i n which [MeHg-0-N02], [MeHg-0H 2] + and [ n O ^ ] " ions 
can be observed. The a d d i t i o n of dimethylsulphide t o the 
e q u i l i b r i u m mixture i n equivalent molar p r o p o r t i o n s causes 
the complete displacement of oxygen donors and the correspond­
i n g exclusive formation of the ^MeH.gSMe2]+ complex.^ 

Anionic complexes of alkylmercury compounds are very weak. 
Evidence from anion exchange studies i n d i c a t e s the presence of 
anionic complexes of MeHg+ w i t h c h l o r i d e and thiocyanate groups, 
Ethylmercuric c h l o r i d e also shows absorption onto anion 

7^ 
exchange r e s i n s i n aqueous l i t h i u m c h l o r i d e s o l u t i o n . J 

The methylmercury c a t i o n forms polynuclear complexes more 
r e a d i l y than H + and a weak binuclear complex i s formed w i t h 
cyanide : 

MeHg+ + CN" ^ - MeHgCN log K 1 = 1*f 
MeHg+ + MeHgCN (MeHg) 2CN + l o g K ? = 0 

Stronger complexes are formed w i t h oxygen and sulphur and a 
tetramethylmercury sulphide, jCMeHg^s] 2* can be d e t e c t e d . ^ 

Methylmercuric hydroxide, obtained by the a c t i o n of s i l v e r 
oxide on a s o l u t i o n of methylmercuric h a l i d e f o l l o w e d by 
evaporation to dryness, has several d i f f e r e n t reported m e l t i n g 
p o i n t s . I t has a low equivalent conductance, 0.71 -ftT'cra.1 
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-1 2 
( c . f . methylmercurie n i t r a t e 101.0 IL cm. ) , showing i t t o 

75 
be a weak base and only s l i g h t l y i o n i z e d i n s o l u t i o n . y 

Subsequent attampts t o i s o l a t e the compound y i e l d e d only a 
mixture of methylmercuric oxide, (Mellg^O, m.p. 137.5°> and-

(MeHg)^OJ 0H~ , p ' 
Prolonged d r y i n g i n a vacuum desiccator converts the l a t t e r 
to methylmercuric oxide. Methylmercuric oxide acts as a 
hydroxide and can be n e u t r a l i s e d i n d i l u t e s o l u t i o n t o give 
methylmercuric s a l t s . N e u t r a l i z a t i o n of a concentrated aqueous 
s o l u t i o n causes the p r e c i p i t a t i o n of trismethylmercury oxonium 
s a l t s , e.g. [(MeHg)^o]NO^, m.p. 188°. T i t r a t i o n of a d i l u t e 
methanolic s o l u t i o n o f methylmercuric oxide w i t h n i t r i c a c i d 
gives i n f l e c t i o n s corresponding t o ̂ (MeHg)^O^NO^, 
[(MeHg) 20H]N0^ and MeHgNO^ r e s p e c t i v e l y . 7 6 The binuclear 
intermediate complex [(MeHg) 20Hj + i s much more stable than i t s 
proton complex analogue, H^ot 

Melig + + OH" ^=±-MeHgOH l o g K1 ~ 9.h 

MeHg+ + MeKgOH ^ (Me 2Hg) 20H H" l o g K 2 = 2.4-
H + + 0H~ S=^H„0 log K1 = 15.6 
K + + H20 5 = ± H 3 0 + l o g K 2 = -1.7 

The trismethylmercury oxonium s a l t s can be prepared by 
p a r t i a l n e u t r a l i z a t i o n of methylmercuric oxide. A l t e r n a t i v e l y 
a d d i t i o n of methylmercuric s a l t s can take place and t r i s m e t h y l ­
mercury oxonium bromide i s formed from methylmercuric bromide 
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and methylmercuric oxide i n b o i l i n g benzene. 
(MeHg)20 + MeHgBr » [(MeHg^ojBr m.p. 116° 

Aqueous s o l u t i o n s of oxonium s a l t s are stable i f the methyl-
mercuric s a l t i s water-soluble and i o n i c compounds, e.g. those 
c o n t a i n i n g the anions N0^~, ClO^", PF^" are t h e r e f o r e not 
decomposed. Where the methylmercuric s a l t i s i n s o l u b l e i n 
water, e.g. C l ~ , Br", I " , CK~, i t i s p r e c i p i t a t e d on a d d i t i o n 
o f the oxonium s a l t t o water. 

[(MeHg) 3ojBr w a t e r ^ (MeHg)20 + ^MeKgBr 
Polynuclear complexes are formed w i t h sulphur even more 

r e a d i l y than w i t h oxygen g i v i n g compounds w i t h s i m i l a r 
r e a c t i o n s to the oxygen complexes. Trisraethylmercury 
sulplionium s a l t s can be prepared i n an analogous manner t o the 
oxonium s a l t s . When methylmercuric sulphide i n warm benzene 
i s added to aqueous potassium dichromate an., immediate 
p r e c i p i t a t e o f trismethylmercury sulphonium dichromate i s 
produced. The s a l t i s soluble i n water but i n s o l u b l e i n 
organic solvents. Double decomposition w i t h lead n i t r a t e 
i n ethanol gives the sulphonium n i t r a t e which c r y s t a l l i s e s as 

77 
col o u r l e s s needles. ' 

The a s s o c i a t i o n constants f o r the r e a c t i o n 
MeHg+ + L X ~ MeHgL ( 1 " 

7? 7h 

have been measured f o r several ions and n e u t r a l ligands (L ). 
The order of a f f i n i t y f o r the MeHg+ c a t i o n of the more common 
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groups are as f o l l o w s ; RS~ > CN~ > OH" > I " >> ethylenediamlne 
>NH 3 > Br" > SCN" > CI" > p y r i d i n e > acetate > F". The 
B - character of the methylraercury c a t i o n i s demonstrated i n 
t h i s sequence and sulphides are shown to complex most s t r o n g l y . 

P e r f l u o r o - a l k y l and - a r y l mercurials 
P e r f l u o r o a l k y l m e r c u r i c i o d i d e s can be prepared from the 

corresponding p e r f l u o r o a l k y l i odides and mercury. 
Cadmium amalgam reduces the iodides t o the b i s p e r f l u o r o a l k y l -
m e r c u r i a l ;?8)79 

V + HS or eg?v. > RfH^ 1 amalgam > < R f >2HS 
The method i s not completely general as a mixture of 

decomposition products only was obtained i n an attempted 
31 

p r e p a r a t i o n of bisheptafluoro-n-propylmercury. 
P a r t i a l l y or f u l l y f l u o r i n a t e d o l e f i n s react w i t h HgF 2 

at 50 - 150°C t o give f l u o r o a l k y l - or p e r f l u o r o a l k y l - mercury 
d e r i v a t i v e s . *~ Bispentafluoroethylmercury, m.p. 9& - 98 , 
has been obtained from t e t r a f l u o r o e t h y l e n e i n good y i e l d by 
t h i s method : J 

2 CF 2 = CF 2 + HgF 2 > (C 2F 5) 2Hg 
B i s t r i f l u o r o m e t h y l m e r c u r y i s extremely soluble i n water 

81 
(U-73 gra./l., 1.3M) i n which i t i s weakly conducting. The 
general behaviour of (CF-^^g suggests t h a t the CF^ group 
f u n c t i o n s as a pseudo-halogen, intermediate i n e l e c t r o ­
n e g a t i v i t y between F and CI. The aqueous s o l u t i o n o f 
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(CF^) 2Hg however shows no i n d i c a t i o n o f the presence of 
Hg ions, u n l i k e HgClg which i s s l i g h t l y d i s s o c i a t e d i n 
s o l u t i o n . I t i s ge n e r a l l y considered t h a t the conductance of 
(CF^) 2Hg i s due to hyaro-lys-ic, without the displacement of a 
t r i f l u o r o m e t h y l group, and i o n i z a t i o n of the hydrate. 

(CF 3) 2Hg 5F=* (CF 3) 2HgOH 2 ^ = f t (GF 3) 2HgOH" + H 30 + 

E l e c t r o l y s i s of t h i s aqueous s o l u t i o n y i e l d s f l u o r o f o r m a t 
both anode and cathode. CF 3Hg + ions would give CF3H at the 
cathode and i t would also be formed together w i t h oxygen by 

Op 

the discharge of (CF 3) 2HgOH~ a t the anode. 
B i s t r i f l u o r o m e t h y l m e r c u r y forms a d d i t i o n compounds w i t h 

h a l i d e ions » analogous to mercuric h a l i d e s . Conducto-
me t r i c t i t r a t i o n s of aqueous (CF 3) 2Hg and CF-^Hgl w i t h KX 
i n d i c a t e d the formation of complexes corresponding to 
[Hg(CF 3) 2x]", (Hg(.CF 3) 2X 2] 2" and [Hg(GF 3)Ix]", [kg ( C F 3 ) i x j 2 " 
r e s p e c t i v e l y . The s t a b i l i t y of the complexes decreases from 
X = I t o X = CI. Complex anions [ c F ^ g l ^ 2 - , [ ( C F - ^ H g l J 2 " 
and [c^F^Hgl.^] 2" are p r e c i p i t a t e d from aqueous s o l u t i o n using 
s a l t s of ethylenediamine metal complexes e.g. Cu(en) 2 , 94* 9+ 9+ 
N i ( e n ) 3 , Cd(en)| and Z n ( e n ) 3 . Cryoscopic measurements 
on aqueous s o l u t i o n s of (CF 3) 2Hg and C l ~ , Br" and I " 
r e s p e c t i v e l y also i n d i c a t e the formation of l a b i l e 1:1 adducts 

Complexes of (R f) 2Hg w i t h n e u t r a l ligands (L) have been 
g 

shown t o e x i s t i n benzene s o l u t i o n by o s c i l l o m e t r i c t i t r a t i o n . 
The r e s u l t s i n d i c a t e d t h a t both (CF^^jfe.L and (CF 3) 2HgL 2 
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complexes are formed w i t h ligands such as p y r i d i n e , t r i p h e n y l -
phosphine, dimethyl sulphide and ethanol. Further t i t r a t i o n 
gave no i n d i c a t i o n of higher complexes. 

Pentafluorophenylraagnesium bromide re a c t s w i t h mercuric 
c h l o r i d e t o give bispentaf luorophenylmercury, 0"''' m.p. I ^ 0 . 
This compound i s o f h i g h thermal s t a b i l i t y , being unchanged 
a f t e r f i v e hours at 250°, and extremely r e s i s t a n t t o p r o t o n i c 
acids. I t can be r e c r y s t a l l i z e d w i t hout r e a c t i o n from con­
centrated sulphuric a c i d . Reaction w i t h halogen i s slow, 

(G 6F 5) 2Hg + B r 2 ? ggg > • C 6F 5HgBr 

but cleavage by mercuric bromide i s r a p i d i n methanol. 
(C 6F 5) 2Hg + HgBr 2 > 2C^F ̂HgBr 

Rearrangement of pure bispentafluorophenylmercury and dimethyl-
mercury was found t o be very slow but the a d d i t i o n of c a t a l y t i c 
amounts of pentafluorophenylmercurie bromide increased the r a t e 
considerably, i n d i c a t i n g t h a t the exchange r e a c t i o n 

(C 6F ?) 2Hg + Me2Hg s> 2C^F^HgMe 
i s r e a d i l y brought about but dependant upon h a l i d e i m p u r i t i e s 
as promoters. 

Bispentafluorophenylmercury forms a stab l e 1:1 complex 
w i t h 2,2' - b i p y r i d y l of m.p. 122-3°. S i m i l a r l y , bispenta-
f l u o r o p h e n y l ( b i s 1,2 diphenylphosphino-ethane) mercury, m.p. 
158-9° can be prepared. Analogous compounds could not be 
i s o l a t e d from pentafluorophenyl(phenyl)mercury or methyKpenta-
fluorophenyl)mercury r e s p e c t i v e l y w i t h e i t h e r l i g a n d . 
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O l e f i n A d d i t i o n Compounds 
A d d i t i o n of an o l e f i n t o a s o l u t i o n of a mercuric s a l t 

may r e s u l t i n the production o f various a d d i t i o n compounds 
depending upon the conditions of the r e a c t i o n . The mechanism 
of f o r m a t i o n , and the c o n f i g u r a t i o n and nature of these 
compounds as i n d i c a t e d by t h e i r r e a c t i o n s has aroused much 
i n t e r e s t since t h e i r o r i g i n a l p r e p a r a t i o n . 

When the co n d i t i o n s f o r the formation of a d d i t i o n products 
88 8^ 

of o l e f i n s w i t h basic mercuric s a l t s were f i r s t e l u c i d a t e d , J ' 
compounds o f the type HOCHgCHgHgCl and 0(CH 2CH 2HgCl) 2 were 
obtained and recognised as having been formed by a d d i t i o n of 
+HgCl and ~0H across the double bond of the o l e f i n . 
Experimental c o n d i t i o n s are o f extreme importance and the 
r e a c t i o n products formed i n aqueous s o l u t i o n were found t o be 
dependant upon the f o l l o w i n g f a c t o r s : 

i ) the s t r u c t u r e of the o l e f i n , 
i i ) the a c i d i t y of the s o l u t i o n , 

i i i ) the acid of the mercuric s a l t , 
i v ) temperature, 
v) the concentration of the s o l u t i o n . 

Much of the work p a r r i e d out on the pr e p a r a t i o n and r e a c t i o n s 
90 

of these compounds has been reviewed. During the preparation 
of the a d d i t i o n compound i t i s o f t e n proved necessary t o add 
a l k a l i i n order t o n e u t r a l i z e the a c i d as i t i s formed as the 
products are unstable i n a c i d s o l u t i o n and r e a d i l y l i b e r a t e the 
o r i g i n a l o l e f i n . Care must be taken i n such n e u t r a l i z a t i o n as 
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the a d d i t i o n compounds are not formed i n a l k a l i n e s o l u t i o n : 

C 2H^+ Hg(N0 3) 2 + NaOH > C 2H 2Hg(OH)N0 3 + NaNO^ 

Se v e r a l r e a c t i o n s i n d i c a t e that these compounds can be 

c l a s s i f i e d as e i t h e r : 

i ) simple a d d i t i o n compounds, HOCHgCHgHgCl, CH^OCH^CI^HgBr, 

i i ) ether compounds, OCCH^CH^gCl),}, 

i i i ) r i n g compounds, H 2C CH 2 

(CHs) 2C CHCH2HgI V 
The o l e f i n i s regenerated on a c i d i f i c a t i o n , i n some cas e s i n 

very mild c o n d i t i o n s , of the complex : 

HOCgH^HgCl + HC1(5#) * CgH^ + H g C l 2 + HgO 

Decomposition w i t h l i b e r a t i o n of o l e f i n a l s o occurs on 

t r e a t i n g the organomercuric h a l i d e with aqueous a l k a l i 

cyanide or thiocyanate : 

HDCgH^HgBr + *+KCN * + KgHgCCN)^ + KOH + KBr 

Iodine, e i t h e r i n aqueou&: K I s o l u t i o n or organic solvent, 

r e a c t s as i f the o l e f i n ^ complex were simply a s u b s t i t u t e d 

a l k y l m e r c u r i c iodide g i v i n g the corresponding iodo-alcohol 
91 

and mercuric iodide i n almost q u a n t i t a t i v e y i e l d : 7 

H0CH2CH2HgI + I 2 > H0CH 2CH 2I + H g l 2 

Reduction w i t h sodium amalgam a l s o proceeds as would be 

expected f o r the alkylmercury h a l i d e : 

H0CH2CH2HgI + 2H => CH3CH20H + Hg + HI 

Examination of the proton magnetic resonance s p e c t r a of 
2 - methoxyethylmercurie a c e t a t e , MeOCH2CH2HgOAc, and 
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2-hydroxyethylmercuric hydroxide, HOCHgCHgHgOH, confirmed the 
s t r u c t u r e of the normal cr -bonded compounds r a t h e r than 
TT-complexes. The spectrum of the methylene group adjacent 
to mercury can r e a d i l y be d i s t i n g u i s h e d from t h a t of the 

op 
methylene group adjacent t o methoxy or hydroxy groups. 
Several mechanisms f o r the formation of o l e f i n a d d i t i o n 

90 9^ 
compounds have been pos t u l a t e d . '< J More r e c e n t l y k i n e t i c 
studies of deoxymercuration reactions have i n d i c a t e d the 

94-
mechanism shown below. 

, Hgl Hgl 
I I , f a s t 1 I 

— C — C — + Ho0 * —C C — + Ho0 (1) 
OCĤ  HOCĤ  

Hgl Hgl 
I | , / \ 

— C — C slow - c ' « « s ^ — + CH.OH (2) 
I I HOCH. + -3 

+ 
Hgl Hgl Hg + 

— C = ^ X C — + — G G— • L a a ^ C = C + H g l 0 + -C C— (3) 
' ( | | > / \ | I 

OCH^ OCĤ  

Equation (2) i s the r a t e determining step and equation (3) 
comprises a series of f a s t steps. The presence of a proton i n 
the t r a n s i t i o n s tate i s i m p l i e d by the observed f i r s t - o r d e r 
dependance on the r a t e on p e r c h l o r i c a c i d concentration. 
Although the e l e c t r o n d i s t r i b u t i o n i n the t r a n s i t i o n s t a t e 
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cannot be st a t e d w i t h c e r t a i n t y i t can probably be represented 
by a resonance h y b r i d i n v o l v i n g the protanated s t a r t i n g s t a t e , 
the o l e f i n - mercuric iodide complex and the carbonium i o n , 

r E&1 i 
i ' - c — 

Acetylene compounds of mercury 
a* 

The a c i d h y d r o l y s i s o f acetylene t o acetaldehyde, >whichwas 
once of i n d u s t r i a l importance, was f i r s t observed i n 1881. I n 
the presence of mercuric s a l t s , acetylene and methylacetylene 
form acetaldehyde and acetone r e s p e c t i v e l y on h y d r o l y s i s and 
i t i s conceivable t h a t these r e a c t i o n s could w e l l i n v o l v e an 
organomercury intermediate. I f acetylene i s passed i n t o an 
aqueous s o l u t i o n of mercuric c h l o r i d e s t r o n g l y a c i d i f i e d w i t h 
h y d r o c h l o r i c a c i d , h y d r o l y s i s does not take place but an 
a d d i t i o n r e a c t i o n occurs s i m i l a r t o t h a t observed between 

96 

o l e f i n s and mercuric s a l t s . 
C 2H 2 + a c i d i c HgClg > ClCH=CHHgCl 

On bubbling dry ammonia through a s o l u t i o n of 2 - c h l o r o v i n y l -
mercuric c h l o r i d e i n chloroform bisffiaminodichlor outer cury, 
(NH^) 2HgGl 2, slowly p r e c i p i t a t e s w i t h the corresponding 
formation o f the soluble b i s ( 2-chlorovinyl)mercury. 

2 (ClCM:CH)HgCl + 2 NH^ > (NH^gHgClg + (C1CH: CH)2Hg 
Vfhen a s o l u t i o n of bis(2-chlorovinyl)nercury i s heated acetylene 
i s evolved and 2 - c h l o r o v i n y l m e r c u r i c c h l o r i d e reformed. The 
c h l o r o v i n y l m e r c u r i c c h l o r i d e , m.p. ^2h0

1 obtained from the 
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r e a c t i o n of acetylene and mercuric c h l o r i d e i n hyd r o c h l o r i c 
a c i d s o l u t i o n i s a pure trans isomer and the c o n f i g u r a t i o n i s 
r e t a i n e d on d i s p r o p o r t i o n a t i o n t o bis ( 2 -chloroviny^mercury 
m.p. 70°. The c i s - c h l o r o v i n y l m e r c u r i c c h l o r i d e , m.p. 79°? 
can be obtained by mixing acetylene and mercuric c h l o r i d e 
vapour at 120° and d i s p r o p o r t i o n a t i o n w i t h ammonia gives a 

an 

pure l i q u i d stereoisomer of the b i s m e r c u r i a l . The s o l i d 
bis ( 2-chloroviny])mercury i s r e a d i l y converted t o the l i q u i d 
isomer by u l t r a v i o l e t i r r a d i a t i o n but chemical r e a c t i o n s 

98 
do not cause i s o m e r i s a t i o n . ' 2-Ghlorovinylmercuric s a l t s 
can be prepared from the c h l o r i d e i n aqueous s o l u t i o n by 
treatment w i t h s i l v e r oxide f o l l o w e d by r e a c t i o n w i t h the 
appropriate a c i d . 

CICH;CHHgCl ' A g Q H ' ̂  CTCH:CHHgOH M ^ C1CH:CHHgX 
The corresponding i o d i d e can be prepared from the c h l o r i d e by 
r e a c t i o n of one molar equivalent o f sodium i o d i d e i n absolute 
a l c o h o l : 

CICH: CHHgCl + Nal > ClCH:CHHgI + NaCl 
but i f an excess of sodium i o d i d e i s used acetylene i s 
ext e n s i v e l y evolved. 

Reagents which cause d i s p r o p o r t i o n a t i o n i n a l k y l - and 
a r y l - mercuric s a l t s such as sodium i o d i d e , potassium cyanide 
and triphenylphosphine react i n a s i m i l a r manner w i t h the 

99 
organomercuric h a l i d e s derived from acetylene. ' 
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C1CH: CHHgCl + »+KI 
C1CH: CHHgCl + feCN 

^ C 2H 2 + K ^ g l ^ + 2KC1 
^ C 2H 2 + K^HgCCN)^ + 2KC1 
^ C 2H 2 + N a 2 [ H g ( S 2 0 3 ) 2 ] +-2NaCl 
^ C 2H 2 + ( P P h 3 ) 2 HgCl 2 

C1CH:CHHgCl + 2Na 2S 20 
C1CH:CHHgCl + 2 PPfcu 

I n the above cases acetylene i s evolved and the mercury i s 
bound as the stable anionic or n e u t r a l complex. P y r i d i n e 
hov/ever forms a complex s a l t d i f f e r i n g i n t h i s respect from 
ammonia which causes d i s p r o p o r t i o n a t i o n . 

Mercuric s a l t s do not always add across the carbon-carbon 
a c e t y l e n i c linkage and many compounds have been prepared by ?. 
passing various acetylenes i n t o s o l u t i o n s of mercuric s a l t s . 
B r i g h t l y coloured s o l i d s can be obtained such as the yellow 
product from the a d d i t i o n o f phenylacetylene to mercuric 

1 01 

p e r c h l o r a t e s o l u t i o n . These compounds are of unknown 
s t r u c t u r e and c o n s t i t u t i o n . Mercuric oxide reacts w i t h 
acetylenes t o give c r y s t a l l i n e compounds corresponding t o the 
formula R-C's C-Hg-C: C-R. Reactions of acetylenes w i t h 
organomercuric s a l t s i n a l k a l i n e s o l u t i o n also y i e l d s i m i l a r 
compounds which are hydrolysed to aldehydes by atmospheric 

102 

moisture when R i s an a l k y l group. 
A l k y l - and arylmercuric a c e t y l i d e s , RHgCiCR1, and mercuric 

a c e t y l i d e s , (RC:C)2Hg,are reported i n the l i t e r a t u r e . 
Ethyl(phenylethynyl)mercury r e s u l t s i n good y i e l d from 
ethylmercuric c h l o r i d e and sodium phenylacetylide on r e f l u x i n g 
i n e t h e r . 1 ° 3 

C1CH;CHHgCl + py J c i m,p. 76°(dec.) [CICH: CHH er>v 
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EtHgCl + NaC:CPh 8 h o u r s ^ NaCl + EtHgCiCPh i?0%) 
Phenylraercuric a c e t y l i d e s can "be prepared i n a s i m i l a r manner.^ 

PhHgCl + KC:CR' > KC1 + PhHgCiCR' 
Acetylenic Grignard reagents also react w i t h a l k y l m e r c u r i c 
h a l i d e s to give a l k y l m e r c u r i c a c e t y l i d e s . 

MeHgX + CHiCMgBr > MgXBr + MeHgCiCH 
Methylethynylmercury and ethylethynylraercury are s o l i d s w h i l e 
higher homologues are l i q u i d s of low v o l a t i l i t y . ' 1 0 ^ The 
reactions of acetylenes w i t h mercuric, h a l i d e s r e s u l t i n the 
replacement of both h a l i d e atoms by a c e t y l e n i c groups w i t h 
formation o f b i s ( a l k y n y l ) m e r c u r y compounds.^°^ 

B&C: GH + H g l 2 ^ (BuC:C)2Hg 
The above compound i s also somewhat s u r p r i s i n g l y formed from 
the stable tetraiodomercury anion. 

RCiCH + KpHgl^ ^ (RC?G)2Hg 
I n a s i m i l a r manner to other bisorgahomercurials the b i s 
a l k y p y l and aryl^ynyl d e r i v a t i v e s are r e a d i l y cleaved by 
mercuric c h l o r i d e to give the corresponding organomercuric 
c h l o r i d e . 

(PhC!C)2Hg + HgCl p > 2PhC!CHgCl m.p. 320° (dec.) 

D i s p r o p o r t i o n a t i o n of organomercury compounds 
Cleavage r e a c t i o n s of the type 

R2Hg + HgX2 => 2RHgX 
are r a p i d and the organomercuric h a l i d e i s r e a d i l y formed. 
Under c e r t a i n c o n d i t i o n s however t h i s r e a c t i o n can be reversed 
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and a l k y l and a r y l mercuric h a l i d e s converted to the 
corresponding b i s m e r c u r i a l . The r e a c t i o n i s an e q u i l i b r i u m 
and i s displaced t o give the di-organomercury compound by 
lig a n d s , such as cyanide, i o d i d e , ammonia and triphenylphosphine, 
which can complex w i t h the mercuric h a l i d e . Ammonia and t r i ­
phenylphosphine cause p r e c i p i t a t i o n o f the mercuric h a l i d e 

complex, thus removing i t from the r e a c t i o n , whereas cyanide 
2- 2-

and i o d i d e form anionic complexes, HgCCN)^ , Hgl^ , w i t h very 
large s t a b i l i t y constants. Since the f o r m a t i o n of bis a r y l -
raercurials from arylmercuric c h l o r i d e s and sodium i o d i d e was 
f i r s t observed many such d i s p r o p o r t i o n a t i o n s have been reported 
and a d e t a i l e d study of the e f f e c t of inorganic iodides on 
the r e a c t i o n 

Ar 2Hg + HgX 2^=±2ArHgX 
has been made.-^ When arylmercuric i o d i d e s are r e f l u x e d w i t h 
excess a l c o h o l i c sodium i o d i d e d i a r y l m e r c u r i a l s are u s u a l l y 
formed according t o the equation : 

2ArHgI + 2NaI N Na 2HgI l f + Ar 2Hg 
When the organic group i s o-, m-, or p_4 t o l y l , m- x y l y l , 
m e s i t y l , c * - o r ^ - n a p h t h y l , the organomercurie i o d i d e gives 
s o l e l y the b i s organomercury compound on r e f l u x i n g w i t h 
sodium i o d i d e . Para-ethylphenylmercurie i o d i d e gives a 
mixture o f s t a r t i n g m a t e r i a l and d i s p r o p o r t i o n a t i o n products 
and phenylmercurie i o d i d e can be recovered unchanged. 
S o l u b i l i t y considerations show t h a t i n the above compounds 
there i s never more than a 5 f o l d d i f f e r e n c e i n s o l u b i l i t y 
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between the organomercuric i o d i d e and the m e r c u r i a l except i n 
the case of the phenyl d e r i v a t i v e where the m e r c u r i a l i s 
hO times more soluble than phenylmercuric i o d i d e . I n t h i s 
p a r t i c u l a r case the unfavourable s o l u b i l i t y e f f e c t cannot be 
overcome by complex formation. Usually the percentage of 
bisorganomercury compound formed i n the r e a c t i o n increases 
w i t h increasing molar r a t i o of sodium iodide t o organomercuric 
i o d i d e but even w i t h a molar r a t i o of sodium iod i d e to 
phenylmercuric i o d i d e of 16:1 no diphenylmercury could be 
i s o l a t e d from the r e a c t i o n mixture. This i s consistent w i t h 
a subsequent observation of an increase i n conductance of a 
d i l u t e qqueous dioxan s o l u t i o n of phenylmercuric c h l o r i d e on 
a d d i t i o n of triphenylphosphine, i n d i c a t i v e of a 1:1 s a l t . 
Attempts to i s o l a t e the complex s a l t l e d to the recovery of 
phenylmercuric c h l o r i d e only and no t r a c e of complex s a l t or 
d i s p r o p o r t i o n a t i o n products were detected. On the other 

hand p_-tolylmercurie i o d i d e which i s 5 times more soluble than 
di-p_-tolylmercury y i e l d s only the d i s p r o p o r t i o n a t i o n products 
on treatment w i t h sodium i o d i d e . 

The p r e f e r e n t i a l formation and p r e c i p i t a t i o n of d i -
organomercury compounds on cooling the r e a c t i o n mixture does 
not r e f l e c t the p o s i t i o n of e q u i l i b r i u m of the r e a c t i o n as 
hot s o l u t i o n s of the reactants poured onto ice-water consist 
almost e n t i r e l y of organomercuric i o d i d e . For example on 
c o o l i n g the r e a c t i o n of p_-cymylmercuric i o d i d e w i t h excess 
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sodium i o d i d e o n l y di-p_-cymylmercury was obtained. 
2 C 1 QH 1 3HgI + 2 Nal 5 = ^ N a ^ g l ^ + ( C 1 0 H 1 3 ) 2 H g 

However on quenching the hot e q u i l i b r i u m mixture by pouring i t 
onto ice-water only 1$ of the d i s p r o p o r t i o n a t i o n product was 
found, the product obtained was almost completely ]D-cymylmercuric 
i o d i d e . 

Iodides are not the only reagents t o b r i n g about 
d i s p r o p o r t i o n a t i o n . A l k a l i cyanides rea c t i n a s i m i l a r 
manner. Strong potassium cyanide s o l u t i o n reacts r a p i d l y w i t h 

107 
a l l y l m e r c u r i c i o d i d e forming d i a l l y l m e r c u r y . ' 
2CH2:CHCH2HgI + 2ICCN — > (CH 2: CHCH^Hg + ^ H g l ^ + ^HgCCN)^ 
Small amounts of d i a l l y l m e r c u r y can be obtained w i t h aqueous or 
a l c o h o l i c potassium i o d i d e but potassium cyanide i s the o n l y 
reagent t o react i n the cold. 

Equivalent q u a n t i t i e s o f a l k a l i cyanides convert a r y l -
-mercuric h a l i d e s t o arylmercuric cyanides but an excess o f 
a l k a l i cyanide causes d i s p r o p o r t i o n a t i o n o f the organomercury 
compound. The y i e l d s of di-organomercurials obtained i n t h i s 
way are g e n e r a l l y lower than those obtained on r e a c t i o n w i t h 
sodium i o d i d e . Sodium alkoxides and a l c o h o l i c potassium 
hydroxide also cause d i s p r o p o r t i o n a t i o n but again y i e l d s of 
the m e r c u r i a l are even, lower than w i t h potassium cyanide. 

I n contrast t o the r e a c t i o n of sodium iodide and phenyl­
mercuric i o d i d e , from which only s t a r t i n g m a t e r i a l can be 
recovered, are the r e a c t i o n s shown below : 

al c o h o l PliHgCN + 2KCN a" L C O n o- L •» PhpHg (38$C) 
r e f l u x 1 n r . 
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* * * * + "»»> reflSx 3 hours* **** ( 3 W 

A l t e r a t i o n o f the adverse s o l u b i l i t y r e l a t i o n s h i p or the 
p o s i t i o n o f e q u i l i b r i u m enables the i s o l a t i o n of diphenylmercury. 

The r e a c t i o n s of b i s ( p e r c h l o r o v i n y l ) m e r c u r y and perchloro-
v i n y l m e r c u r i c h a l i d e s are of i n t e r e s t as the l a t t e r '±'S< unstable 

1 nR 

and r e a d i l y disproportionates. I n general, the greater the 
d i f f e r e n c e i n e l e c t r o n e g a t i v i t y between the two d i f f e r e n t 
s u b s t i t u e n t s i n an unsymmetrical organomercury compound, the 
more stable i s t h a t compound towards d i s p r o p o r t i o n a t i o n . I n 
the cases of the perchloro- and p e r f l u o r o - v i n y l m e r c u r i c h a l i d e s 
the unsymmetrical groups are of s i m i l a r e l e c t r o n e g a t i v i t y . 
The r e a c t i o n of b i s ( p e r c h l o r o v i n y l ) m e r c u r y and bromine i n 1:1 

r a t i o does not y i e l d the organomercuric bromide as might be 
expected but the a c t u a l products i s o l a t e d are mercuric bromide 
and h a l f of the s t a r t i n g m a t e r i a l . This i s presumably due t o 
d i s p r o p o r t i o n a t i o n of p e r c h l o r o v i n y l m e r c u r i c bromide which can 
however be i s o l a t e d from the r e a c t i o n between the b i s - m e r c u r i a l 
and hydrogen bromide : 

(CCl p:CGl) 2Hg + HBr > (CC1 2:CCl)HgBr 
The corresponding c h l o r i d e i s more stable but the i o d i d e cannot 
be i s o l a t e d . A d d i t i o n o f sodium i o d i d e to the c h l o r i d e 
causes d i s p r o p o r t i o n a t i o n : 

2(CCl 2:CCl)HgCl + 2NaI > H g l 2 + (CC1 2:CCl) 2Hg + 
2NaCl 

Potassium thiocyanate reacts i n a s i m i l a r manner t o sodium 

i o d i d e and presumably any anion which gives an unstable 
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intermediate such as (CC1 2:CCl)HgI or (CC12:CCl)Hg3CN w i l l 
cause d i s p r o p o r t i o n a t i o n . S i m i l a r d i s p r o p o r t i o n a t i o n reactions 
o f arylmercuric compounds described p r e v i o u s l y r e q u i r e d an 
excess of potassium i o d i d e or other r e a c t i v e anion but i n the 
p e r c h l o r o v i n y l and p e r f l u o r o v i n y l cases equimolar q u a n t i t i e s 
only are r e q u i r e d . 

N e u t r a l ligands also bring about d i s p r o p o r t i o n a t i o n and 
the use of ammonia i n t h i s way i n the p r e p a r a t i o n of 

97 
b i s ( 2 - c h l o r o v i n y l ) m e r c u r y 7 ' has already been mentioned. 
T e r t i a r y phosphines act i n a s i m i l a r manner w i t h many organo-

109 110 
mercuric s a l t s , 7' and the r e a c t i o n has been u t i l i z e d as a 

108 
prep a r a t i v e method i n such cases as bi s ( p e r c h l o r o v i n y l ) m e r c u r y 
and bis-carbomethoxymercury. The former i s prepared i n good 
y i e l d on a d d i t i o n of triphenylphosphine t o p e r c h l o r o v i n y l -
mercuric c h l o r i d e : 
2CCl 2:CClHgCl + 2PPh3 > (Ph 3P) 2HgCl 2 + (CC12:CCl)2Hg 
The l a t t e r can be obtained from carbomethoxymercuric c h l o r i d e 

11*> 
and triphenylphosphine. J 

2ClHgC00Me + 2PPh3 » (Ph 3P) 2HgCl 2 + Hg(C00Me) 2 

The carbomethoxymercuric c h l o r i d e i s formed' from mercuric 
acetate according t o the reactions.: 

Hg(00CMe) 2 + MeOH + CO » MeOOCHgOOCMe + MeCOOH 
MeOOCHgOOCMe + NaCl > NaOOCMe + MeOOCHgCl 

and the d i s p r o p o r t i o n a t i o n r e a c t i o n w i t h triphenylphosphine i s 
thus a u s e f u l method of ob t a i n i n g the b i s - m e r c u r i a l . 

An extensive k i n e t i c study of the d i s p r o p o r t i o n a t i o n of 
esters of cx -broraomercuriphenylacetic a c i d on r e a c t i o n w i t h 
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ammonia has been c a r r i e d out by Reutov and co-workers. ' 
n 

I n s o l u b l e bisam^Lno-dibromomercury i s p r e c i p i t a t e d from c h l o r o -
2Ph - CH - HgBr + 2NH3 — > (Ph - CH) 2 Hg + (NH^^HgBr,-, 

COOR COOR 
form s o l u t i o n as the d i s p r o p o r t i o n a t i o n proceeds according t o 
the equation shown. The k i n e t i c r e s u l t s show t h a t the r e a c t i o n 
i s of second order w i t h respect t o both the organomercuric 111 112 s a l t and ammonia. I t was f u r t h e r found t h a t the i n d u c t i v e 
e f f e c t of a su b s t i t u e n t X (X = CI, Br, H, Me) on esters o f 
the type 2.-SSgHi+CH(HgBr)C00Et had a very pronounced e f f e c t on 
the r a t e of d i s p r o p o r t i o n a t i o n which decreased on changing 
from c h l o r i d e to methyl s u b s t i t u e n t s , C l > B r > H ^ M e . D 

I n the case of p_-MeC^Hj+CH(HgBr)C00Et the r e a c t i o n p r a c t i c a l l y 
d i d not take place. S t e r i c f a c t o r s also had a pronounced 
i n f l u e n c e on the r a t e of d i s p r o p o r t i o n a t i o n of PhCH(HgBr)COOR 

l i b . 

(where R = Me, Et , 1-Pr, t-Bu, n-nonyl and f - m e n t h y l ) . 
The magnitude of the e f f e c t upon the r a t e was found to be i n 
the order Me^Et ̂ i P r > n-nonyl > I-menthyl "5^t-Bu . 
A c r i t i c a l examination of the r e s u l t s of Reutov 1s dispropor-

11^ 
t i o n a t l o n studies has been, made by Jenson and Rickborn. 
They c r i t i c i z e the mechanism po s t u l a t e d by Reutoy : 

k 1 
2 RHgBr N R0Hg + HgBr 0 

N k _ 1 ^ 
k 2 « HgBr 2 + 2NH3 — - — j C N H ^ H g B r g 

as being i n c o n s i s t e n t w i t h the observed k i n e t i c s . They propose 
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two possible mechanisms, both of which f i t the reported 
k i n e t i c s , and both i n v o l v e the formation o f a complex between 
ammonia and the organomercuric bromide. F i r s t l y the formation 
of a 1:1 complex which d i s p r o p o r t i o n a t e s according to a 
biraolecular r e a c t i o n : 

RHgBr + NH^ * RHg' V W H 3 
Br 

2RHgBr(NH3) s l o w
> R2Hg + HgBr 2(NH" 3) 2 

Or a l t e r n a t i v e l y a 2:1 complex i s formed which f u r t h e r reacts 
w i t h one molecule of al k y l m e r c u r i c bromide to give the 
d i s p r o p o r t i o n a t i c n products : 

RHgBr + 2NH-, v R — Hg -~ Br 
1 
NH 3 

NHo 
R - H g — B r + RHgBr slow > R2Hg + (HH^HgBrg 

Without d e t a i l e d k i n e t i c evidence i t i s impossible t o assign 
a mechanism and Jenson and Rickborn conclude t h a t a 
r e i n v e s t i g a t i o n o f the k i n e t i c s i s necessary. 



EXPERIMENTAL 
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E X P E R I M E N T A L 

Preparation of s t a r t i n g m a t e r i a l s 

Dimethylmercury 
Dimethylmercury was prepared by the r e a c t i o n of methyl-

magnesium bromide and mercuric c h l o r i d e according t o the method 
described by Gilman. The Grignard reagent (a s l i g h t excess 
over 2 moles) i n dry ether (1 1.) was prepared from bromo-
methane and magnesium, using a sold carbon dioxide condenser 
to prevent loss of a l k y l h a l i d e , i n a n i t r o g e n atmosphere. 
Excess magnesium was removed by f i l t e r i n g the r e s u l t i n g 
s o l u t i o n through a glass-wool plug against a counter current 
of n i t r o g e n i n t o a 3 - l i t r e f l a s k f i t t e d w i t h a mercury-sealed 
s t i r r e r and a Soxhlet e x t r a c t o r containging mercuric c h l o r i d e 
(1 mole) i n the thimble. The s o l u t i o n was made up to 1500 mis. 
w i t h dry ether and r e f l u x e d u n t i l the e x t r a c t i o n of the 
mercuric c h l o r i d e was complete. This took about s i x hours. 
The Soxhlet e x t r a c t o r was then replaced by a d i s t i l l a t i o n 
apparatus and almost a l l of the ether was removed. The 
r e a c t i o n was s t i r r e d throughout and c a r r i e d out under an 
atmosphere of n i t r o g e n up t o t h i s p o i n t . When the ether 
d i s t i l l a t e had cooled t o room temperature i t was returned to 
the r e a c t i o n f l a s k and the excess Grignard reagent c a r e f u l l y 
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hydrolysed w i t h water and d i l u t e Sulphuric a c i d . The two 
laye r s were separated, the aqueous layer washed w i t h ether 
(2 x 50 ml.) and the t o t a l ether s o l u t i o n was d r i e d w i t h 
anhydrous calcium c h l o r i d e overnight. The dimethylmercury 
ether s o l u t i o n -was- added from a dropping f u n n e l t o a small 
f l a s k from which the ether was d i s t i l l e d . When the ether 
had been removed completely the dimethylmercury d i s t i l l e d 
at 92° (11+0 gm. 
Methylmercurie c h l o r i d e 

This compound was prepared by u t i l i z i n g the general 
r e a c t i o n of d i a l k y l m e r c u r i a l s w i t h mercuric h a l i d e s . 

Me2Hg + HgCl 2 * 2MeHgCl 
Dimethylmercury (3^.3 gm., 1$ excess) i n ether (100 ml.) was 
added slowly from a dropping f u n n e l t o mercuric c h l o r i d e 
(39.8 gm.) i n ether (*+00 m l . ) . The s o l u t i o n was s t i r r e d 
continuously and methylmercuric c h l o r i d e c r y s t a l l i s e d from 
s o l u t i o n as large p l a t e s as the a d d i t i o n continued. A f t e r 
a d d i t i o n of dimethylmercury the s o l u t i o n was r e f l u x e d f o r 
30 minutes to ensure complete r e a c t i o n of mercuric c h l o r i d e 
which was i n i t i a l l y o n l y p a r t l y d issolved. On coo l i n g 
methylmercuric c h l o r i d e was obtained as l u s t r o u s l e a f l e t s 
m.p. 172° (68 gm. 92$). S i m i l a r l y ^ p r e p a r e d from dimethyl­
mercury and corresponding mercuric h a l i d e s were methylmercuric 
bromide (80$), m.p. 1 6 2 . 5 ° ; methylmercuric i o d i d e (71$) 

m.p. I V 3 0 ; both i n the form of c o l o u r l e s s l u s t r o u s l e a f l e t s . 
The i o d i d e slowly turned yellow on s t o r i n g f o r several months 
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i n the dark or more r a p i d l y i n d i f f u s e d a y l i g h t . 
As organomercury compounds are extremely t o x i c and 

d i a l k y l m e r c u r i a l s i n p a r t i c u l a r have a h i g h vapour pressure 
a l l preparations were c a r r i e d out i n a fumes cupboard and 
rubber gloves were worn whenever s o l u t i o n s of mercurials were 
handled. Waste s o l u t i o n s such as mother l i q u o r s from 
c r y s t a l l i s a t i o n s and washings were t r e a t e d w i t h a s o l u t i o n of 
bromine i n carbon t e t r a c h l o r i d e u n t i l the colour of the bromine 
no longer faded on standing. This converted a l l t o x i c organo­
mercury compounds to mercuric bromide and rendered them i n a 
water soluble s t a t e s u i t a b l e f o r dispo s a l . 
Di-m-tolylmercury. 

Di-m-tolylmercury was prepared from excess sodium amalgam 
and m-bromotoluene. ' The sodium amalgam was obtained by 
adding mercury (3 5200gm.) from a dropping f u n n e l to sodium 
(86 gm.) i n a s t a i n l e s s s t e e l beaker w i t h vigorous s t i r r i n g . 
When a l l of the mercury was added the amalgam was heated and 
s t i r r e d , t o ensure complete amalgamation. Vigorous s t i r r i n g 
was continued as the s o l u t i o n cooled and a granular s o l i d was 
obtained. Large granules were ground to a convenient size 
and the 2.8% sodium amalgam was ready f o r use. m-Bromotoluene 
(160 gm.) mixed w i t h m-xylene (170 ml.) as solvent and e t h y l 
acetate (10 ml.) as c a t a l y s t were added t o the amalgam and the 
s o l u t i o n was heated under r e f l u x f o r nine hours. The s o l u t i o n 
was then cooled and benzene (200 ml.) was added to d i s s o l v e 
any s o l i d product which may have separated. The r e s u l t i n g 



- h7 -

s o l u t i o n was f i l t e r e d f r e e of sodium bromide and unreacted 
amalgam, and d i s t i l l e d t o dryness. The pale-brown s o l i d 
residue was r e c r y s t a l l i s e d from e t h y l acetate t o y i e l d 
di-m-tolylmercury (5*+gm., 30$), m.p. 101° . 
m-Tolylmercuric c h l o r i d e . 

Di-m-tolylmercury (23.6gm.) was diss o l v e d i n ineths and 
the s o l u t i o n r e f l u x e d to e x t r a c t mercuric c h l o r i d e (22.*+gin. 1 mol.) 
from a thimble o f the attached doxhlet e x t r a c t o r . A f t e r 
complete e x t r a c t i o n of the mercuric c h l o r i d e the m-tolylmercuric 
c h l o r i d e (Mgm., 89$) so formed was f i l t e r e d from the s o l u t i o n 
and r e c r y s t a l l i s e d from a larg e volume of al c o h o l which y i e l d e d 
the compound as co l o u r l e s s needles, tn.p. 1 5 9 - 1 6 0 ° . 

m-Tolylmercuric bromide. 

Mercuric bromide C15 - 3 gtn.) i n hot acetone (100 ml.) was 
added t o di-m-tolylmercury (l6.3gm.,1 mol.) i n acetone (200 m l . ) . 
The volume of the s o l u t i o n was made up t o hOO ml. to dissolve 
the product completely and m-tolylmercuric bromide, m.p. J\Qh° 

c r y s t a l l i s e d from hot acetone s o l u t i o n . 
Phenylmercuric c h l o r i d e . 

This reagent was p u r i f i e d ; by Soxhlet e x t r a c t i o n from the 
crude purchased compound using a l c o h o l as solvent. Re-
c r y s t a l l i s a t i o n from methanol y i e l d e d phenylmercuric c h l o r i d e 
as l u s t r o u s p l a t e s , m.p. 2 5 1 ° . 

Phenylmercuric cyanide. 
Phenylmercuric c h l o r i d e (65.6 gm.) i n a l c o h o l (1 1.) was 

added t o potassium cyanide (13-7 gm.,1 mol.) i n a l c o h o l (1 1 . ) . 
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The s o l u t i o n was made up to 800 ml. w i t h a l c o h o l and water 
(10 ml.) was added to r e t a i n any remaining potassium c h l o r i d e 
i n s o l u t i o n . C r y s t a l l i s a t i o n occurred as the s o l u t i o n cooled 
y i e l d i n g c o l o u r l e s s needles of phenylmercuric cyanide (60 gm., 
9 W , ra.p. 203° . 

p-Tolylmercuric c h l o r i d e was r e c r y s t a l l i s e d from b o i l i n g 
xylene, m.p. 233°-

Trimethylpho sphine 
Trimethylphosphihe was a v a i l a b l e i n the form of a s o l u t i o n 

i n 2N sulphuric a c i d c o n t a i n i n g trimethylphosphine (0.071 gm. 
ml. ) . The phosphine was l i b e r a t e d by adding a concentrated 
s o l u t i o n of sodium hydroxide t o the ac i d (100 ml.) i n an 
apparatus purged w i t h n i t r o g e n under reduced pressure ( Icra.Hg). 
The trimethylphosphine so generated was condensed onto sodium 
hydroxide p e l l e t s i n a two neck f l a s k cooled i n l i q u i d a i r . 
This f l a s k was then connected t o another containing sodium 
d r i e d ether (35 m l . ) . The ether was cooled t o l i q u i d a i r 
temperature, the system evacuated, and the dry trimethylphosphine 
allowed t o condense onto the ether. The s o l u t i o n containing 
trimethylphosphine ( 7 gm.) i n ether (35ml.) was stored under 
dry n i t r o g e n . The st r e n g t h of the phosphine s o l u t i o n was 
checked by a d d i t i o n o f an a l i q u o t to excess methyl i o d i d e . 
The weight of tetramethylphosphonium i o d i d e formed was i n 
agreement w i t h the estimated concentration of the s o l u t i o n . 
Solvents 

Benzene and d i e t h y l ether were d r i e d by a l l o w i n g thern t o 
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stand over f r e s h sodium w i r e f o r a t l e a s t one week before use. 

P u r i f i c a t i o n of reagents f o r conductance measurements 
Methylmercuric c h l o r i d e was r e c r y s t a l l i s e d from methanol as 
colou r l e s s l e a f l e t s , m.p. 171? 

Methylmercuric bromide was r e c r y s t a l l i s e d from ether as 
col o u r l e s s l e a f l e t s , m.p. 162? 

Methylmercuric iodide was r e c r y s t a l l i s e d from acetone as 
col o u r l e s s l e a f l e t s , m . p . 1L3°j and stored i n the dark. 
Di-m-tolylmercury was r e c r y s t a l l i s e d from acetone as co l o u r l e s s 
needles m.p. 101? 

m-Tolylmercurie c h l o r i d e was r e c r y s t a l l i s e d from acetone m.p.160? 

m-Tolylmercuric bromide was r e c r y s t a l l i s e d from a l a r g e volume 

of methanol, m.p. I S T - 0 . 

TriphenyIphosphine was r e c r y s t a l l i s e d twice from methanol 
f o l l o w e d by r e c r y s t a l l i s a t i o n from acetone. The small colour­
less c r y s t a l s , m.p.80°, were stored under n i t r o g e n i n the dark. 
The dichlorobistriphenylphosphinemercury used was t h a t which 
c r y s t a l l i s e d slowly from the d i s p r o p o r t i o n a t i o n r e a c t i o n between 
methylmercuric c h l o r i d e and triphenylphosphine i n benzene 
s o l u t i o n . 

Acetone used as solvent i n conductance r e a c t i o n s was p u r i f i e d 
by d i s t i l l a t i o n from potassium permanganate and sodium 
hydroxide followed by f r a c t i o n a l d i s t i l l a t i o n , a l a r g e 'head' 
and ' t a i l ' being r e j e c t e d . 

Methanol was.used i n most conductimetric t i t r a t i o n s as solvent. 
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I t was d r i e d by r e a c t i o n w i t h magnesium. A s o l u t i o n containing 
magnesium methoxide ( 10$) was placed i n a s t i l l f i t t e d with a 
f r a c t i o n a t i n g column 12" long packed with g l a s s h e l i x e s . 
Methanol was removed from the top of the column by an 
e l e c t r o n i c a l l y c o n t r o l l e d t a k e - o f f head. A g l a s s plunger 
containing a metal core c o n t r o l l e d the flow of methanol from 
the f r a c t i o n a t i o n column i n t o the r e c e i v i n g f l a s k . The 
frequency with which the plunger was r a i s e d by an e x t e r n a l 
electromagnetic was adjusted to give a 10$ t a k e - o f f . The 
apparatus was f i t t e d w i t h a calcium c h l o r i d e soda lime guard 
tube to dry and remove carbon dioxide from the a i r drawn, i n as 
the methanol cooled. 'When solvent was required the heater 
was switched on and the s o l u t i o n r e f l u x e d f o r about one hour 
before any methanol was c o l l e c t e d . The methanol was used soon 
a f t e r d i s t i l l a t i o n . 

Apparatus and technique 

Nitrogen was used as an i n e r t atmosphere i n many of the 

r e a c t i o n s studied. I t was p u r i f i e d by passing i t through a 

furnace containing copper heated to '+00° to remove t r a c e s of 

oxygen and then through a tower packed with molecular s i e v e to 

remove water vapour. The copper was regenerated whenever 

necessary by passing hydrogen through the heated furnace u n t i l 

the black oxide was reconverted to copper. The molecular 

s i e v e was d r i e d p e r i o d i c a l l y by heating the tower to about 

100° and pumping o f f the water. 

Reactions 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 were c a r r i e d 
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out i n a double Schlenk tube i n which the two limbs were 
separated by a p o r o s i t y 3 s i n t e r e d d i s c . The tube was 
evacuated to a high vacuum and then l e t down to atmospheric 
p r e s s u r e slowly with dry nitrogen. S o l u t i o n s of compounds of 
low v o l a t i l i t y such as organomercuric s a l t s could a l s o be 
degassed i n the Schlenk tube by pumping to a low vacuum and 
l e t t i n g down to nitrogen two or three times before the a i r -
s e n s i t i v e m a t e r i a l was added. E i t h e r method was considerably 
more r a p i d than purging the apparatus with nitrogen. 

A l l conductance experiments were c a r r i e d out i n a 

thermostat maintained a t 2? - 0.1 °C. A simple c e l l shown i n 

f i g u r e ( v i i ) was used. Platinum e l e c t r o d e s , which were 

r e p l a t l n i s e d as proved necessary, were held i n p o s i t i o n by 

g l a s s spacers. E l e c t r i c a l contact was achieved by placing 

mercury i n the tubes to which the e l e c t r o d e s were fused. The 

c e l l - was f i t t e d w ith a tap .through which ni-trogen could be 

passed and a small neck f o r the a d d i t i o n of reagents. I f 

a i r - s e n s i t i v e m a t e r i a l was to be used, the c e l l was purged w i t h 

dry nitrogen f o r an hour before the t i t r a t i o n , and a purged 

n i t r o g e n - e q u i l i b r a t e d burette was attached by a short length 

of rubber tubing. I n t h i s way t r i e t h y l p h o s p h i n e could be 

t i t r a t e d without any o x i d a t i o n . I>f the reagents were a i r -

s t a b l e the c e l l was purged w i t h nitrogen to remove water vapour 

and carbon dioxide and the burette was f i t t e d with a calcium 

chloride/soda lime guard tube. The c e l l was shaken to obtain 

a homogenous solution, before readings were taken, and 
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measurements of r e s i s t a n c e were made using a Mullard bridge, 
type GMAl*+0/1. When not i n use the e l e c t r o d e s were immersed 
i n d i s t i l l e d water or acetone. 

Molecular weights 

These were determined c r y o s c o p i c a l l y i n water or benzene 

s o l u t i o n . The benzene used was d r i e d w i t h sodium wire and 

standardized with triphenylphosphine. I n e i t h e r case an i c e -

s a l t cooling bath was used. I f the compound was a i r - s t a b l e 

known weights were added to a known weight of solvent i n the 

apparatus. A i r - s e n s i t i v e compounds were d i s s o l v e d i n a known 

volume of benzene and f u r t h e r aliquot-s of benzene were sub­

sequently added. The s o l u t i o n was allowed to supercool by 

0.2°C and was then s t i r r e d v i g o r o u s l y u n t i l i t showed a constant 

maximum reading. The Beckmann thermometer was tapped sharply 

a t t h i s point to prevent ' s t i c k i n g ' of the mercury thread. 

Determinations of molecular weight were normally c a r r i e d out 

at three concentrations. I n a l l cases a cu r r e n t of dry 

nitrogen was blown continuously through the top of the apparatus 

to prevent water vapour condensing i n t o the cool s o l u t i o n . 

P r e p a r a t i o n of complex s a l t s 

S ynthesis 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 , t e r t i a r y 

phosphines and a r s i n e s w i t h the exceptions of the t r i p h e n y l 

d e r i v a t i v e s , were c a r r i e d out i n a Schlenk tube under a nitrogen 

atmosphere. The phosphine or a r s i n e was added to a s o l u t i o n 

of the m e r c u r i a l i n the Schlenk tube, by means of an automatic 

p i p e t t e p r e v i o u s l y purged with nitrogen, a g a i n s t a counter 
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current of nitrogen. U s u a l l y a good y i e l d of the product 
was s a c r i f i c e d to obtain a pure c r y s t a l l i n e sample. Melting 
p o i n t s and ana l y s e s on these complex s a l t s were determined 
soon a f t e r t h e i r i n i t i a l p r eparation. Melting points were 
determined i n se a l e d tubes i n the normal manner f o r organic 
compounds. The time taken to heat the compound to i t s 
melting point was kept to the minimum c o n s i s t e n t with 
reasonable accuracy. 

Methyl(trimethylphosphine)mercury c h l o r i d e , [MeHgPMe^Jci. 

Addition of trimethylphosphine (0.9 gm., excess over 1 mol) 

i n ether (15ml.) to methylmercuric c h l o r i d e (2.5gm.) i n 

acetone (100 ml.) r e s u l t e d i n an immediate p r e c i p i t a t i o n of 

the complex. The f i l t r a t e from the r e a c t i o n was cooled to 

- 7 6 ° when c r y s t a l l i s a t i o n slowly occurred. The c o l o u r l e s s 

c r y s t a l l i n e s o l i d melted with decomposition from 8 6 ° . (Found: 

C, 1^.7; K, 3-7; C I " , by ion exchange, 10.95- G l +H 1 2ClHgP 

r e q u i r e s C, 1^.5; H, 3-7; C I " , 10.835?). 

Methyl(triethylphosphine)mercury c h l o r i d e , ^MeHgPEt^Jci. 

The complex was p r e c i p i t a t e d on mixing ether s o l u t i o n s 

of methylmercuric c h l o r i d e and t r i e t h y l p h o s p h i n e ( s l i g h t 

excess over 1 mol.) and c r y s t a l l i s e d from a chloroform-ether 

mixture as c o l o u r l e s s needles. 

The c r y s t a l l i n e complex was a l s o obtained by adding 

t r i e t h y l p h o s p h i n e ( s l i g h t excess over 1 mol.) to methylmercuric 

c h l o r i d e i n acetone and concentrating the r e s u l t i n g s o l u t i o n , 
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m.p. 8h-85Q with decomposition. (Found: C, 22.8; H, 5»0; 

Hg, 53-0 C ^ g C l H g P r e q u i r e s C, 22.8; H, 1+.91; Hg, 5^-3$) 

Methyl(phenyldimethylphosphine)mercury chloride., 
[MeHgPMe 2Ph]ci 

Addition of phenyldimethylphosphine (2 ml., excess over 

1 mol.) to methylmercuric c h l o r i d e (3«3gm«) i n acetone (30 ml.) 

slowly y i e l d e d c o l o u r l e s s c r y s t a l s of the s a l t on cooling i n 

an acetone -CC^ bath. M.p. 9 5 - 9 7 ° with decomposition (Found: 

C, 27.5; H, 3.7; G l " , by ion exchange, 9.19- CgH^ClHgP 

r e q u i r e s C, 27.8; H, 3 .6; G l , 9.19%). The complex was found 

to be l i g h t s e n s i t i v e , turning grey on exposure to d i f f u s e 

d a y l i g h t f o r a few hours. T h i s compound and those sub­

sequently prepared and found to be l i g h t s e n s i t i v e were handled 

i n f l a s k s wrapped i n black paper to prevent decomposition. 

M e t h y l ( t r i e t h y l p h o sphine)mercury bromide,JkeHgPEt^]Br 

Th i s compound has been" reported i n a pre l i m i n a r y 

communication and was prepared from ether s o l u t i o n i n a 
110 

s i m i l a r manner to the corresponding c h l o r i d e . Addition of 

tr i e t h y l p h o s p h i n e to methylmercuric bromide i n acetone followed 

by concentration of the s o l u t i o n a l s o y i e l d e d c o l o u r l e s s 

c r y s t a l s , m.p. 92 -93° w i t h decomposition. (Founds C, 20.5; 

H, h.5 Gale, f o r C^H^BrHgP: C, 20.3; H, *f.39#) 
Methyl(phenyldimethylphosphine)mercury io d i d e , 

[MeHgPMe 2Ph]l. 

Addition of phenyldimethylphosphine (ex c e s s over 1 mol.) 
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to me thy liner c u r i e iodide (3.2grn.) i n acetone (hO ml.) gave 
anpLnitially c l e a r s o l u t i o n from which the complex was slowly 
deposited as c o l o u r l e s s needles, m.p. 107° w i t h decomposition. 
(Found: C, 22.5; H, 2.92. C^H^HglP r e q u i r e s G, 22.5; 
H, 2.9h%). The complex was a l s o p r e c i p i t a t e d on a d d i t i o n 
of ether s o l u t i o n s of the phosphine and methylmercuric iodide 
and c r y s t a l l i s e d as c o l o u r l e s s needles from isopropanol. 

Ethyl(trimethylphosphine)mercury c h l o r i d e , 
[EtHgPMe^] C I . 

Trimethylphosphine (0 .6 gm., s l i g h t excess over 1 mol.) 

i n ether (10ml.) was added to ethylme r c u r i c c h l o r i d e (2 .0 gm.) 

i n warm acetone (20 ml.). An immediate white p r e c i p i t a t e of 

the s p a r i n g l y s o l u b l e s a l t was formed. On cooling the 

f i l t r a t e to - 7 8 ° the complex c r y s t a l l i s e d from the s o l u t i o n 

as f i n e c o l o u r l e s s needles. Decomposition from 86° . (Found: 

Cj 1 7 A ; H h.2\ CI, by ion exchange, 1 0 . 8 . C^H^ClHgP 

r e q u i r e s C, 17-6; H, h. 1; CI , 1 0 A $ ) . 

E t h y l ( t r i e t h y l p h o s p h i n e ) m e r c u r y bromide, 
[ E t H g P E t J Br. 

when t r i e t h y l p h o s p h i n e (2.2 ml., s l i g h t excess over 1 mol.) 

was added to incompletely d i s s o l v e d ethylmercuric bromide 

C+.O gm.) i n acetone (*+0 ml.) the s o l i d q u i c k l y went i n t o 

s o l u t i o n which was then concentrated to h a l f volume, by 

evaporation under reduced pressure, a t which concentration 

c o l o u r l e s s needles of the complex began to c r y s t a l l i s e , 

m.p. 8 7 ° w i t h decomposition. (Found: C, 22.5;. H, h.Q. 
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CgH 2 0BrHgP r e q u i r e s C, 22.5; H, h.7%). 

Conductance of [ E t H g P E t j B r i n water 

Ethyl(triet.hylphosphine)mercury bromide (0.0578 gm.) was 

a c c u r a t e l y weighed under nitrogen i n a=50 ml. two-necked f l a s k 

and d i s t i l l e d water (20 ml.) was added by p i p e t t e a g a i n s t a 

counter current of nitrogen. Half of the s o l u t i o n was 

t r a n s f e r r e d under nitrogen to a 'grade A 1 10 ml. burette which 

was then f i t t e d w i t h a p r e s s u r e - e q u i l i b r a t e d nitrogen i n l e t . 

The conductance c e l l , which was purged with nitrogen and 

contained d i s t i l l e d water (20ml. ) , was placed i n the thermostat 

at 25" f o r two hours p r i o r to t i t r a t i o n . The apparatus used 

was i d e n t i c a l to that described e a r l i e r . A l i q u o t s of the 

so l u t i o n from the burette were run in t o the c e l l a g a i n s t a 

counter-current of nitrogen, the c e l l shaken to obtain a 

homogenous s o l u t i o n , and the r e s i s t a n c e of the s o l u t i o n 

measured. Aft e r 10 minutes the r e s i s t a n c e was re-determined 

and i n a l l cases was found to be unchanged. Measurements 

were taken u n t i l almost a l l the s o l u t i o n had been added from 

the burette and the r e s u l t s obtained are tabulated below. A 

(mole" ohm" cmr) a g a i n s t 4c ( m o l e - l i t " ) 2 i s 

shown. 'Conductance water' has a s p e c i f i c conductance, K, of 

about 0.05 x 10"^ ohm"1 cm"1 at 25° and a l l observed values of 

s p e c i f i c conductance were c o r r e c t e d f o r t h i s . 
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TABLE IV 

C e l l constant = O . A 3 Thermostat temperature = 25°C 

Conductance of |EtHgPEt.jBr i n water 

Vol. 
[EtHgPEt 3J Br 
s o l u t i o n 
added (ml.) 

C x 10~ 3 

(mole l i t " 1 ) 

>/c 

(iriole l i t " 1 ) * 

)+ 

R x 1 0 + 

(ohm) 

K x 1 0"6 

obs. 
-1 -1 (chm cm. ) 

K x 10~ 6 

c o r r . 
-1 -1 

A 
(ohm .cm?) 

0.00 0.00 0.00 3:. 38 ^.23 0.05 -
0.05 0.016'9 0.00*f11 2.62 5 A 6 1 .28 75.7 
0.10 0.0336 0.00580 1.97 7.26 3-08 91.5 
0.1 5 0.0503 0.00709 1 .56 9.17 ^.99 99.1 
0.21 0.0702 O.OO838 1.25 11 Ah 7.26 103 A 
0.27 0.0900 0.009^9 1 .07 13.37 9.19 102.1 

0.37 0.1228 0.01108 0.870 16A1+ 12.26 99.8 
0 A 8 0.1583 0.01258 0.697 20.51 16.33 103.1 
0.62 ' 0.2032 O.OA-25 0.580 2h.65 20 A 7 100.7 
0.7^ 0.2^11 0.01552 0.501 28.5^ 2^.36 101 .0 

0.92 0.2972 0.0172'+ 0A21 33.96 29.78 100.2 
1.11 0.35^2 0.01885 0.361 39.61 35A3 100.0 

1 .35 0A272 0,02066 0.303 h-7.20 i+3.02 100.7 
1.70 0.5291 0.02300 0.250 57.20 53.02 100.2 

2.13 0.6503 0.02551 0.209 68 A 2 6h.2h 98.8 

2.61 0.7798 0.02793 0.173 82.66 78.»f8 100.7 
3-30 0.9568 0.03093 0.1 >+2 100.7 96.5 100.8 

h.kf 1 .229 0.03506 0.111 128.8 12^.6 101 A 
5.56 1 .4-70 0.03831+ 0.086 166.3: 162.1 110.3, 
6.71 1.697 0.01+120 0.076 188.1 183.9 108 A 
7.92 1 .916 0.0^-378 0.068 210.3 206.1 107.6 

9.95 2.2if5 O.OM-739 0.06'0 238.3 
i 

23^.1 10^.0 
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The l a t t e r v a l u e s of equivalent conductance,A , are high due 

to i n c r e a s e d experimental e r r o r i n the determination of the 

r e s i s t a n c e i n t h i s region. E x t r a p o l a t i o n of the p l o t 

of A aga i n s t Jc g i v e s the value of equivalent conductance 

at ' i n f i n i t e d i l u t i o n 1 AQ. 

A 0 = 100.5 ohm"1 cm.2 

As A 0 = X+ + X_ where X+ and \ _ are the i o n 

conductances at I n f i n i t e d i l u t i o n of the anion and c a t i o n 

r e s p e c t i v e l y , and f o r Br" X_ = 78.*+ chm! cm. 2 

Then fo r [EtHgPEt 3] + , A+ = 22.1 ohm.1 cm.2 

n-Propyl(triraethylphosphine)mercury c h l o r i d e , 
[Pr nHgPMeJ C I . 

Addition of trimethylphosphine (0.9 gm., s l i g h t excess 1 

over 1 mol.) i n ether (15 ml.) to n-propylmercuric c h l o r i d e 

(3.0 gm.) i n acetone (*+0 ml.) at room temperature r e s u l t e d i n 

an immediate white g e l a t i n o u s p r e c i p i t a t e of crude 

[PrnHgPMe^J C I . A f u r t h e r quantity of acetone (50 ml.) was 

added and the s o l u t i o n was warmed to about 4-0°, at which 

temperature the p r e c i p i t a t e was p a r t i a l l y d i s s o l v e d . The 

crude product was removed by f i l t e r i n g the s o l u t i o n through 

the Schlehk d i s c and the f i l t r a t e was cooled to 0°C, a t 

which temperature the complex slowly c r y s t a l l i s e d as f i n e 

c o l o u r l e s s needles, m.p. 121-12^° w i t h decomposition. 

(Found: C, 20.2;; H, *+.6;. C I " , by c a t i o n exchange, 9.98. 
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C 6H l 6ClHgP r e q u i r e s C, 20.3; H, if. 5; C I , 9.98$) 

n-Propyl(phenyldimethylphosphine)mercury c h l o r i d e , 

[pr nHgPMe 2Ph]ci 

Phenyldimethylphosphine (1 .5 ml., s l i g h t excess over 

1 mol.) i n ether (20ml.) was added to n-propylmercuric 

c h l o r i d e (2 .2 gm.) i n ether (100ml.) . The s o l u t i o n was 

concentrated to a volume of about 80 ml. when an o i l began to 

separate. Further concentration to about 60 ml. by r a p i d l y 

pumping o f f the ether solvent caused the s o l u t i o n to become 

quite c o l d and on vigorous shaking a white s o l i d was formed. 

The [Pr nHgPMe 2PhJ CI so formed was immediately f i l t e r e d from 

the ether s o l u t i o n on the s i n t e r e d d i s c of the Schlenk tube, 

t r a n s f e r r e d to a two-neck f l a s k under nitrogen and pumped 

u n t i l dry. m.p. 7 6 - 7 7 ° with decomposition. (Found: C, 31«5j 

H, *+.3; C l ~ , by c a t i o n exchange, 8.39. C^H^ClHgP r e q u i r e s 

C, 31.7; H, ^.35; C I , 8 .50$) . Attempts to r e c r y s t a l l i s e 

the complex from benzene, ether, hexane, acetone, methanol, 

iso-propanol and mixtures of these sol v e n t s were not 

s u c c e s s f u l . The compound was r e a d i l y s o l u b l e i n po l a r s o l v e n t s 

and s p a r i n g l y s o l u b l e i n non-polar sol v e n t s but always 

separated as an o i l on attempted i s o l a t i o n from s o l u t i o n i n 

a l l s o l v e n t s and solvent mixtures t r i e d . The s o l i d 

|Pr nHgPMe 2Pb]ci was found to be l i g h t s e n s i t i v e , darkening on 

exposure to l i g h t f o r s e v e r a l days, and was t h e r e f o r e handled 

i n f l a s k s wrapped i n black paper to prevent i t s decomposition. 
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n-Butyl(trimethylphosphine)rnercury c h l o r i d e , 
[BunHgPMe^] CI . 

Trimethylphosphine (0.9 gm., s l i g h t excess over 1 raol.) 

i n ether 0 5 ml.) was added to n-butylraercurie c h l o r i d e 

(3.0 gm.) i n acetone (70 ml.) at room temperature. The 

immediate f l o c c u l e n t white p r e c i p i t a t e was removed by 

f i l t r a t i o n through the s i n t e r e d d i s c and on cooling the 

f i l t r a t e i n ice-water [BunHgPMe-^]ci slowly c r y s t a l l i s e d as 

c o l o u r l e s s needles, m.p. 107 -8° w i t h decomposition. (Found: 

C, 22.75; H, h.Q; C I " , by c a t i o n exchange, 9.60. 

C 7H l 8ClHgP r e q u i r e s C, 22.8r, H, V . 9 ; C I , 

n-Butyl(phenyldimethylphosphine)mercury c h l o r i d e , 
[Bu nHgPMe 2Ph]ci. 

T h i s complex was prepared by adding phenyldimethyl­

phosphine (1.1 ml., s l i g h t excess over 1 mol.) to n- b u t y l -

mercuric c h l o r i d e i n ether (100 ml.). On cooling the s o l u t i o n 

w e l l below room temperature a c o l o u r l e s s c r y s t a l l i n e s o l i d 

formed ( about 0.5 gm.) from which the ether s o l u t i o n was 

decanted. The [Bu nHgPMe 2PhJci so obtained was l i g h t s e n s i t i v e . 

I t was t r a n s f e r r e d under nitrogen to a two-neck f l a s k wrapped 

i n black paper, and pumpjed dry, m.p. 8 6 - 8 8 ° w i t h decomposition. 

(Founds C, 33.h\. H, M-.7;, C I " , by c a t i o n exchange, 8.17. 

C ^ Q C l H g P r e q u i r e s C, 33-H H, If.7;; C I , 8 .22$) . The complex 

resembled [Pr nHgPMe 2Ph]ci i n i t s s o l u b i l i t y , being s o l u b l e i n 

polar s o l v e n t s and s p a r i n g l y s o l u b l e i n non-polar s o l v e n t s . 
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On concentration i t s i m i l a r l y formed an o i l and attempts to 

r e c r y s t a l l i s e the compound f a i l e d . 

n-Butyl(triraethylphosphine)mercury iodide, 

[Bu^gPMeJ I . 

Trimethylphosphine (0.6gm., s l i g h t excess over 1 mol.) 

i n ether (10 ml.) was added to n-butylmercurie iodide (1.9 g^S ) 

i n acetone (70 ml.). The r e s u l t i n g c l e a r s o l u t i o n was 

shaken to make i t homogenous and then cooled to - 2 0 ° i n an 

acetone - C 0 2 bath. The complex slowly c r y s t a l l i s e d as f i n e 

c o l o u r l e s s needles, ra.p. 87 -88° w i t h decomposition. (Found: 

G, 18.1; H, 3-9. C 7H l 8HgIP r e q u i r e s C, 18.25;: H, 3-9/0-
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Reactions of t e r t i a r y phosphines and a r s i n e s 
with methylmercurie p e r c h l o r a t e 

Reactions i n v o l v i n g a i r - s e n s i t i v e t e r t i a r y phosphines 

and a r s i n e s were c a r r i e d out i n a Schlenk tube under nitrogen 

s i m i l a r to the preparations of ^RHgPR^Jx alre a d y described. 

Triphenyl-phosphine and - a r s i n e r e s p e c t i v e l y could be added 

to the methylmercuric p e r c h l o r a t e s o l u t i o n i n a i r i n ordinary 

f l a s k s and the use of a Schlenk tube was unnecessary. The 

r e a c t i o n s v/ere exothermic, t h i s having been p a r t i c u l a r l y 

n o t i c e a b l e with t r i m e t h y l - amd t r i e t h y l p h o s p h i n e , and the 

products were l i g h t s e n s i t i v e and th e r e f o r e handled i n f l a s k s 

wrapped i n black paper, with the exception of ̂ MeHgAsPh^JciO^ 

which was s t a b l e to l i g h t . No s i g n of any d i s p r o p o r t i o n a t i o n 

to dimethylrnercury on storage was observed over s e v e r a l months, 

u n l i k e the behaviour of the corresponding h a l i d e s , and the 

complexes were a i r s t a b l e . 

P r e p a r a t i o n of methylmercuric p e r c h l o r a t e s o l u t i o n 

A s o l u t i o n of methylmercuric p e r c h l o r a t e was obtained by 

adding aqueous s i l v e r p e r c h l o r a t e to methylmercurie c h l o r i d e 

d i s s o l v e d i n the minimum of methanol. Aqueous sodium hydroxide 

(12 gm.) was added slowly with s t i r r i n g to s i l v e r n i t r a t e 

('^2.5 gm. , 0.25 mole) s o l u t i o n and the r e s u l t i n g p r e c i p i t a t e 

of s i l v e r oxide was washed by decantation w i t h d i s t i l l e d water 

twelve times. P e r c h l o r i c a c i d , 80% s o l u t i o n , was added to 

the wet s i l v e r oxide u n t i l only a t r a c e of oxide remained a f t e r 
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standing f o r two hours. The s i l v e r p e r c h l o r a t e s o l u t i o n was 
f i l t e r e d f r e e of the s l i g h t excess oxide. S i l v e r p e r c h l o r a t e 
(11.5 gm., hO ml. of stock s o l u t i o n ) was added slowly with 
shaking to methylmercuric c h l o r i d e (1^- gm.) i n methanol 
(100 ml.) and the s o l u t i o n allowed to stand i n the dark f o r 
two hours. The s o l u t i o n of methylmercuric p e r c h l o r a t e 
(17.5 gm.) i n 1:2.5 water-methanol mixture (1U-0 ml.) was 
f i l t e r e d f r e e of s i l v e r c h l o r i d e and stored i n a stoppered 
f l a s k . T his s o l u t i o n was handled with great care because 
of i t s dangerous v e s i c a n t a c t i o n on the s k i n . 

Methyl(trimeth7/lphosphine)mercury p e r c h l o r a t e , 
[MeHgPMe-^ClO^ 

Trimethylphosphine (1 gm.) i n ether (5 ml.) was added by 

syringe to de-aerated acetone (15 ml.) i n one limb of a 

Schlenk tube. Methylmercuric p e r c h l o r a t e (2 .5 gm., s l i g h t l y 

l e s s than 1 mol.) i n the stock s o l u t i o n (20 ml.) was placed 

i n the other limb and the trimethylphosphine s o l u t i o n was 

f i l t e r e d through the d i s c and shaken to give a homogenous 

s o l u t i o n . The r e a c t i o n was exothermic and the s o l u t i o n 

became warm, depos i t i n g at the same time a sparse grey 

p r e c i p i t a t e of m e t a l l i c mercury. After pumping to remove the 

s l i g h t excess of trimethylphosphine the s o l u t i o n was f i l t e r e d 

through a s i n t e r e d d i s c under su c t i o n i n t o a two-neck f l a s k 

and f u r t h e r i s o l a t i o n was c a r r i e d out i n a i r . The volume was 

reduced to about 30 ml. when c r y s t a l l i s a t i o n began. The 



- 6if , -

product, [MeHgPMe^JClO^, was obtained as white needles which 
q u i c k l y turned grey on exposure t o l i g h t . Decomposition from 
215° (Found: Hg, 50.0, ClO^, by i o n exchange, 25.1 . 

gClHgO^P requires Hg, 51-3? ClO^, 2 5 . W . 

MethyK triethylphosphine)mercury p e r c h l o r a t e , 
[MeHgPEtJciO^. 

A d d i t i o n o f t r i e t h y l p h o s p h i n e (1.6 gm.) i n acetone 
(IfO ml.) t o some of the stock s o l u t i o n (30 ml.) co n t a i n i n g 
methylmercuric pe r c h l o r a t e (3.6 gm., s l i g h t l y less than 1 mol.) 
caused a s l i g h t grey p r e c i p i t a t e o f m e t a l l i c mercury and a 
small increase i n the temperature of the s o l u t i o n due to the 
exothermic r e a c t i o n . A f t e r f i l t r a t i o n and concentration of 
the s o l u t i o n t o 60 ml. by evaporation o f solvent a t reduced 
pressure the complex was obtained as white needles. 
Decomposition from 137° (Found: Hg, U-6.2] ClO^, by i o n exchange, 
22.8. G^gClHgO^-P requires Hg, ^6.3; ClO^, 23.0$). The 
complex was stable t o a i r but turned grey a f t e r several hours 
exposure t o d i f f u s e l i g h t . 

Methyl(triphenylphosphine)mercury p e r c h l o r a t e , 
[MeHgPPH^j CIO^ 

A s o l u t i o n (30 ml.) of methylmercuric p e r c h l o r a t e (3.6 gm.) 
was slowly added to triphenylphosphine (2.8 gm. 1 mol.) i n 
acetone (80 M l . ) . A sparse white p r e c i p i t a t e , presumably 
triphenylphosphine, was formed but q u i c k l y r e d i s s o l v e d a f t e r 
80$ of the methylmercuric p e r c h l o r a t e s o l u t i o n had been added. 
The s o l u t i o n was f i l t e r e d and concentrated t o a volume of 
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about 90 ml., by evaporation of solvent under reduced pressure, 
v/hen the c r y s t a l l i n e [MeHgPPh^JciO^ separated from s o l u t i o n , 
m.p. 213-218° w i t h decomposition. (Found: Hg, 3*+A. 
C^H^gClHgO^P requ i r e s Hg, 3*+«7$). On exposure t o l i g h t f o r 
several hours the complex turned b r i g h t yellow. 

M e t h y l ( t r i e t h y l a r s i n e ) m e r c u r y p e r c h l o r a t e , 
[MeHgAsEt^ClO^ 

As t r i e t b y l a r s i n e i s r e a d i l y o x i d i s e d by a i r t h i s 
p r e p a r a t i o n was c a r r i e d out under n i t r o g e n i n a Schlenk tube 
s i m i l a r t o reactions i n v o l v i n g a i r - s e n s i t i v e phosphines, 
T r i e t h y l a r s i n e (1.1 gm., s l i g h t l y more than 1 mol.) i n ether 
(20 ml.) was added t o a s o l u t i o n (20 ml.) of methylmercuric 
p e r c h l o r a t e (2.4- gm.) and an equal volume of acetone. No 
p r e c i p i t a t e was formed so the s o l u t i o n was concentrated by 
pumping t o about 30 ml., when white s o l i d was p r e c i p i t a t e d . 
The s o l u t i o n was warmed t o dissolve the complex, f i l t e r e d 
through the s i n t e r e d d i s c , and allowed t o c r y s t a l l i s e . 
Decomposition from 120°. (Found: Hg, i+1.5- Cr7H1 gClAsHgO^ 
requires Hg, ^2.0$). The [MeHgAsEt^] ClO^ so obtained was 
l i g h t - s e n s i t i v e , t u r n i n g grey a f t e r several hours exposure 
to d a y l i g h t . 

M e t h y l ( t r i p h e n y l a r s i n e ) m e r c u r y p e r c h l o r a t e , 
[MeHgAsPh^GlO^ 

•Slow a d d i t i o n of t r i p h e n y l a r s i n e (2.1 gm. , 1 mol.) i n 
acetone (30 m l . ) , w i t h continuous s t i r r i n g , to methylmercuric 
p e r c h l o r a t e s o l u t i o n r e s u l t e d i n an immediate white 
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p r e c i p i t a t e o f the complex. The s o l i d so obtained appeared 
to be i n s o l u b l e i n benzene, ether, water and a l c o h o l , and only 
s l i g h t l y soluble i n acetone. A saturated acetone s o l u t i o n 
(200 ml.) y i e l d e d the complex as co l o u r l e s s needles on 
coo l i n g , rn.p. 221+-225° w i t h decomposition. (Found: C, 36.95; 
H, 2.9. Cj^gAsCTHgO^ requires G, 36-73; H, 2 .9$) . Unlike 
the other p e r c h l o r a t e complexes prepared, [MeHgAsPh^JCIO^ was 
stable to l i g h t . D i f f i c u l t y i n analysing t h i s compound i s 
mentioned i n the s e c t i o n dealing w i t h mercury a n a l y s i s . 

Preparation of methylmercuric t e t r a f l u o r o b o r a t e s o l u t i o n 
S i l v e r oxide (13*6 gm.) was p r e c i p i t a t e d from s i l v e r 

n i t r a t e (20 gm.) and sodium hydroxide (6 gm.) i n aqueous 
s o l u t i o n . A f t e r washing by decantation 15-20 times i n a 
polythene beaker Q0% h y d r o f l u o r i c a c i d was added u n t i l only a 
trace of s i l v e r oxide remained. The aqueous s o l u t i o n of 
s i l v e r f l u o r i d e (15-5 gm.) was f i l t e r e d f r e e of oxide and 
b o r o n t r i f l u o r i d e e t h e r a t e , BF^.OEl^ C16.7 gro*) was added 
dropwise w i t h s t i r r i n g . On complete a d d i t i o n the s o l u t i o n 
was f i l t e r e d and concentrated by pumping t o give a s o l u t i o n 
of s i l v e r t e t r a f l u o r o b o r a t e (21 gm.) i n water (36 m l . ) . Part 
of t h i s s o l u t i o n (12 ml., containing 7 gm. AgBF^) was added 
slowly and w i t h s t i r r i n g to methylmercuric bromide (11 gm., 
1 mol.) i n methanol (300 ml.) and f i l t e r e d f r e e of the 
p r e c i p i t a t e d s i l v e r bromide. Concentration by evaporation 
of solvent under reduced pressure gave a s o l u t i o n containing 
methylmercuric t e t r a f l u o r o b o r a t e (11 gm.) i n aqueous methanol 

(57 ml.) 



- 67 -

Methyl(triethylphosphine)mercury t e t r a f l u o r o b o r a t e , 

[MeHgPEt 3]BF l f 

Addition of t r i e t h y l p h o s p h i n e ( s l i g h t excess over 1 raol.) 

by means of a syringe a g a i n s t a counter current of nitrogen to 

an aqueous-methanolic s o l u t i o n of raethylmercurie t e t r a f l u o r o -

borate i n a two-neck 50 ml. f l a s k purged with nitrogen r e s u l t e d 

i n heat e v o l u t i o n and the p r e c i p i t a t i o n of a l i t t l e m e t a l l i c 

mercury. The complex was found to be extremely s o l u b l e i n 

water, so that a f t e r f i l t r a t i o n the s o l u t i o n was pumped to 

dryness. The r e s i d u e was d i s s o l v e d i n warm isopropanol and 

c r y s t a l l i n e j M e H g P E t ^ B F ^ , m.p. 120-125° (decomposition) 

obtained on cooling the s o l u t i o n w e l l below room temperature. 

(Found: C, 20.5$ Hg, h7.h; BF^, bypion exchange, 21.2; 

M, c r y o s c o p i c a l l y i n water, 215 and 212 a t 3.2 and 2.9 wt.# 

r e s p e c t i v e l y . C^H^F^BHgP r e q u i r e s C, 20.0; Hg, ^7.7; 

BF^, 20.65$. "Ĥ  i+21"). The cryos c o p i c r e s u l t i s c o n s i s t e n t 
w i t h the complete d i s s o c i a t i o n of a 1s1 e l e c t r o l y t e . 

Methyl(triphenylphosphine)mercury t e t r a f l u o r o b o r a t e 
[MeHgPPh3 J BF^ 

An aqueous methanolic s o l u t i o n of raethylmercuric t e t r a -

fluoroborate was added to triphenylphosphine (1 mol.) i n 

acetone i n a two-neck f l a s k . On concentrating to a very 

small volume the complex s a l t , m.p. 215-220°, slowly c r y s t a l ­

l i s e d . (Found: C, *f0.7; H, 3 . 2 . C^H^BF^HgP r e q u i r e s 

C, kO.h', H, 3.2$). The product was r e a d i l y s o l u b l e i n 

water, acetone, and methanol}, l e s s soluble i n the higher 

a l c o h o l s and i n s o l u b l e i n ethe r . 
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Reaction of methylCtriethylph.osphine)mercury c h l o r i d e 
and sodium tetraphenylborate 

The reagents were added i n methanol s o l u t i o n and, on 
concentration, c o l o u r l e s s c r y s t a l s , m.p. 100-120° ( d e c ) , 
soluble i n acetone but i n s o l u b l e i n water, were obtained. 
'This was most l i k e l y £MeHgPEt^JBPh^ but combustion an a l y s i s 
gave u n s a t i s f a c t o r y r e s u l t s p o s s i b l y due to the d i f f i c u l t y of 
ob t a i n i n g complete combustion of compounds cont a i n i n g both 
boron and carbon. 

Methylmercury tetrathiocyanatodiamminechromate ( I I I ) , 
MeHgCr(NH 3) 2(SGN) l + 

Reinecke s a l t , NH l f [ c r(NH 3) 2(8CN ) L J , (hO gm.) was 
r e c r y s t a l l i s e d by d i s s o l v i n g i t i n d i s t i l l e d water (*+50 ml.) 
at 70°C, s t i r r i n g b r i s k l y and f i l t e r i n g a t once through a 
pleated f i l t e r paper. The f i l t r a t e deposited c r y s t a l s 
copiously on cooling i n ice-water. The s a l t was r e c r y s t a l ­
l i s e d a second time and pumped d r y ' g i v i n g 18 gm. of pure 
ammonium reineckate. 

Ammonium reineckate (1^.8 gm.) i n 1:1 acetone water 
mixture (̂ -00 ml.) was allowed to d r i p slowly i n t o a. v i g o r o u s l y 
s t i r r e d s o l u t i o n of methylmercuric c h l o r i d e (10.2 gm., 1 mol.) 
i n acetone (300 m l . ) . A deep purple s o l u t i o n was obtained 
but no s o l i d was p r e c i p i t a t e d . On concentration by 
evaporation under reduced pressure methylmercuric reineckate 
began to separate as a f i n e l y d i v i d e d pale pink powder, 
s p a r i n g l y soluble i n acetone and i n s o l u b l e i n water, a l c o h o l 
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and ether. Attempts t o c r y s t a l l i s e the compound were 
unsuccessful and analysis was c a r r i e d out on the powder 
obtained from d i l u t e aqueous acetone s o l u t i o n , decomposition 
from 190°. (Founds C, 11.2; H, 1.7*+; Hg, 3 6 . 1 . 
C^H^CrHgNgS^ re q u i r e s C, 11.25; H, 1.70; Hg, 36 .h%). 

M e t h y l ( t r i ethylpho sphine)mercury 
tetrathiocyanatodiamminechromate(III) 

[MeHgPEt 3] [Gr(NH 3 ) 2 (SGN) k] 

A red p r e c i p i t a t e was obtained when ammonium reineckate 
( 0 A 5 gm.) i n water (15 ml.) was added t o m e t h y l . ( t r i e t h y l ­
pho sphine )raercury c h l o r i d e (0.5 gm., 1 mol.) i n methanol 
(15ml . ) . The product was i n s o l u b l e i n water and ether, 
s p a r i n g l y soluble i n methanol, and was c r y s t a l l i s e d from 
aqueous acetone as red needles, decomposition from 135°« 

(Found: Cr, 7-86; Hg, 28.9- C, ̂ ^CrHgNgPS^ requires 
Gr, 7.98; Hg, 30.8%). 

Methyl(triphenylphosphine)mercury 
tetrathiocyanatodiammir.echromate(III), 

[MeHgPPh3] [ c r (MH3) 2(SGN) J 

Triphenylphosphine (1.1 gm,, 1 mol.) was added t o a 
suspension of methylmercuric reineckate (2.2 gm.) i n acetone 
(̂ •0 ml.) and the s o l u t i o n was v i g o r o u s l y s t i r r e d . The pink 
suspension d i s s o l v e d w i t h i n f i v e minutes a t room temperature 
t o give a purple s o l u t i o n which y i e l d e d the phosphine complex 
on concentration. R e c r y s t a l l i s a t i o n from aqueous acetone 
gave methyl(triphenylphosphine)mercury reineckate as deep 
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pink needles containing one mol. of acetone of c r y s t a l l i s a t i o n , 
[MeHgPPh 3][Cr(NH 3) 2(ijCN) l f]Me 2CO. (Found: C, 36.3; H, 3.7. 

G 2 6 H 3 0 C r H g N 6 O P S l f r e c l u : L r e s c> 36.55\ H, 3 .5^) . The presence 
of acetone r e s u l t e d i n an i n f r a - r e d absorption a t 1701 cm. - 1, 
which disappeared a f t e r the s a l t had been kept at 60° i n vacuo 
f o r 2k hours. The deep pink needles collapsed to a pink 
powder of the anhydrous phosphine complex, ^MeHgPPh^"}£Cr 
(NH 3) 2(SCN) L h], (Found: C, 3"+.9; H, 3 . 1 . C^H^CrHgNgPS^ 
requires C, 3*4-.8; H, 3.05$). Decomposition from 1*+50. 

Preparation of phenylmercuric n i t r a t e s o l u t i o n 
This was prepared by f i l t e r i n g the s o l u t i o n f r e e from 

p r e c i p i t a t e d s i l v e r c h l o r i d e a f t e r s i l v e r n i t r a t e (*f.9 gm.) 
i n 1:5 water-acetone mixture (30 ml.) had been added w i t h 
s t i r r i n g t o phenylmercuric c h l o r i d e (9.1 gm., 1 mol.) i n 
hot acetone (*+00 m l . ) . A f t e r s l i g h t concentration a stock 
s o l u t i o n containing phenylmercuric n i t r a t e (9.9 gm.') i n ' 
acetone (365 ml.) was obtained. 

Phenyl(triethylphosphine)mercury n i t r a t e , 
[PhHgPEt^NO^ 

Triethylphosphine (1.2 ml.) was added t o phenylmercuric 
n i t r a t e (2.7 gm.) i n acetone (100 m l . ) . A f t e r concentration, 
by evaporation of acetone under reduced pressure, t o 20 ml. 
the complex c r y s t a l l i s e d as long colourless needles, 
m.p. 120-121° w i t h decomposition, when the s o l u t i o n cooled. 
(Found: C, 31.5; H, NO.,, by i o n exchange, 13.5-



C 1 2 H 2 0 H g W 0 3 P r e ( l u i r e s G ' 31-5; H, k.h; NO^, 13-5#). The 
complex was stored under an atmosphere of n i t r o g e n i n a f l a s k 
wrapped i n black paper as exposure t o d a y l i g h t caused the 
c r y s t a l s t o darken v / i t h i n a few hours. 

Conductance o f FPhHgPEt^lNO^ i n methanol 
The apparatus was the same as t h a t p r e v i o u s l y described. 

The conductance c e l l was purged w i t h n i t r o g e n , methanol (20 ml 
was added, the f l a s k stoppered and placed i n the thermostat 
at 25° f o r three hours. [piiHgPEt^NO^ (0.0711 gm,) was 
dissolved i n methanol (20 ml.) and some of t h i s s o l u t i o n was 
t r a n s f e r r e d to a bu r e t t e f i t t e d w i t h a soda lime/CaC^ tube 
to prevent water and carbon dioxide d i s s o l v i n g i n the 
s o l u t i o n . A l i q u o t s of the complex s o l u t i o n were added and 
the resistance measured i n the usual way. The r e s u l t s 
obtained are ta b u l a t e d on the f o l l o w i n g page. 
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TABLE V 

Conductance of fPhligPEt^lNO^ i n methanol 

Volume 
[PhHgPEt 3 ]N0 3 

added (ml.) 

C x 10~3 

(mole l i t " ! 1 ) 
y c 

(mole l i t . " 1 ) 3 

R x l O 1 * 
(ohm) 

K x 10"6 

oba. 
(ohm" cm") 

K x 1 0 ~ 6 

c o r r . _1 

(ohm cm" ) 
A 

(ohm-k2 

_ _ _ 6.90 2.072 0.001 -
0.05 0.0194- O.OOMfO 3.91 3.657 1.586 81.9 
0.11 0.04-25 0.00652 2.51 5.697 3.626 85.4-
0.17 0.0654- 0.00809 1.86 7.692 5.621 85.9 
0.24- 0.0920 0.00959 1.1+6 9.792 7.721 83.9 
0.33 0.1260 0.01123 1.11 ia,aa 10.81 85.8 
0.4-2 0.1596 0.01264- 0.913 1^669 13.59 85.2 
0.50 0.1893 0.01376 0.777 18.4-1 16.3^ 86.3 
0.60 0.2261 0.01504- 0.668 21.4-0 19.33 85.5 
0.70 0.2625 0.01620 0.585 2*+. 44 22.37 85.2 
0.80 0.01728 0.521 27.4-5 25.38 — • - ~ 

0.93 0.34-4-9 0.01858 OA58 31.22 29.15 84-. 5 
1.05 0.3872 0.01968 0.4-11 34-.79 32.75 84-. 5 
1.18 0.4-324- 0.02080 0.369 38.76 36.69 84-.9 
1.37 0.4-976 0.02231 0.324- W.14- 4-2.07 84-. 5 
1.73 0.6180 0.02486 0.264- 54-. 17 52.10 84-.3 
2.10 0.7376 0.02716 0.221 64-. 71 62.64- 84-. 9 
2.60 0.8930 0.02992 O.183 78.12 76.05 85.2 
3.20 1.071 0.03273 0,14-7 97.27 95.20 88.9 
3.80 1.239 0.03521 O.136 105.2 103.1 83.2 
5.00 1.552 0.0394-5 0.110 130.0 

1 

127.9 82. 4-

From the graph of equi v a l e n t conductance, A, a g a i n s t >/c the 
equivalent conductance f o r the s a l t a t i n f i n i t e d i l u t i o n , /\ Q , — 1 2 i s 86.6 ohm- era. 
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Complexes of methylmercuric s a l t s w i t h n i t r o g e n ligands 
As complexes from methylmercuric s a l t s and t e r t i a r y 

phosphines could be i s o l a t e d , attempts were made to prepare 
s i m i l a r complexes w i t h n i t r o g e n compounds but w i t h only 
l i m i t e d success. The amines were markedly more weakly held 
i n t h e i r complexes than the corresponding phosphines and the 
only stable complexes obtained were those from p y r i d i n e or 
b i p y r i d y l and containing anions of low co - o r d i n a t i o n a f f i n i t y 
f o r mercury, e.g. ClO^" and N0^~. Evidence f o r the for m a t i o n 
of complexes of t e r t i a r y a l i p h a t i c amines w i t h methylmercury 
s a l t s was obtained but c h a r a c t e r i z a t i o n i n stoichiometric 
r a t i o s was not possible due to the ease w i t h which the amine 
was l o s t . Unlike the phosphine r e a c t i o n s , there was no 
danger of o x i d a t i o n so rea c t i o n s were c a r r i e d out i n a i r . 

Reaction of methylmercury c h l o r i d e and ammonia 
A d i l u t e s o l u t i o n of methylmercuric c h l o r i d e (2.5 gm.) 

i n ether (200 ml.) was added dropwise w i t h s t i r r i n g to an 
excess of aqueous ammonia (2 ml., d e n s i t y 0.88 gm/ml.) i n 
ether (110 m l . ) . An immediate white p r e c i p i t a t e occurred 
on mixing the s o l u t i o n s and a s o l i d was obtained by f i l t r a t i o n 
under s u c t i o n , m.p. 171°i (m.p. MeHgCl 171° ) . The s o l i d so 
obtained had a strong smell of ammonia and, u n l i k e methyl­
mercuric c h l o r i d e , was r e a d i l y soluble i n water. (Found: 
Hg, 7^ .2 . CH6ClHgN requires Hg, CH^ClHg req u i r e s 
Kg? 79.9$). Analysis f o r carbon and hydrogen could not be 
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obtained due t o a continuous decrease i n weight of the sample, 
presumably due t o loss of ammonia. The i n f r a r e d spectrum of 
the complex was i d e n t i c a l to t h a t of methylmercuric c h l o r i d e 
and showed no absorption due to (N-H), again presumably due 
to loss of ammonia from the complex before the recording of 
the spectrum. 

Reaction of methylmercuric c h l o r i d e and t r i e t h y l a m i n e 
A d d i t i o n of excess t r i e t h y l a m i n e to methylmercuric 

c h l o r i d e i n ether -solution f o l l o w e d by concentration of the 
s o l u t i o n by evaporation under reduced pressure and f i l t r a t i o n 
y i e l d e d a white s o l i d smelling s t r o n g l y of t r i e t h y l a m i n e . 
M e l t i n g p o i n t and i n f r a - r e d spectrum were i d e n t i c a l to those 
of methylmercuric c h l o r i d e . Analysis showed the presence of 
a d d i t i o n a l carbon and hydrogen but very much less than r e q u i r e d 
f o r a 1:1 complex. (Found: C, 9 . 1 ; H, 2.2, C^H^ClHgN 
requires C, 23.85; H, 5.1$). 

Reaction of methylmercuric c h l o r i d e and p y r i d i n e 
On a d d i t i o n of excess p y r i d i n e t o a s o l u t i o n of methyl­

mercuric c h l o r i d e i n ether f o l l o w e d by concentration under 
reduced pressure, l a r g e l e a f - l i k e c r y s t a l s of me thy liner c u r i e 
c h l o r i d e , I d e n t i f i e d by mel t i n g p o i n t and i n f r a - r e d spectrum, 
were formed. No evidence f o r the fo r m a t i o n of a complex 
was obtained. 
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Reaction of methylmercuric perchlorate and p y r i d i n e 
When excess p y r i d i n e (1 ml.) was added to methylmercuric 

p e r c h l o r a t e (3 gm.) i n acetone-water (9s1, 30 m l . ) , 
methyl(pyridine)mercury p e r c h l o r a t e , [MeHgpyJ CTO^ c r y s t a l l i s e d . 
Decomposition from 210°. (Found: C, 18.6; H, 2.09; 

ClO^, by i o n exchange 25.7, C^HgClHgNO^ requires C, 18 . 3 ; 

H, 2.05;. CTO^, 25.2$). The i n f r a - r e d spectrum ( N u j o l m u l l ) 
_ -i 

included a strong sharp absorption band at -̂23 cm." 
c h a r a c t e r i s t i c of co-ordinated p y r i d i n e . 

Preparation o f methylmercuric n i t r a t e s o l u t i o n 
S i l v e r n i t r a t e (10.7 gm.) i n aqueous acetone ( 1 : 1 , 20 ml.) 

Was added t o methylmercuric c h l o r i d e 0 5*8 gm., 1 mol.) i n 
hot acetone (230 m l . ) . A f t e r f i l t r a t i o n from the p r e c i p i t a t e d 
s i l v e r c h l o r i d e a s o l u t i o n c o n t a i n i n g methylmercuric n i t r a t e 
(17.5 gm.) i n aqueous acetone (250 ml.) was. obtained. 

Reaction of methylmercuric n i t r a t e and b i p y r i d y l 
A white p r e c i p i t a t e was obtained when 2 , 2 ' - b i p y r i d y l 

(0.9 gm., 1 mol.) i n acetone (10 ml.) was added t o methyl­
mercuric n i t r a t e i n aqueous acetone. C r y s t a l l i s a t i o n of 
the crude complex from methanol or ethanol y i e l d e d long f i n e 
c o l o u r l e s s needles of m e t h y l ( b i p y r i d y l ) m e r c u r y n i t r a t e , 
[MeHgbipyjNO^. m.p. 200-201° w i t h decomposition. (Found: 
C, 30A;, H, 2.55;; NO^, by i o n exchange, 1>+.5. C^H^HgN^O^ 
requi r e s C, 30A5; H, 2.55» NO., lM-.3#). 
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Reaction.of methylmercuric n i t r a t e and triethyHzamine 
A d d i t i o n of excess t r i e t h y l a m i n e (1 ml.) t o methylmercuric 

n i t r a t e i n aqueous acetone (20 ml.) caused an immediate white 
p r e c i p i t a t e . A f t e r washing the s o l i d w i t h acetone and 
f i l t e r i n g under suction a n a l y s i s showed the complex to be 
very low i n carbon and hydrogen content f o r a 1:1 adduct. The 
complex smelled s t r o n g l y of amine. 

Reaction o f methylmercuric n i t r a t e and trimethylamine 
Excess trimethylamine was condensed i n t o an acetone 

s o l u t i o n (20 ml.) containing methylmercuric n i t r a t e (1.6 gm.) 
The white p r e c i p i t a t e obtained was soluble i n water and alcohols 
and was r e c r y s t a l l i s e d from ethanol. Decomposition from 1^0°. 

(Found: C, 12.1; H, 2.7- Found a f t e r 30 mins. ' i n vacuo'; 
C, 10A; H, 2 .5, C^H^HgN^. req u i r e s G, 1>+.3;; H, 3 .6$) . 

The trimethylamine was apparently r e a d i l y l o s t on evacuation 
of the sample duri n g the removal of solvent a l c o h o l r e s u l t i n g 
i n low a n a l y s i s f i g u r e s . 

Reaction of methylmercuric p e r c h l o r a t e and trimethylamine 
Excess trimethylamine was condensed i n t o a s o l u t i o n of 

methylmercuric p e r c h l o r a t e (2.2 gm.) i n acetone (20 m l . ) . 
The white p r e c i p i t a t e obtained was f i l t e r e d under s l i g h t 
s uction and then washed w i t h much benzene containing 
trimethylamine. The complex was d r i e d by p l a c i n g the 
benzene-moist s o l i d i n a desicator containing p a r a f f i n wax, 
under an atmosphere saturated w i t h trimethylamine. On 
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attempted a n a l y s i s a f t e r two days the complex l o s t 
trimethylamine so r a p i d l y t h a t an ac c u r a t e l y weighed 
sample could not be obtained. 
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PISPROPORTIONATION REACTION3 

Reaction of methylmercuric c h l o r i d e 
and t r i e t h y l p h o s p h i n e 

Methylmercuric c h l o r i d e (7.1 gm.) i n acetone (75 ml.) was 

placed i n one' limb of a Schlenk tube under nitrogen. T r i e t h y l ­

phosphine (3-6 gm., J+.5 ml., s l i g h t excess over 1 mol.) was 

added by p i p e t t e and the s o l u t i o n shaken to make i t homogenous. 

The r e a c t i o n was exothermic and the s o l u t i o n became warm. On 

standing f o r three days l a r g e p r i s m a t i c c r y s t a l s began to 

c r y s t a l l i s e slowly from the s o l u t i o n . After s e v e r a l days the 

s o l u t i o n was f i l t e r e d and c o l o u r l e s s c r y s t a l l i n e d i c h l o r o b i s -

triethylphosphineraercury, m.p. 161° (decomposition) was 

obtained. (Found: C, 28 .£5; H, 6.0; Hg, 38.7; C I , 13.85; 
M, c r y o s c o p i c a l l y i n 1.8, 2.7? 6.0 weight % aqueous 

s o l u t i o n , 296, 315, 352, 399. C 1 2 H 3 ( ) C l 2 H g P 2 r e q u i r e s C, 2 8A : 

H, 5.95; Hg, 39.5; CI 1*+.0$; M, 508). The i n f r a - r e d spectrum 

corresponded to that of co-ordinated t r i e t h y l p h o s p h i n e , but 
•1 

contained two weak bands at 3*+13 and 16̂ +9 cm suggesting the 

presence of a t r a c e of water which was not revealed by elemental 

a n a l y s i s . D i c h l o r o b i s t r i e t h y l p h o s p h i n e m e r c u r y was a l s o formed 

by slow c r y s t a l l i s a t i o n from acetone s o l u t i o n s of t r i e t h y l ­

phosphine and e t h y l - , n-propyl- and n-butylmercurie c h l o r i d e . 

(Found: C, 28.3; H, 5-9;. C, 28.0; H, 5-9; Hg, 39.2; 

C, 29.0; H, 6.1+; Hg, 39.O r e s p e c t i v e l y . C 1 2 H ^ 0 C l 2 H g P 2 

r e q u i r e s C, 28A; H, 5-95; Rj , 3 9 . 5 # ) . 
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Reaction o f methylmercuric bromide 
and t r i e t h y l p h o s p h i n e 

An acetone s o l u t i o n c o n t a i n i n g equimolar q u a n t i t i e s o f 
tr i e t h y l p h o s p h i n e and methylmercuric bromide slowly deposited 
large c o l o u r l e s s c r y s t a l s of dibromobistriethylphosphinemercury, 
m.p. 155° (decomposition) on standing f o r several days. The 
dibromo:-. complex was also formed from s o l u t i o n s of t r i e t h y l ­
phosphine and e t h y l - , n-propyl, and n-butyl-mercuric bromide 
i n acetone. (Found: C, 2M-.0; H, 5 . 1 ; C, 2M-.2; H, 5 .2; 

C, 2*f .2; H, 5-0; Hg, 33-3; C, 2k.0; H, 5.3; r e s p e c t i v e l y . 
C 1 2

H 3 o B r 2 H g P 2 r e c i u i r e s G> 2>+.i5; H, 5 - 1 ; Hg, 33-6#). 

Reaction of n-butylmercuric i o d i d e 
and t r i e t h y l p h o s p h i n e 

When n-butylmercuric i o d i d e and t r i e t h y l p h o s p h i n e i n 
equimolar r a t i o were allowed to stand i n acetone s o l u t i o n 
large c o l o u r l e s s needles of di-i o d o b i s t r i e t h y l p h o s p h i n e m e r c u r y , 
m.p. 161° , l i t . 2 ^ m.p. 1 5 7 - 1 5 8 ° , c r y s t a l l i s e d slowly over 
several days. (Found: C, 20 .8 ; H, If. 5 . Gale, f o r 
C 1 2H 3 0HgI 2P 2: C, 20.9; H, k.k-%). 

S o l u b i l i t i e s o f 
dihalogenobistriethylphosphinemercury, .compounds 

The s o l u b i l i t i e s of these complexes show a regul a r decrease 
from c h l o r i d e t o io d i d e i n polar solvents and a s i m i l a r increase 
i n non-polar solvents. The d i c h l o r i d e i s soluble i n oo.hd 
water, acetone, and methanol but i n s o l u b l e i n hot or cold ether 
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and benzene. The dibromo compound i s soluble i n cold methanol 
and acetone and i n hot water. Although i n s o l u b l e i n ether, 
hot or cold, i t w i l l d i s s o l v e i n hot benzene. The di-iodo 
d e r i v a t i v e i s i n s o l u b l e i n water but dissolves i n warm methanol. 
I t i s s l i g h t l y soluble i n co l d benzene but i n s o l u b l e i n ether. 
A l l three d e r i v a t i v e s are soluble i n nitrobenzene. 

Conductance o f di c h l o r o b i s t r i e t h y l p h o s p h i h e m e r c u r y i n water 

A s o l u t i o n of the d i c h l o r o complex (0.01+56 gra. i n 20 ml. 
water) was added from a b u r e t t e t o water (20 ml.) i n the c e l l . 
Values of s p e c i f i c conductance are corrected and a graph of 
molar conductance, /\ , against •C i s shown. 

TABLE VI 
Conductance of (Et-,P) 2HgCl 2 i n water 

Vol. added G x 10" 5 C x -10"3 ^ R x . 1 ( £ Kx10"> _K_X t 0 - 5 / \ 

(ml.) (mole l i t 1 ) (mole l i t " 1 ) * (ohm) ( ^ ; T 1 } ( i r 1 c n ; 1 ) 

0.2 
0.5 
0.9 
1.3 
1.8 
2 A 
3.0 
h.O 
5.0 

10.9^ 
19 .32 
27.38 
37.05 
1+8.08 

58.53 
7*+. 80 
89-76 

6.66 
10A6 
13.90 
16.68 
19.25 
21.92 
2^.20 
27.35 
29.96 

2.50 
1.16 
0.630 
0 A 0 5 
0.308 
0.239 
0.19^ 
0.165 
0.135 
0.117 

O.676 
1 A55 
2.683 
M-.173 
5 . W 
7.071 
8.712 

10.2*+ 
12.52 
1*+.*+*+ 

0.00*+ 
0.780 
2.011 
3.501 
i f . 815 

.6.399 
8.01+0 
9.570 

11.85 
13.77 

176.3 
18I+.3 
181.2 
175.9 
172.7 
167.3 
163.5 
158.2 

153A 
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IS 
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E x t r a p o l a t i o n of the graph t o i n f i n i t e d i l u t i o n gives 
a value o f A 0 f o r the complex = 208 ohm 1crn. 2 

AS A 0 = x+ + y 
and f o r C l " X_ = 76.3 ohm"1 cm.2 

then i ( E t 3 P ) 2 H g 2 + = 27 .7ohm 1cm. 2 

Reaction of methylmercuric c h l o r i d e 
and ..triphenylphosphine 

Methylmercuric chloride- (2 .5 gn1-) i n acetone (60 ml*) was 
added t o triphenylphosphine ( 2 . 6 gm., 1 mol.) i n acetone 
{hO m l . ) . The s o l u t i o n was shaken and then, pumped t o 
concentrate i t . On reducing the volume almost to dryness the 
white s o l i d obtained was f i l t e r e d and d r i e d . The product 
was r e a d i l y soluble i n acetone and the i n f r a - r e d spectrum 
i n d i c a t e d a mixture of i n i t i a l r e a c t a n t s , m.p. 6 0 - 2 7 8 ° . 

S i m i l a r mixtures were obtained on concentrating ether and 
benzene s o l u t i o n s of the reactants soon a f t e r mixing. On 
al l o w i n g the acetone s o l u t i o n to stand c o l o u r l e s s c r y s t a l s of 
dichlorobistriphenylphosphinemercury, m.p. 27^ -276° 

(decomposition), l i t . ^ 1 m.p. 273° (decomposition), were 
obtained a f t e r 5 days. (Found: C, 51+.0; H, J+.O. Calc. f o r 
C 3^H 3 0Cl 2H'gP 2 C, 5lK3;"- H, 3 . 9 $ ) . I n another r e a c t i o n 
methylmercuric c h l o r i d e (6 .9 gm.) and triphenylphosphine 
( 7 . 2 gm.) i n acetone (250 ml.) were allowed t o stand f o r 
150 days at room temperature. A f t e r t h i s p e r i o d 
dichlorobistriphenylphosphinemercury 6.2 gm., 56.8$) had 

c r y s t a l l i s e d . 
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Reaction of methylmercuric bromide 
and triphenylphosphine 

An acetone s o l u t i o n (100 ml.) c o n t a i n i n g me thy Iraer c u r i e 
bromide ( 2 . 2 gm.) and triphenylphosphine (1 .98 gm. 1 mol.) 
deposited c o l o u r l e s s c r y s t a l s of dibromobistriphenyiphosphine-
mercury, m.p. 259-263° (decomposition), l i t . 2 1 m.p. 258 -259° 

( d e c ) , a f t e r several days. (Found: G, !+8.9; H, 3 « 3 . 

Gale, f o r G^H^Br^IgP^ C, k8.Q; H, 3AJS). 

Reaction of methylmercuric i o d i d e 
and triphenylphosphine 

On mixing s o l u t i o n s of triphenylphosphine (2.01 gm.) 
and methylmercuric i o d i d e (2 .69 gm., 1 mol.) i n a t o t a l volume 
of acetone o f 100 ml and a l l o w i n g the mixture t o stand f o r 
5 days c o l o u r l e s s c r y s t a l s of d i - i o d o b i s t r i p h e n y i p h o s p h i n e -
raercury (1 .3 gm., 3 ^ ) , m.p. 2 Lt-9-253°, l i t . 2 1 , m.p. ca . 2 5 0 ° 

(Found: C, M+.2; H, 3 . 1 . Calc. f o r C^gH^QHglpPg C, ¥f , 1 ; 

H, 3«1^)« A f t e r a f u r t h e r ho days 0.8 gm. of the complex 
was deposited g i v i n g a t o t a l of 52.2$ of the t h e o r e t i c a l 
amount of complex p r e c i p i t a t e d i n t h i s time. 

Dispropor-tionation of methylmercuric h a i i d e s 
i n b o i l i n g benzene 

Methylmercuric c h l o r i d e 
Triphenylphosphine (2 .50 gm.) i n benzene (10 ml.) was 

added to methylraercuric c h l o r i d e (2.39 gm., 1 mol.) i n benzene 
(20 ml.) and the r e s u l t i n g s o l u t i o n was b o i l e d f o r twenty 
hours i n a f l a s k f i t t e d w i t h a r e f l u x water condenser, on an 
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o i l bath a t 125°.. As the r e f l u x i n g proceeded a s o l i d was 
gra d u a l l y deposited from the s o l u t i o n . A f t e r t h i s time the 
s o l u t i o n was cooled t o 6° and f i l t e r e d through a s i n t e r e d 
glass f i l t e r i n g c r u c i b l e to remove the i n s o l u b l e d i c h l o r o b i s -
triphenylphosphinemercury (1 .52 gm. , ^-0.1$), m.p. 276 -280° 
(decomposition ), l i t . 273 ( d e c ) . (Found: C, 5^.5; 
H, h. 25- Gale, f o r C^H^Cl^ H g :C, 5^-3; H, 3 - 9 $ ) . The 
f i l t r a t e from the r e a c t i o n was d i s t i l l e d t o dryness. Benzene 
(10 ml.) was added t o the r e s i d u a l s o l i d and the s o l u t i o n 
again d i s t i l l e d t o dryness leaving more of the d i c h l o r o 
complex (2 .205 gm., 58 .1$ ) , m.p. 27 J +-279° , as an o f f white 
s o l i d . The benzene d i s t i l l a t e which contained dimethylmercury 
was made up t o 100 ml'., w i t h benzene and a 10 ml, a l i q u o t 
taken by automatic p i p e t t e and r e f l u x e d g e n t l y f o r t h i r t y 
minutes w i t h standard i o d i n e s o l u t i o n (20 m l . ) , chloroform 
(2 n i l . ) and potassium i o d i d e (1 gm.). T i t r a t i o n of excess 
i o d i n e w i t h standard t h i o s u l p h a t e s o l u t i o n showed t h a t the 
d i s t i l l a t e contained dimethylmercury (0.9378 gm., 85•3^) • 

MethyImercuric •-bromide 
Triphenylphosphine (2 .50 gm.) i n benzene (10 ml.) and 

methylmercuric bromide (2 .82 gm.,1 mol.) reacted under the 
same co n d i t i o n s as described above. A f t e r r e f l u x i n g , the 
s o l u t i o n was cooled and f i l t e r e d f r e e of c r y s t a l l i n e 
dibromobistriphenylphosphinemercury (2.5 1+gm. 5 6 0 . 2 $ ) , m.p. 
259-263° (decomposition), l i t . 2 l + m.p. 258-259° (dec). (Found: 
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C, i f 8 .9 ; H, 3 . 9 . Calc. f o r C 3 6H 3 ( )Br 2HgP 2s C, l f 8 .8 ; 
H, 3.*+$). On d i s t i l l a t i o n of the f i l t r a t e more o f the 
dibromo complex (1.675 gm., 39-7$) , m.p. 250-259° (decompositi 
was obtained as a pale brown residue. The t o t a l recovery of 
the complex was 99 .9$. Estimation by i o d i n e and th i o s u l p h a t e 
showed t h a t the d i s t i l l a t e contained dimethylmercury 
(0.9972 gm., 9 0 . 7 $ ) . 

Methylmercuric i o d i d e . 

Triphenylphosphine (2 .50 gm.) i n benzene (10 ml.) and 
methylmercuric i o d i d e (3-27 gm., 1 mol.) reacted under 
analogous c o n d i t i o n s . On f i l t r a t i o n , d i - i o d o b i s t r i p h e n y l -
phosphinemercury (3«96 gin., 8 lK9 $ )J m.p. 2 1+9-253° (decomp.) 
l i t . 2 2 ca. 250° ( d e c ) . (Found: C, hh.2; H, 3 . 2 . Calc. f o r 
G 3rH^ 0HgI 2P 2: C, H, 3 . 1 $ ) . The f i l t r a t e y i e l d e d 

more complex (O.689 gm., I 1*.8$), m.p. 2>+7-2520 ( d e c ) , on 
d i s t i l l a t i o n g i v i n g a t o t a l recovery of 99 .7$ . Analysis of 
the d i s t i l l a t e showed dimethylmercury (0.9675 gm.? 88$) was 
present. 

Solvent e f f e c t on r a t e of d i s p r o p o r t i o n a t i o n 
The r e a c t i o n between triphenylphosphine (2 .5 gm.) and 

methylmercuric bromide (2 .82 gm., 1 mol.) i n a t o t a l volume 
of 30 n i l . solvent was studied i n methanol, acetone and 
te t r a h y d r o f u r a n under i d e n t i c a l c o n d i t i o n s t o those used i n 
benzene s o l u t i o n . 
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Acetone 
A f t e r r e a c t i o n dibromobistriphenylphosphinemercury 

(3.956 gm., 9 3 . 8 $ ) , m.p. 259-263 0 (decomposition) was obtained 
on f i l t e r i n g the s o l u t i o n . (Found: C, hQ.7\ H, 3 . 7 . 

Gale, f o r C 3 6H 3 QBr 2HgP 2: G, 1+8.8;. H, 3 - W . The f i l t r a t e 
was d i s t i l l e d and more complex (0 .15 gm., 1.6$) recovered. 
Methanol 

On coo l i n g the r e a c t i o n s o l u t i o n , and f i l t e r i n g , the 
c r y s t a l l i n e dibromo complex was obtained (3.98 gm., 9h.h%) 
m.p. 258-263 0 (decomposition). (Found: C, hQ.9; H, 3-3 ' 

Gale, f o r C^H^B^HgPy. C, 1+8.8; H, 3 . M O . A f t e r 
d i s t i l l a t i o n of the f i l t r a t e more complex (0 .15 gm., 1.6$) was 
recovered. 
Tetrahydrofuran 

When the s o l u t i o n was f i l t e r e d a f t e r twenty hours r e f l u x 
dlbromobistriphenylphosphinemercury (2 .72 gm., 6V.6$) , 

m.p. 259-263 0 (decomposition), was obtained. A recovery of 
a f u r t h e r 31-2$ of the complex was made on d i s t i l l a t i o n of 
the f i l t r a t e . 

Ethylmercurie bromide and triphenylphosphine 
Triphenylphosphine ( 2 .5 gm.) and ethylmercuric bromide 

(2 .95 gm., 1 mol.) i n benzene (30 ml.) were t r e a t e d i n the 
same way as the methyl d e r i v a t i v e . I n t h i s way a p r e c i p i t a t e 
of dibromobistriphenylphosphinemercury (0.695 gm., 16 .5$)? 

m.p. 259-263 0 (decomposition), was obtained. 
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n-Propylmercuric bromide and triphenylphosphine 
The organomercury compound (3 .08 gm.) q u i c k l y dissolved 

i n the hot benzene s o l u t i o n (30ral .) c o n t a i n i n g t r i p h e n y l ­
phosphine (2 .5 gm. j 1 mol.). F i l t r a t i o n a f t e r twenty hours 
gave the dibromo compound ( 0.133 gm> 3«15$) m.p. 259-26'+° 
(decomposition). 

n-Butylmercurie bromide and triphenylphosphine 
Reaction of n-butylmercurie bromide (3 .22 gm., 1 mol.) 

under i d e n t i c a l conditions gave the dibromo compound 
(0.165 gm., 3.9%), m.p. 2 5 8 - 2 6 3 ° (decomposition) on f i l t r a t i o n . 

Reaction of t r i c h l o r o m e t h y l m e r c u r i c c h l o r i d e 
and triphenylphosphine 

Triphenylphosphine ( 2 . 2 gin.) i n acetone (20 ml.) was 
added t o t r i c h l o r o m e t h y l m e r c u r i c c h l o r i d e ( 1 .6 gm., 1 mol.) 
i n acetone (20 ml.) and the s o l u t i o n allowed to stand f o r 
several hours before concentration. When the volume was 
reduced t o about h a l f a white s o l i d slowly c r y s t a l l i s e d from 
s o l u t i o n . Dichlorobistriphenylphosphineraercury, m.p. 273-276° 

(decomposition), l i t . m.p. 273 ( d e c ) , was obtained. 
(Found: Hg, 2k.9. Gale, f o r G^E^QQl2EgP 2'. Hg, 25-256). 

Reaction of p - t o l y l m e r c u r i c c h l o r i d e 
and triphenylphosphine 

Triphenylphosphine ( 1 . 6 gm.) and p_-tolylmercurie c h l o r i d e 
( 2 . 0 gm., 1 mol.) i n acetone s o l u t i o n (200 ml.) were shaken 
and allowed to stand. Colourless c r y s t a l s began to form 
w i t h i n an hour and an appreciable q u a n t i t y was p r e c i p i t a t e d 
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overnight. A f t e r 10 days the s o l u t i o n was f i l t e r e d f r e e o f 
dichlorobistriphenylphosphinemercury, ( 2 . ^ grn., 99%)) m.p. 
271-279° (dec.) l i t . 2 1 m.p. 273° ( d e c ) . (Founds C, 51+-3; 
H, 3 . 8 . Calc. f o r C 3 6H 3 ( )Cl 2HgP 2: C, 5^-3; H, 3 - 9 $ ) . 

Reaction of m-tolylmercurie c h l o r i d e 
and t r i e t h y l p h o s p h i n e 

This r e a c t i o n was c a r r i e d out i n a Schlenk tube under 
a n i t r o g e n atmosphere. Triethylphosphine (2 .15 ml., a s l i g h t 
excess over 1 mol.) i n acetone (10 ml.) was added t o 
m-tolylraercuric c h l o r i d e ( 1 8 gm.) i n acetone (1o0 m l . ) . 
S l i g h t heat e v o l u t i o n was observed and a cle a r s o l u t i o n 
r e s u l t e d . The s o l u t i o n was concentrated by evaporation 
under reduced pressure to 20 r n l . , and the d i c h l o r o b i s t r i e t h y l -
phosphinemercury (1 .1 gm., 3 3 . 9 $ ) , m.p. 1 6 1 - 8 ° ( d e c ) , which 
had formed as co l o u r l e s s c r y s t a l s was separated by f i l t r a t i o n . 
(Founds C, 28 .9 ; H, 5.9; Hg, 39-0, Cj 2H^ 0Cl 2HgP 2 r e q u i r e s 
C, 28A; H, 5.95; Hg, 39 -5$) . The i n f r a - r e d spectrum was 
i d e n t i c a l to the d i c h l o r o complex otherwise prepared. Water 
(20 ml.) was added to dis s o l v e traces of the phosphine compound 
and t o p r e c i p i t a t e di-m-tolylmercury from s o l u t i o n . The 
s o l u t i o n was f u r t h e r concentrated and the p r e c i p i t a t e obtained 
c r y s t a l l i s e d from ether, y i e l d i n g di-m-tolylrnercury 
(2 .22 gm., 9 0 . 2 $ ) , m.p. 9 8 - 1 0 0 ° , mixed m.p. 9 8 - 1 0 1 ° . No 
attempt was made t o i s o l a t e the remaining phosphine complex 
i n the aqueous acetone s o l u t i o n . 
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Reaction of m-tolylmercuric c h l o r i d e 
and triphenylphosphine 

The phosphine (2 .36 gm.) i n acetone (20 ml.) was added 
to a s o l u t i o n of m-tolylmercuric c h l o r i d e (2.9*+ gm., 1 mol.) 
i n hot acetone. C r y s t a l l i s a t i o n began a f t e r about -fr minute 
and ceased a f t e r 7 minutes. A f t e r 30 minutes at room 
temperature dichlorobistripheriylphosphinemercury, 2.1*+ gm., 
59.8$, m.p. 27^ -276° (decomposition), l i t . 2 1 m.p. 273° 
(decomp.), was separated. Solvent was d i s t i l l e d from the 
f i l t r a t e and the di-m-tolylmercury, 1.57 gm'. > 91.3$> 
m.p. 9 9 - 1 0 1 ° , mixed m.p. 9 9 - 1 0 1 ° , was separated by ether 
e x t r a c t i o n leaving a residue of more of the d i c h l o r o complex, 
m.p. 2 7 ^ - 2 7 8 ° , 1.20 gm. I n a l l 3 .3^ gm., 9 3 A $ , d i c h l o r o 
complex was recovered. 

Reaction of phenylmercurie n i t r a t e 
and triphenylphosphine 

Triphenylphosphine O A gm. ) i n acetone (20 ml.) was 
added t o a s o l u t i o n of phenylmercuric n i t r a t e (1 .8 gm., 1 mol.) 
i n acetone (65 ml.) and the mixture allowed t o remain at room 
temperature f o r a week. The c o l o u r l e s s prisms which slowly 
formed were c o l l e c t e d and found to be d i n i t r a t o b i ' s t r i p h e n y l -
phosphinemercury, (Ph^P^HgCNO^g, (0 .70 gm., 22$) , m.p. 190° 

(Found: C, 50.5; H, 3 . 6 . C ^ H ^ H g N ^ ^ requires C, 50 .9 ; 

H, 3 . 6 $ ) . I n another experiment the phosphine ( 1 A gm. 1 mol.) 
i n acetone (10 ml.) was added t o phenylmercuric n i t r a t e (1 .8gm.) 

i n acetone (65 m l . ) . The s o l u t i o n was immediately 
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concentrated t o a volume of about 50 ml. by evaporation under 
reduced pressure, when the d i n i t r a t o complex ( 0 . 6 gm. 20$) 
c r y s t a l l i s e d . (Found: C, 50.6; H, 3 .7$ . The i n f r a - r e d 
spectrum was i d e n t i c a l w i t h t h a t of the e a r l i e r p r e p a r a t i o n 
and to an authentic specimen). 

Din i t r a t o b l s t r i p h e n y l p h o s p h i n e m e r c u r y 
Triphenylphosphine (3 .9 gm., 1 mol.) was added to basic 

mercuric n i t r a t e (^.3 gm.) i n d i l u t e (2N) n i t r i c acid (20 ml.) 
and acetone (200 ml.) and the s o l u t i o n was shaken. On 
standing overnight small c o l o u r l e s s c r y s t a l s of the d i n i t r a t o 
complex, m.p. 188-189 0 were deposited. (Found: G, 50.8; 

H, 3 . 6 . G 3 6 H 3 0 H g N 2 ° 6 P 2 r e t l u l r e s G> 50.9; H, 3 . 6 $ ) . 

Thermal decomposition of 
methyl(phenyldimethylphosphine)mercury i o d i d e 
The s a l t (1.1322 gm.) was weighed under n i t r o g e n i n t o a 

25 ml. two-neck f l a s k , f i t t e d w i t h a p o r o s i t y 3 s i n t e r e d - d i s c 
t o prevent subsequent loss by sublimation, and attached to a 
vacuum l i n e s u i t a b l e f o r the q u a n t i t a t i v e manipulation of 
v o l a t i l e substances. The f l a s k was then evacuated and heated 
to 80° by an o i l bath. A f t e r 30 minutes the c r y s t a l l i n e s a l t 
had l i q u i f i e d t o a viscous melt ( i . e . below i t s m e l t i n g p o i n t 
o f 107°) which bubbled g e n t l y as dimethylmercury was slowly 
evolved. When, a f t e r a f u r t h e r 30 minutes, the e v o l u t i o n 
of dimethylmercury had apparently ceased, the v o l a t i l e 
m a t e r i a l (0.2'+78 gm.) was condensed i n t o a V-tube and the 
residue (0.8856 gm.) was also weighed. The compounds were 
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returned t o the vacuum, l i n e and heating at 80° was continued 
f o r a f u r t h e r h hours r e s u l t i n g i n a small loss i n weight of 
the residue. The pale yellow viscous residue (0.8809 gm.), 
which s o l i d i f i e d on standing overnight at room temperature, 
was d i s s o l v e d i n hot methanol (30 ml.) and on co o l i n g y i e l d e d 
c olourless needles of di-iodobisphenyldimethylphosphinemercury 
m.p. 1 2 0 - 1 2 1 ° , mixed m.p. 1 2 0 - 1 2 1 ° . (Found: C, 2 6 A ; H, 2 . 9 . 
Calc. f o r C 1^K 2 2HgI 2P ?: C, 26 .3 ; H, 3 . 0 $ ) . The v o l a t i l e 
m a t e r i a l from the p y r o l y s i s was condensed on an excess o f 
methyliodide which on warming to room temperature, and standing 
f o r 30 minutes y i e l d e d trimethylphenylphosphonium i o d i d e 
(0.0^-36 gm. ) derived from the correspondingly small amount of 
phenyldimethylphosphine (0.0215 gm.) present. The remaining 
dimethyimercury, together w i t h the excess methyl i o d i d e , was 
condensed i n t o 0.IN i o d i n e s o l u t i o n (50 ml.) and allowed t o 
remain overnight at room temperature. The s o l u t i o n was then 
g e n t l y b o i l e d w i t h r e f l u x f o r 3 hours and on coo l i n g the excess 
io d i n e was determined by t i t r a t i o n w i t h standard t h i o s u l p h a t e 
s o l u t i o n . The weight of dimethyimercury amounted t o 0.2303 gm. 
(85$ of the t h e o r e t i c a l f o r complete d i s p r o p o r t i o n a t i o n ) . 

Di-iodobisphenyldimethylphosphinemercury 
A d d i t i o n o f phosphine (2 ml., excess over 2 mol.) i n 

methanol (25 ml.) to mercuric i o d i d e (2 gm.) i n methanol 
C+5 ml.) caused an immediate ye l l o w p r e c i p i t a t e which 
re d i s s o l v e d on complete a d d i t i o n of the phosphine s o l u t i o n on 
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warming. On cooling the d i - i o d o complex c r y s t a l l i s e d as 
col o u r l e s s needles, m.p. 121-122°C l i t . 2 2 m.p. 115-7C° 
(Found: C, 26.3; H, 3 . 2 . Gale, f o r C ^ H ^ H g l , ^ : 
C, 26 .2 ; H, 3 -0$ ) . 

Reaction of diphenylmercury and 
dichlorobistriphenylphosphinemercury 

The d i c h l o r o complex (1 .16 gm.) was added t o a s o l u t i o n 
o f diphenylmercury (0.5188 gm., 1 mol.) i n a h:1 acetone/water 
s o l u t i o n (150 m l . ) . The d i c h l o r o complex d i d not di s s o l v e 
appreciably and the s o l u t i o n was vi g o r o u s l y s t i r r e d f o r h hours. 
A f t e r t h i s time the white i n s o l u b l e m a t e r i a l (O .96 gm.) was 
f i l t e r e d from the s o l u t i o n and washed w i t h acetone, m.p.275° 

mixed m.p. w i t h s t a r t i n g m a t e r i a l 27!?°. 

The above r e a c t i o n was repeated i n aqueous dioxan. 
Diphenylmercury (0.5*+*+- gm. ) was added to the d i c h l o r o complex 
(1.131 gm., 1 mol.) i n h: 1 dioxan/water s o l u t i o n (^k]•\• m l . ) . 
The s o l u t i o n was s t i r r e d v i g o r o u s l y f o r 30 minutes a f t e r which 
time a l l the s o l i d had dissolved. S t i r r i n g was continued f o r 
an hour and the clear s o l u t i o n allowed to stand overnight. 
The s o l u t i o n was then d i s t i l l e d t o a volume of ho ml., and 
on cooling deposited phenylmercuric c h l o r i d e (0.571 gm., 59.5$) 

m.p. 25^° as pe a r l y p l a t e s . A f t e r removing the c r y s t a l l i n e 
m a t e r i a l the s o l u t i o n was concentrated t o about 5 ml. and the 
phenylmercuric c h l o r i d e (0 .3^5 gm., 35-9$)? m.p. 2 l +6-253° J was 
removed. On f u r t h e r concentration a syrup was obtained which 
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c r y s t a l l i s e d overnight y i e l d i n g l a r g e c o l o u r l e s s needles of 
triphenylphosphine oxide (0 .05 gm. ) m.p. 1 53-1 5^+°j l i t . 
m.p. 153° The i n f r a - r e d spectrum was i d e n t i c a l t o t h a t of 
an authentic sample. 

As commercial dioxan had been used without p u r i f i c a t i o n 
as solvent i t was possible t h a t i m p u r i t i e s i n i t were 
r e a c t i n g w i t h the s t a r t i n g m a t e r i a l causing i t to d i s s o l v e . 
The d i c h l o r o complex (0.518 gm.) was added t o a >+: 1 dioxan/ 
water s o l u t i o n (66 ml.) and a f t e r vigorous s t i r r i n g f o r 
2 hours i t had completely dissolved. 
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CONDUCTIMSTRIG EXPERIMENTS 
Determination of the c e l l constant 

This was evaluated by conductance measurements on a 
s o l u t i o n of 0.01N potassium c h l o r i d e s o l u t i o n made up by 
weight t o contain 0.37275 gm. s a l t i n d i s t i l l e d water (500 ml.) 
The s o l u t i o n (20 ml.) was placed i n the c e l l which had 
p r e v i o u s l y been purged w i t h n i t r o g e n and allowed t o stand i n 
the thermostat f o r two hours. A f t e r t h i s p e r i o d the 
resistance of the s o l u t i o n was measured and t h i s value showed 
no change over a f u r t h e r hour. The determination was repeated 
w i t h 0 .005 N potassium c h l o r i d e , from d i l u t i o n o f the stock 
s o l u t i o n , and the resistance of the s o l u t i o n again measured. 

Resistance, R, of 0.01NKC1 = 1.011 x 1 0 2 ohm 
Resistance, R, of 0.005NKC1 = 1.99 x 10 2 ohm 
At 25° A , equivalent 
conductance, of 0.01NKC1 1 1 7 = t M . 2 7 ohm"1 cm.2 

and A f o r 0.005NKC1 1 1 7 = 1^3-55 ohm - 1 cm.2 

As K, s p e c i f i c conductance, = i. . 1 ohm - 1 cm ~ 1 

a R 
where J; i s "the c e l l constant 

then 1 = K,R where K„ i s the s p e c i f i c conductance a o o o ^ 
of the s o l u t i o n and RQ i s the measured r e s i s t a n c e . 

I n 0.01NKC1 i = m-1.27 x 1.011 x 10 2 x 10"^ = O.l^cm;' 

I n 0.005NKC1 I = A 3 . 5 5 x 1.99 x 10 2 x 10"^ = ° « 1 ^3 cm:' 
a 

The c e l l constant, X = 0.1^3 cm."' 
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During t h i s work two conductance c e l l s were used and 

the c e l l constant given above p e r t a i n s to the one used i n 

the l a t e r experiments. The c e l l constant of the c e l l used 

i n the e a r l i e r experiments was determined i n an analogous 

way and was found to be 0 .169 cm:1 

Conductance of methyImercurie 
c h l o r i d e i n methanol 

Methylmercuric c h l o r i d e ( 0 . 2 3 1 6 gm.) was d i s s o l v e d i n 

methanol (100 ml.) to give a 0 .00920 M s o l u t i o n . Methanol 

(20 ml.) was placed i n the purged c e l l and a f t e r one hour i n 

the thermostat the r e s i s t a n c e of the pure solvent was measured. 

Methylmercuric c h l o r i d e s o l u t i o n was run i n from a grade 'A1 

burette and a f t e r a d d i t i o n of each a l i q u o t the c e l l was shaken 

and allowed to stand 20 minutes to e q u i l i b r a t e to 2 5 ° before 

the r e s i s t a n c e was measured. I t was subsequently found t h a t 

the v a r i a t i o n i n r e s i s t a n c e on standing t h i s length of time 

was i n s i g n i f i c a n t and measurements could be taken immediately 

a f t e r mixing the s o l u t i o n . The change of s p e c i f i c 

conductance w i t h concentration was c a l c u l a t e d from the 

r e s u l t s t a b u l a t e d on the fol l o w i n g page. 
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TABLE V I I 
Conductance of MeHgCl i n methanol 

Volume MeHgCl s o l u t i o n 
added (ml.) 

R e s i s t a n c e 
(ohm) K x 10"^ohm"1 cmT1 

0.00 7,320 2.309 
1.00 7,250 2.331 
2.00 7,200 2 . 3 ^ 
3.00 7,200 2.3*+8 
h.oo 7,2^0 2.33^ 
5.00 7,200 2 . 3 ^ 

18.50 7,200 2.3^8 

The s p e c i f i c conductance of methylmercurie c h l o r i d e of 

2.3'+ x 10 ''ohm cm d i d not vary w i t h d i l u t i o n over the 

range observed and was not l i k e l y to be a s i g n i f i c a n t 

c o n t r i b u t i o n to the s p e c i f i c conductance of any s a l t formed 

i n subsequent r e a c t i o n s . 

The s p e c i f i c conductance of a 0.0209 M methanolic 

s o l u t i o n of triphenylphosphine was s i m i l a r l y found to be 

2.028 x 10"^ohm"1cm.~1 

Conductimetric t i t r a t i o n of methylmercurie 
c h l o r i d e a g a i n s t triphenylphosphine i n methanol 

Methanolic methylmercuric c h l o r i d e s o l u t i o n (20 ml., 

0.0092M) was placed i n the c e l l and methanolic t r i p h e n y l ­

phosphine s o l u t i o n (0.0209M) put i n the b u r e t t e . The 

phosphine s o l u t i o n was run i n from the b u r e t t e i n approximately 
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1 ml. a l i q u o t s . A f t e r each a d d i t i o n the c e l l was shaken to 
give a homogenous s o l u t i o n and the r e s u l t i n g r e s i s t a n c e of the 
s o l u t i o n was measured. The reading was checked and then a 
f u r t h e r a l i q u o t of triphenylphosphine s o l u t i o n was added. 
I n t h i s way complete t i t r a t i o n s were c a r r i e d out i n a 
reasonably short period of time minimising any change i n 
conductance r e s u l t i n g from a slow d i s p r o p o r t i o n a t i o n r e a c t i o n . 
The t i t r a t i o n was continued u n t i l the conductance of the 
s o l u t i o n passed through a maximum. The concentration of 
triphenylphosphine i n s o l u t i o n and the corresponding 
s p e c i f i c conductance v a l u e s were c a l c u l a t e d and p l o t t e d 
a g a i n s t each other. The r e s u l t s obtained are t a b u l a t e d 
on the f o l l o w i n g page. 
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TABLE V I I I 

20 ml. of 0.0092M MeHgCl s o l u t i o n i n c e l l . C e l l constant = 0.169 

Conductimetric t i t r a t i o n of PPh-, with MeHgCl i n methanol 

Vol.PPh^ s o l u t i o n 

added (ml.) 

conc.C x10~^ 

( m o l e . l i t " 1 ) 
R - 10(ohm) K x 10 •'ohm 'cm. 

0.00 0.00 6,300 2.68 

1.00 0.995 2,710 6.24 
2.00 1.900 1,920 8.80 
3-00 2.726 1,530 11.05 
4 .00 3.483 1,350 12.52 
5.00 ^ . 180 1,220 13.86 

6.00 4.823 1,150 14 .70 
7.00 5.419 1,100 15.37 
8.00 5-971 1.070 15.80 
9.00 6.486 1,040 16.25 

10.00 6.967 1,020 16.57 
11.00 7M6 1,000 16.90 
12.00 7.838 1,000 16.90 
13.00 8.233 1,000 16.90 
14.00 8.606 1,000 16.90 
15.00 8.957 1 ,000 16 .90 
17.00 9.603 1,000 16.90 
20.00 10.450 1 ,000 16.90 
25.00 11.611 1,025 16.49 

The maximum s p e c i f i c conductance, K, of the s o l u t i o n of 

16.9 x10"^ohm"1cm"1 was a t t a i n e d i n a s o l u t i o n 0.007416M i n 

triphenylphosphine and 0.00593M I n methylmercuric c h l o r i d e . 

The molar equivalence point was a f t e r a d d i t i o n of 8.80 ml. of 
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phosphine s o l u t i o n . Maximum conductance occurred a t a molar 
r a t i o of phosphine to m e r c u r i a l of 1s1 . 2 5 . 

Conductimetric t i t r a t i o n of methylmercuric 

bromide a g a i n s t triphenylphosphine i n methanol 

Methanolic triphenylphosphine ( 0.022#8M) was t i t r a t e d from 

a b u r e t t e a g a i n s t methanolic methylmercuric bromide (20 ml., 

0.00987M) i n the c e l l i n a s i m i l a r manner to th a t d e s c r i b e d 

f o r the c h l o r i d e . The concentration of fc^iphenylphosphine 

was p l o t t e d a g a i n s t the s p e c i f i c conductance of the s o l u t i o n 

and the concentration of mercury a t the point of maximum 

conductance was c a l c u l a t e d . 

The maximum s p e c i f i c conductance of the s o l u t i o n of 

7 .35 x 10"^ohm~1cm."1 was a t t a i n e d i n a s o l u t i o n 0.009763M 

i n triphenylphosphine and 0.0056^M i n methylmercuric 

bromide g i v i n g a molar r a t i o of phosphine to m e r c u r i a l of 

1;1 .73« The t h e o r e t i c a l equivalence point was on a d d i t i o n 

of 8 .66 ml. phosphine s o l u t i o n . 
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TABLE I X 

I n c e l l 20 ml. MeHgBr s o l u t i o n (0.00987M). C e l l constant =0.169 

Conductimetric t i t r e a t i o n of PPh 0 a g a i n s t MeHgBr i n methanol 

Vol.PPh^ s o l u t i o n 
added (ml.) 

C x 10"^ 

(mole l i t T ^ ) 
R - 10(ohm) Kx10"5(obm"1cra71 

0.00 0.00 7,270 2.330 
0.50 0.556 6,050 2.793 
1.00 1.085 If, 870 3A71 
2.00 2.071 3,700 ^. 568 
3.00 2.971 3,180 5.315 
^. 00 3.797 2,900 5.828 
5.00 ^.556 2,730 6.190 
6.00 5.257 2,600 6.500 
7.00 5.906 2,520 6.706 
8.00 6.509 2,*+70 6.839 
9.00 7.069 2,lf10 7.003 

10.00 7.593 2,380 7.101 
11.00 8.083 2,350 7.191 
12.00 8.5^3 2,3^0 7.223 
13.00 8.97*+ 2,320 7.28*f 
1*+.00 9.380 2,310 7.317 
15.00 9.763 2,300 7.3^9 
16.00 10.12*f 2,300 7.3^9 
18.00 10.791 2,300 7.3^9 
21.00 11.668 2,300 7.3^9 
2^.00 12A26 2,300 7.3^9 
28.00 13.288 2,3^0 7.223 
32.00 1^.019 2,380 7.101 
36.00 1*f.6¥f 2,MO 7.003 
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Conductimetric t i t r a t i o n of methylmercurie 
iodide a g a i n s t triphenylphosphine i n methanol 

Methanolic triphenylphosphine (0.02278M) was t i t r a t e d 

a g a i n s t methanolic methylmercurie iodide (20 ml., 0.00991M) 

placed i n the c e l l . A p l o t of concentration of phosphine 

a g a i n s t s p e c i f i c conductance was made and the concentration 

of m e r c u r i a l a t the point of maximum conductance evaluated. 

The maximum s p e c i f i c conductance of the s o l u t i o n of 

2.63 x 10"^ohm"^cm.~^ was shown i n a s o l u t i o n 0.0126^ i n 

triphenylphosphine and 0.00^35^ i n methylmercuric i o d i d e 

g i v i n g a molar r a t i o of phosphine to m e r c u r i a l of 1:2.87 a t 

the point of maximum conductance. The molar equivalence 

point was a t t a i n e d a f t e r a d d i t i o n of 8.7 ml. of phosphine 

s o l u t i o n . 
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TABLE X 

C e l l constant = 0.169 

Conductimetric t i t r a t i o n of PPh-> ag a i n s t MeHgl i n methanol 

Vol.PPh^ s o l u t i o n 

added (ml.) 

C x 10~3 

(mole l i t T 1 ) 
R - 10(ohm) k K x 10"5(ohm"1cm"1) 

0.00 0.000 9,350 1.807 
0.50 0.556 8,500 1.988 
1.50 1.589 7,800 2.167 
2.50 2.531 7,*+00 2.281* 
3.50 3.393 7,150 2.363 
5c 00 V.556 6,9 -̂0 2A35 
6.00 5.257 6,8kO 2.*+73 
7.00 5.906 6,750 2.503 
8.00 6.509 6,700 2.523 
9.00 7.070 6,660 2.537 

10.00 7.593 6,610 2.558 
11.00 8.O83 6,600 2.561 
13.00 8.97*+ 6,560 2.576 
15.00 9.763 6,500 2.600 
18.00 10.791; 6,>+50 2.620 
21.00 11.668 6,MK> 2.62^ 
2^.00 12.1*26 6,*+20 2.632 
28.00 13.288 6A30 2.628 
33.00 1*+.l8if 6,lf80 2.607 
38.00 1>+.925 6,520 2.592 
^3.00 15.5W 6,580 2.568 
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V a r i a t i o n of conductance with time 

S o l u t i o n s of organomercuric h a l i d e s and triphenylphosphine 

i n methanol and acetone s o l u t i o n were observed. The formation 

of (PPh^) 2HgX 2 compounds, which c r y s t a l l i s e d from s o l u t i o n s 

c ontaining organomercuric h a l i d e s and triphenylphosphine was 

accompanied by a decrease i n conductance. T h i s was observed 

f o r s e v e r a l systems. 

Methylmercurie c h l o r i d e 
and triphenylphosphine i n methanol 

Methanolic methyihmercuric c h l o r i d e (20 ml., 0.0092M) 

and methanolic triphenylphosphine (20.5 ml., 0.01113M) were 

mixed i n the r a t i o p r e v i o u s l y found to give the maximum 

s p e c i f i c conductance. The s o l u t i o n was placed i n the c e l l 

and v a l u e s of the r e s i s t a n c e were measured over a period of 

hh hours. The conductance of the mixture decreased s l i g h t l y 

i n the f i r s t hour and subsequently remained constant. At 

the c o n c l u s i o n of the experiment a very s m a l l c o l o u r l e s s c r y s t a l 

presumably (PPtu ) p H g C l 9 , had formed i n the s o l u t i o n . 
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TABLE XI 

MeHgCl - PPh-» system. V a r i a t i o n of conductance w i t h time. 

Time (hours) R e s i s t a n c e (ohm) K x 10"5fc>hm"1cm"1) 

0 980 17.25 

* 990 17.07 
1 1000 16.90 

I * 1000 16.90 
18 1000 16 .90 

19 1000 16 .90 
2h 1000 16 .90 
h2 1000 16 .90 

1000 16 .90 

I t i s p o s s i b l e t h a t the two readings i n the f i r s t 30 
minutes a r e of no s i g n i f i c a n c e as the d i f f e r e n c e s from 

16.90 are almost w i t h i n the experimental e r r o r . 

Methylmercuric bromide and 
triphenylphosphine i n methanol 

T h i s system was made up to contain raethylmercurie bromide 

(10 ml., 0.00987M) and triphenylphosphine (15 ml., 0.01113M) 

i n methanol, the r a t i o p r e v i o u s l y found to give maximum 

conductance. The s o l u t i o n was placed i n the c e l l and the 

change of r e s i s t a n c e w i t h time measured. The s p e c i f i c 

conductance of the s o l u t i o n slowly decreased to a constant 

value of if.76 x 10~^ a f t e r 198 hours. C o l o u r l e s s c r y s t a l s 

of dibromobistriphenylphosphinemercury g r a d u a l l y formed i n 

the c e l l and could be observed a f t e r if9 hours. 
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TABLE X I I 

MeHgBr - PPh, system. V a r i a t i o n of conductance with time. 

Time 

(hours) 
R (ohm) 

K x 1 0 " ^ 

ohm"1 cm"1 

Time 

(hours) 
R (ohm) 

K x 10" ? 

ohm"1 cm"1 

Q 2490 6.787 69 3320 5.091 
18 2540 6.655 92 3480 4.856 
22 2600 6.500 117 3540 4.774 
23 2670 6.330 162 3600 4.695 
24 2710 6.236 186 3590 4.708 
25 2750 6.146 198 3550 4.761 
27 2800 6.036 210 3550 4.761 
49 3140 5.383 219 3550 4.761 
50 3180 5.315 282 3550 4.761 
52 3200 5.282 292 3550 4.761 

A graph of s p e c i f i c conductance against time was p l o t t e d . 

m°Tolylmercurie c h l o r i d e and triphenylphosphine i n acetone 

Triphenylphosphine (2.00 gm.) was d i s s o l v e d i n acetone (30ml) 

to give an 0.254M s o l u t i o n . An acetone s o l u t i o n of m - t o l y l -

mercuric c h l o r i d e (0.127M) was made up and 20 Ml. placed i n the 

c e l l . The r e s i s t a n c e of the s o l u t i o n was measured and t r i ­

phenylphosphine s o l u t i o n (10 ml., 1 mol.) was added q u i c k l y by 

p i p e t t e . The c e l l was shaken to give a homogenous s o l u t i o n and 

readings of r e s i s t a n c e w i t h time were noted. The addition, of 

phosphine s o l u t i o n r e s u l t e d i n a r a p i d l a r g e i n c r e a s e i n 

conductance followed a f t e r about £ minute by a steady f a l l as 

dichlorobistriphenylphosphinemercury c r y s t a l l i s e d over a period 

of about s i x minutes. 
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TABLE X I I I 

S p e c i f i c conductance, K, of the G e l l c o n s t a n t = 0 < 1 6 9 

p u r i f i e d acetone = ^.30 x 10 ohm cmT 

V a r i a t i o n of conductance with time of m-MeC^H^HgCl-PPh^ system. 

Time R e s i s t a n c e , K x 10"6 

(mins.) R, (ohm.) (ohm" 1cmT 1) 

0 39000 ^.33 
0.25 12900 13.10 
1.00 12500 13.52 
1.50 13500 12.52 
2.00 13700 12.3^ 
3-00 15100 11.19 
3.50 16800 10.06 
k. 00 18700 9.0*f 
h.50 20200 8.37 
5.00 21500 7.86 
5.50 23300 7.25 
6.00 23800 7.10 
7.00 23800 7.10 
9.00 23800 7.10 

11.00 23800 7.10 
60.00 25000 6.76 
90.00 2*f800 6.81 

120.00 2J+600 6.87 

A graph of s p e c i f i c conductance a g a i n s t time was p l o t t e d . 

A s i m i l a r r e a c t i o n was studied i n methanol using s o l u t i o n s 

which were con s i d e r a b l y more d i l u t e . To triphenylphosphine 

s o l u t i o n (20 ml., 0.0113M, K = 2.633 x 10"^ohm"1cm."1) was 

added a methanolic s o l u t i o n of m-tolylmercuric c h l o r i d e 
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(7 .75 ml., 0.02913M, 1 mol.). The conductance increased 
immediately on mixing the solutions, and the value of specific 
conductance (K = 17.16x10"?ohm~ cmT ) measured w i t h i n about 
ten seconds of mixing the reagent's.; remained unchanged f o r 19 
hours. No disproportionation product was observed to c r y s t a l ­
l i s e from solution during t h i s period. 

m-Tolylmercurie chloride and 
triphenylphosphine i n acetone 

Using the solutions prepared f o r the conductimetric study 
of t h i s reaction a quantitative experiment was carried out 
under similar conditions. Triphenylphosphine (0 .65 gm.) 
i n acetone (10 ml.) was added to m-tolylmercurie chloride 
(O.83 gm., 1 moi.) i n acetone (20 ml.) and the r e s u l t i n g 
solution shaken. Solid material formed i n the solution w i t h i n 
5-10 seconds and p r e c i p i t a t i o n ceased a f t e r about six minutes. 
The solution was f i l t e r e d free of dichlorobistriphehylphosphine-
mercury (0 .59 gm., 59-8%) and evaporated to dryness under 
reduced pressure. The residue was dissolved i n ether and more 
insoluble phosphine complex was isolated (0 .32 gm., 32.k7o). 
On evaporation of ether di-m-tolylmereury (0 .51 gm., 103.5/0, 
m.p. 89-100° , contaminated*, with a trace of the dichloro 
complex xiras obtained 

m-Tolylmercurie bromide and 
triphenylphosphine i n acetone 

Triphenylphosphine solution (10 ml., 0 . 2 5 ^ ) was added 
to an acetone solution of m-tolylmercuric bromide (20 ml . ,0 .127M, 
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1 mol.) placed i n the conductance c e l l and the r e s u l t i n g 
solution shaken. The conductance increased immediately and 
pr e c i p i t a t i o n of the dibromo complex commenced a f t e r about 
20 seconds. The conductance was decreasing by the time of 
the f i r s t reading and f e l l to a steady value a f t e r 2k minutes 
when the c r y s t a l l i s a t i o n of complex also ceased. The results 
obtained are tabulated below and a graph of specific 

conductance against time i s pl o t t e d . 
TABLE XIV 

Variation of conductance with time of m-MeC^H^HgBr-PPh^ system 

Time (mins.) Resistance (ohm) K x 10~ 6(ohnT 1cm~ 1) 

0 77000 2.195 
* 33500 5.0*f6 
1 ^•3000 3.930 

l i 51000 3.313 
2 55ooo 3.073 

56000 3.018 

3 56000 3.018 

3* 56000 3.018 
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Dichlorobistriphenylphosphinemercury and 
di-m-tolylmercury i n methano1 

A saturated methanolic solution of the dichloro complex 
together w i t h some s o l i d material was placed i n the conductance 
c e l l and allowed to stand overnight. The resistance of the 
solution was constant f o r 3 hours before the addition of di-m-
tolylmercury (0.017 gm., i n 5 ml. methanol).. The specific 

, - 1 - 1 
conductance, K, of the mercurial solution was 2.3H- x 10 'ohm cm 
After the addition of di-m-tolylmercury the conductance increased 
rapidly f o r several hours but a f t e r one day the rate of increase 
i n conductance was very slow. 

TABLE XV 
Conductance of (Ph^P) jHgCl,, - (m-MeC^H^)gHg system 

Time (hours) Resistance, K x 10 •'ohm cm. 
RxlO^Xohm) ob. 

0 0.307 if. 66 

£ 0.282 5.07 
1 0.26*1- 5 A 2 

1 * 0.251 5.70 
2 0.2^0 5.96 

0.232 6.17 
3 0.22*f 6.38 

18* 0.1 M5 9.86 
20 0.1 »f3 10.00 
2h 0.1 Vl 10.11* 
^3 0.136 10.52 
90 0.131 11.91 
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Reaction of phenyl(triethylphosphine)mercury n i t r a t e , 
rPhHgPEt-i]N0-3, and sodium bromide 

Sodium bromide (0 .1 gm., s l i g h t excess over 1 mol.) i n 
water (10 ml.) was added to a solution of the n i t r a t e (0.^-3 gm.) 
i n acetone (30 ml.) and the r e s u l t i n g solution was allowed to 
stand overnight. The solution was concentrated to 20 ml. and 
on cooling deposited c r y s t a l l i n e diphenylmercury (0.13 gm.,78$) 

i d e n t i f i e d by mixed m.p. 122°C and i n f r a - r e d spectrum. The 
aqueous-acetone f i l t r a t e was evaporated to dryness under 
reduced pressure and acetone (15 ml.) added to the residue. 
Sodium n i t r a t e (0 .06 gm.) m.p. 305°C was separated by f i l t r a t i o n , 
and evaporation of the f i l t r a t e yielded dibromobistriethyl-
phosphinemercury (0 .19 gm., 68$) , m.p. 158°C, i n f r a - r e d 
spectrum i d e n t i c a l w i th an authentic specimen. 

Reaction of phenyl(triethylphosphine)mercury n i t r a t e and 

The u l t r a - v i o l e t spectrum of the disproportionation 
product (Et rjP) 2HgI 2 i n methanol solution has an absorption 

0 ^ ° maximum centred on 2700A. The region 2 ,000- 3*+00A was 
scanned f o r methanolic solutions of other compounds that could 

v i z . NaNÔ , Nal, PEt^, PhgHg and PhHgl. Only phenylmercuric 
iodide had a s l i g h t absorption at 2700A, approximately 5% of 
that obtained i n (Et^P^Hglg at similar concentration. 

n o 
Measurement of o p t i c a l density of the di-iodo complex at 2800A, 
however, was completely free from any interference. 

sodium iodide i n methanol 

possibly r e s u l t from the addition of sodium to [PhHgPEtJNO 
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Methanolic solutions of t h i s complex obey Beer's law at 
the concentrations studied. 

TABLE XVI 
Optical density and ex t i n c t i o n 
c o - e f f i c i e n t s of (Et-JP) rHgI r 

(PEt 3)HgI 2 

(mole l i t " 1 ) 
2700S 2800X (PEt 3)HgI 2 

(mole l i t " 1 ) Opt.Den. E Opt.Den. E 

3 . ^ 1 x 10 " * 0.373 10,720 0.326 9,365 

2.321 x10~5 0.21+8 10,690 0.219. 

1.161 x 1 0 " 5 0.12^- 10,690 0.110 9,^-70 

Spectra were recorded on an Optica G.F.M-.D.R. double-beam 
recording spectrophotometer using spectral grade methanol as 
solvent i n 1 cm. s i l i c a c e l l s . Sodium iodide (5. I+0 x 10"^mole) 
i n methanol (0 .10 ml.), [PhHgPEt^]NO^ (M-.72 x 10" 7mole) i n 
methanol (0 .10 ml.) and methanol (M-.80 ml.) were mixed and 
the r e s u l t i n g solution quickly transferred to the spectrometer. 
The o p t i c a l density at 2800& rose r a p i d l y at f i r s t and then 
became constant a f t e r 30 minutes at room temperature (ca. 25°) 

at a value corresponding to 8h.5% towards completion of the 
reaction: [PhHgPEt 3]N0 3 + Nal Ph2Hg + K E t 3 P ) 2 H g I 2 + 
NaN0 3 > Within h minutes of mixing the reactants the 
concentration of di-iodide had reached 7^*5% of i t s equilibrium 
value. The r e v e r s i b i l i t y of the reaction was shown by adding 
diphenylmercury to a methanol solution ( o r i g i n a l l y containing 
10.81 x 10"5 mole l i t r e " 1 Nal and 9.h2 x 10"^ mole l i t r e " 1 
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[PhHgPEt3] N0 3) and measuring the concentration of (Et^P^Hg^ 
o p t i c a l l y a f t e r the elapse of one hour. As the concentration 
of diphenylmercury was raised to 3 . 8 , 7 . 5 , 11.0, 18.6 and 
368 x 10"5 mole l i t r e " 1 , that of ( P E t 3 ) 2 H g I 2 f e l l to 3 .83 , 

3-72, 3-39, 3.33 and 1.83 x 1 0 " 5 mole l i t r e " 1 . 

ANALYTICAL METHODS 

The methods of analysis used to determine the content of 
mercury, carbon and hydrogen, chromium and anions such as halides, 
perchlorate and tetrafluoroborate are described. The d i f f i c u l t i e s 
of obtaining a satisfactory method f o r mercury determination and 
the interference of t h i s element i n combustion analyses are 
discussed. 

Mercury 
Mercury i s completely v o l a t i l i z e d vrtien i t s compounds are 

burnt and p a r t i a l l y v o l a t i l i z e d when solutions containing mercury 
sa l t s , p a r t i c u l a r l y the chloride and organic derivatives, are 
evaporated or boiled. The loss of mercury on evaporating to 
dryness a solution of mercuric chloride can amount to h0% i n a 
large dish. The extent of loss i s less on b o i l i n g and amounted 
to 2.2 mg. of the chloride from a solution containing \% of 
mercuric chloride on d i s t i l l i n g 150 ml. of water from 300 ml. of 

11 ft 

solution i n IfO minutes. Prevention of mercury-loss by 
v o l a t i l i z a t i o n i s thus very important i n the decomposition of 
mercury compounds as several methods involve heating the 
mercury-containing solution. 
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Methods of decomposition 
There are four important methods by which mercury-

containing compounds can be decomposed. D i s t i l l a t i o n w i t h 
lime liberates mercury d i r e c t l y and i t can be weighed by 
absorption onto gold f o i l or dissolved i n n i t r i c acid and 

determined by thiocyanate t i t r a t i o n . Although a useful 
119 

method f o r micro-determinations 7 i t does not appear to be 
120 

satisfactory on a larger scale. Wet decomposition of the 
mercury-containing compound with strong acids or l i q u i d 
bromine and reduction with zinc are of more general application. 
The d i f f i c u l t y w i t h these methods l i e s i n the l i m i t a t i o n s they 
impose on the f i n a l method of determination used. Combustion 
of the sample i n oxygen followed by digestion with n i t r i c 
acid i s also l i m i t e d by the same considerations. The 
four methods are shown schematically i n Table XVII. 
Wet Decomposition 

Decomposition of methylmercurie chloride by b o i l i n g under 
r e f l u x with concentrated n i t r i c and sulphuric acids respectively 
or a mixture of these reagents followed by determination of 
mercury content by thiocyanate t i t r a t i o n resulted i n low 
results which were not reproducible. The .solutions were 
refluxed f o r up to three hours but i t i s possible that 
decomposition was not complete. Loss of mercurial from the 
top of the condenser could not be detected by addition of a 
drop of d i l u t e bromine solution (the bromine colouration was 
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TABLE XVII 
Methods of decomposing organomercury compounds. 

Method s;of treatment Form i n which 
Hg i s liberated 

Comments 

D i s t i l l a t i o n with lime Metallic Hg 
Wet decomposition 

a) H2S0^/HN03 Hg 2 + Acid digestion 

b) HgSÔ /KNÔ  Hg 2 + can be very 

c) HNÔ  Hg 2 + slow depending 

d) 3^1-^80^/^^^ Hg 2 4 upon the 

e) HC1 Hg 2 + mercurial. 

f ) Liquid Br 2 Hg 2 + Bromine decomposition 

Br 2/water Hg 2 + i s rapid and of 

Br 2/acetic acid Hg 2 + general application. 

Reduction 
a) Zn/water Zn/Hg Zn wool i s 

b) Zn/HpSO^ Zn/Hg superior to Zn 

c) Zn/CHOOH Zn/Hg powder. 

Oxygen combustion 

0p/HN0^ digestion Hg 2 + Gives product free 
of halogen. 
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not.:idestroyed) to an e x i t bubbler f i t t e d to the top of the 
condenser throughout r e f l u x but a smell of "methylraercury" 
was discernable. Incomplete removal of halide could also 
account f o r the observed results but as other methods of 
decomposition were found to be superior the problem was not 
pursued. 

Bromine decomposition 
Decomposition by bromine, bromine-water, or bromine 

dissolved i n acetic acid was found to be rapid and generally 
applicable to a l l mercurials used. The sample was weighed 
i n a small glass boat and transferred i n the boat to a beaker 
covered with an evaporating basin containing ice to prevent 
loss of mercury by v o l a t i l i z a t i o n . Bromine (ca. 5 ml.) was 
c a r e f u l l y poured over the sample and allowed to react f o r 
10 minutes. Water (ca. 20 ml.) was added and the bromine 
removed by b o i l i n g the solution u n t i l i t was colourless. 
Complete decomposition of the organomercury compound was 
achieved i n t h i s way and an aqueous solution of mercuric 
bromide obtained. 
Reduction 

Amalgamation w i t h zinc has the advantage of rendering the 
mercury free from halogen and i n a satisfactory state f o r 
determination by thiocyanate t i t r a t i o n . Analyses using zinc 
dust for the determination of mercury i n dry mercuric chloride 
(Anala R standard) produced low r e s u l t s . (Found: Hg, 70 .7 , 

7 1 . 5 , 69 .3 , 7 2 . 2 , 7 2 . 1 . Calc. f o r HgCl 2: Hg, 7 3 . 9 $ ) . 
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Variations of the basic method were employed but the 
the o r e t i c a l content could not be achieved. Zinc dust was 
added to the sample i n water, acetic or d i l u t e hydrochloric 
acid respectively u n t i l a considerable excess of zinc was 
present. The solution was allowed to stand several hours, 
or i n some cases was refluxed f o r 30 minutes, f i n e l y ground 
s i l i c a gal was added to pr e c i p i t a t e any c o l l o i d a l mercury 
and the amalgam washed by decantation through a Gooch crucible 
prepared by l i n i n g itfith a t h i c k pad of asbestos covered with 
a layer of s i l i c a gel. When the f i l t r a t e was no longer acid 
to litmus the asbestos pad was added to the amalgam i n a beaker 
and d i l u t e (IN) n i t r i c acid added. When action ceased, 
concentrated n i t r i c acid was added and the solution warmed 
u n t i l a l l the mercury had dissolved. Permanganate solution 
was added u n t i l a permanent pink colour was obtained and excess 
removed with aqueous hydrogen peroxide. The solution was 
then t i t r a t e d with thiocyanate solution. I n many cases the 
sol i d material made detection of the end point d i f f i c u l t but 
i n those determinations vrtiich gave a sharp end point low 
values were recorded. 

A more satisfactory method was to use zinc wool i n place 
of powder, which led to a simpler procedure. The zinc wool 
and mercury-containing sample were refluxed i n water f o r an 
hour. (The mercurial did not have to be i n sol u t i o n ) . 
F i l t r a t i o n by Buchner funnel through two Whatman No. *+0 f i l t e r 
papers followed by washing with water yielded the amalgam. 
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With zinc wool the danger of loss of amalgam was considerably-
smaller than i n the case of zinc powder. The amalgam and 
f i l t e r papers were dissolved i n n i t r i c acid i n a small fla s k 
f i t t e d w i t h a r e f l u x water condenser and the r e s u l t i n g 
solution f i l t e r e d through a sintered glass disc. Treatment 
with permanganate and hydrogen peroxide followed by t i t r a t i o n 
w i t h thiocyanate gave acceptable re s u l t s . 
Oxygen combustion 

The apparatus used i s shown i n f i g . ( v i i i ) . The f l a s k 
vras purged with oxygen and concentrated n i t r i c acid (ca. 10 nub.) 
introduced. Samples were weighed i n g e l a t i n capsules and 
placed i n the platinum-wire basket. A fuse of f i l t e r paper 
was attached to the capsule and the fuse i g n i t e d . The 
stopper carrying the basket was quickly put i n the f l a s k and 
the apparatus t i g h t l y held. The capsule and mercurial were 
burnt i n t h i s way and a f t e r r e f l u x i n g the n i t r i c acid solution 
f o r 30 minutes the sample was ready f o r determination by one 
of the f i n i s h i n g methods. This rapid method of determination 
was accurate i n most cases but f a i l e d when iodide was present. 
Attempts to analyse (Et^P) 2HgI 2 and ( P h ^ g H g ^ by combustion 
were unsuccessful as an insoluble s o l i d was obtained at the . 
stage of digestion with n i t r i c acid. 

Methods of determination of mercury content 
Many methods are described i n the chemical l i t e r a t u r e f o r 

the determination of mercury but a volumetric method, 
p a r t i c u l a r l y thiocyanate t i t r a t i o n , i s preferable as 
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gravimetric methods tend to be lengthy. The method of 
decomposition of the mercurial i s , however, a very important 
factor and sometimes excludes certain methods of determination. 
Thus, compounds decomposed by wet decomposition or oxygen-flask 
combustion methods are unsuitable f o r determination by t h i o -
cyanate t i t r a t i o n , as i f the sample contains iodine or to a 
lesser degree bromine these halogens are d i f f i c u l t to remove 
without v o l a t i l i z a t i o n of mercury and they i n t e r f e r e w i t h the 
volumetric analysis ©ethod. For t h i s reason one of the 
'f i n i s h i n g ' methods used i n mercury analysis was a gravimetric 
determination which could be carried out i n the presence of 
halide as i t involved the p r e c i p i t a t i o n of mercuric reineckate 
from aqueous solution. The other two methods of analysis 
used were volumetric and involved thiocyanate and S.D.T.A. 
t i t r a t i o n s . 

Gravlmetrically as reineckate 
Ammonium tetrathiocyanatodiamine chromate, Reinecke's 

s a l t , was r e c r y s t a l l i s e d as described e a r l i e r i n t h i s section. 
A quantity of material to be analysed w i t h a mercury content 
of less than 50 mg. was weighed i n a small glass boat and 
decomposed by the bromine method. When the bromine had been 
boiled from solution sodium metabisulphite was added u n t i l the 
colour of bromine disappeared completely and the solution 
became colourless. The volume was made up to about 300 ml. 
wit h d i s t i l l e d water and hydrochloric acid was added u n t i l the 
solution was approximately 0.5N i n HC1. The solution was 
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warmed to 6 0 ° , removed from the source of heat and a cold 
aqueous s o l u t i o n (25ml.) of ammonium r e i n e c k a t e ( c a . 0 . 5 gnO 
was slowly added from a dropping funnel w i t h continuous 
s t i r r i n g of the mercury s o l u t i o n . A p a l e pink f l o c c u l e n t 
p r e c i p i t a t e of mercuric r e i n e c k a t e was formed and when a l l of 
the Reinecke s a l t had been added the s o l u t i o n was allowed to 
cool f o r 10 minutes. A Gooch c r u c i b l e w i t h a p o r o s i t y h 
s i n t e r e d g l a s s d i s c was used to c o l l e c t the p r e c i p i t a t e . 
The c r u c i b l e was washed with hot water and methanol, d r i e d 
i n an oven a t 110° for h5 minutes, cooled f o r 30 minutes i n 
a d e s i c c a t o r and weighed a f t e r 5 minutes on the balance pan. 
The mercuric r e i n e c k a t e was c o l l e c t e d on the c r u c i b l e by 
f i l t r a t i o n under su c t i o n , washed with hot water and methanol 
and weighed a f t e r drying i n the same manner as t h a t described 
f o r the empty c r u c i b l e . The percentage of mercury i n the 
compound" was c a l c u l a t e d and determinations were done i n 
d u p l i c a t e and t r i p l i c a t e . I n a l l a determination took 2 hours. 

O c c a s i o n a l l y only a very sparse p r e c i p i t a t e was obtained 

due to the s o l u t i o n being too hot on a d d i t i o n of the ammonium 

s a l t . The method gave e r r a t i c r e s u l t s i n the presence of 

iodide and could not be used f o r io d i n e - c o n t a i n i n g compounds 

A f u r t h e r drawback of the method was the formation of o i l y 

bromination products from compounds containing aromatic 

groups such as triphenylphosphine and - a r s i n e on i n i t i a l 

decomposition. Decomposition of [MeHgAsPh^]ClO^ w i t h bromine 

and subsequent treatment of the s o l u t i o n w i t h ammonium 
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r e i n e c k a t e gave only a t r a c e of mercuric r e i n e c k a t e along 
w i t h a c o l o u r l e s s p r e c i p i t a t e which was s o l u b l e i n methanol. 
The o r i g i n a l complex had not apparently been destroyed 
completely by treatment with bromine. 

TABLE X V I I I 

Determination of Mercury by the r e i n e c k a t e method 

Compound Required Hg# Found Eg% 

H g C l 2 73.9 73 A, 72.9, 7^.6, 

MeHgBr 67.9 66.7, 68.3, 67.1, 68.7 

[MeHgPEt 3] CI 5^.3 53-2, 
[MeHgPEt^ClO^ h6.3 **6. if, h6.5 

[MeHgPPhJciO^ 3^.7 3 » K 6 , 3^.6 

[MeHgPMe^ClO^ 51.3 ^9.9, 50.0 

[MeHgAsEt 3]ciO l f k2.o ^1.3, »f 1.5 

E.D.T.A. t i t r a t i o n 

T i t r a t i o n w i t h E.D.T.A. i s a s a t i s f a c t o r y method f o r the 

determination of mercury i n the absence of i n t e r f e r i n g m a t e r i a l 

such as z i n c . I t i s obv i o u s l y not s u i t a b l e i f the m e r c u r i a l 

has been decomposed by r e d u c t i o n w i t h z i n c but can be used 

to f i n i s h wet decomposition or p r e f e r a b l y oxygen combustion 

methods. 

I n a determination the mercury-containing s o l u t i o n was 

made up to a known volume and an a l i q u o t t i t r a t e d w ith sodium 

hydroxide s o l u t i o n to pH *f.5 using B.D.H. !+.5 as i n d i c a t o r . 
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F u r t h e r a l i q u o t s of the s o l u t i o n were s i m i l a r l y t r e a t e d and 
brought to pH *f.5 omitting the i n d i c a t o r . At t h i s point 
hexamine ( 0 . ? gm.) was added as a bu f f e r and four drops of 
x y l e n o l orange as i n d i c a t o r . The s o l u t i o n was t i t r a t e d w i t h 
standard E.D.T.A. to the end point shown by a colour change 
from red to yellow. The mercury content was then c a l c u l a t e d . 

The pH of the s o l u t i o n was c r i t i c a l and s l i g h t e r r o r s i n 

the t i t r a t i o n w i t h sodium hydroxide caused considerable 

v a r i a t i o n i n the E.D.T.A. t i t r e . The x y l e n o l orange could 

be screened with B.D. H. ^.5> enabling a c c u r a t e adjustment 

of pH f o r each t i t r a t i o n . T h i s , however, d e t r a c t e d s l i g h t l y 

from the end point g i v i n g a colour change from mauve to grey. 

The presence of bromide i n the s o l u t i o n made the end point l e s s 

d i s t i n c t thus l i m i t i n g the a p p l i c a t i o n of the method. 

Organomercury complex s a l t s other than bromide and i o d i d e gave 

s a t i s f a c t o r y r e s u l t s and coupled w i t h an oxygen combustion 

decomposition t h i s i s a r a p i d method f o r the determination 

of mercury. 

Thiocyanate t i t r a t i o n 

T h i s was c a r r i e d out as d e s c r i b e d i n the l i t e r a t u r e using 

f e r r i c alum as i n d i c a t o r . I t i s an a c c u r a t e method but f a i l s 

i n the presence of h a l i d e which c o n s t i t u t e s the c h i e f drawback. 

I t was not s u i t a b l e t h e r e f o r e as a f i n i s h i n g method f o l l o w i n g 

bromine decomposition nor a f t e r an oxygen combustion when the 

compound contained bromide or i o d i d e . The only general 

decomposition method, by amalgamation w i t h z i n c , was however, 
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r e a d i l y completed by a thiocyanate t i t r a t i o n . E.D.T.A. of 
course was not a p p l i c a b l e to determination of z i n c amalgams. 
A complete determination of mercury content i n an organo-
mercury sample by amalgamation with z i n c and thiocyanate 
t i t r a t i o n took i n a l l about two hours. 

Summary of methods of mercury a n a l y s i s 

S e v e r a l methods are a v a i l a b l e f o r the decomposition and 

subsequent determination of mercury i n organomercury compounds. 

The " f i n i s h i n g 1 method used i s f r e q u e n t l y dependent upon the 

way i n which the m e r c u r i a l was decomposed. Only combustion, 

reduc t i o n by amalgamation with z i n c , and r e a c t i o n w i t h bromine 

were found to decompose the organomercury compounds 

s a t i s f a c t o r i l y and these methods, among others, are s e t out 

i n Table X V I I . 

I n t e r f e r e n c e i n the a c t u a l determination of mercury arose 

from the presence of organic m a t e r i a l i n the case of E.D.T.A. 

t i t r a t i o n s but t h i s could be overcome by fuming the s o l u t i o n 

containing added concentrated n i t r i c a c i d almost to dryness. 

The most general i n t e r f e r i n g s p e c i e s was h a l i d e i on and t h i s 

r e s u l t e d i n poor end p o i n t s . I n t h i s r e s p e c t the g r a v i m e t r i c 

determination of mercury by r e i n e c k a t e p r e c i p i t a t e was 

advantageous as i t was uneffected by c h l o r i d e or bromide and 

the r a p i d bromine decomposition method was used to render the 

mercury i n a s u i t a b l e form. The drawbacks to t h i s p a r t i c u l a r 

method were the o c c a s i o n a l f a i l u r e of the p r e c i p i t a t e to form 
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and the time involved i n drying the c r u c i b l e and p r e c i p i t a t e . 
Decomposition w i t h bromine was a l s o of r e s t r i c t e d a p p l i c a t i o n 
and excluded determinations i n v o l v i n g thiocyanate or E.D.T.A. 
due to the i n t e r f e r i n g bromide introduced. 

Oxygen combustion vras a r a p i d decomposition method very 

w e l l s u i t e d to m e r c u r i a l s t h a t did not contain bromine or 

i o d i n e . Subsequent t i t r a t i o n w i t h thiocyanate provided a 

method of a n a l y s i s f o r mercury which could be c a r r i e d out i n 

30 minutes. I n general thiocyanate was p r e f e r r e d to E.D.T.A. 

t i t r a t i o n s because of the s t r i n g e n t pH requirements of the 

l a t t e r . 

The great advantage of decomposition by amalgamation w i t h 

z i n c l a y i n the a n a l y s i s of i o d i d e s or otherwise d i f f i c u l t 

compounds such as [MeHgAsPh^] ClO^. The mercury was obtained 

i n a s t a t e f r e e from h a l i d e . Due to the presence of excess 

z i n c "E.D.T.A. determination was u n s u i t a b l e and thiocyanate 

was used to f i n i s h the method. 

TABLE XIX LJ 

A n a l y s i s scheme f o r mercury 

Method of decomposition Method of determination 

Bromine. 

Zinc amalgam 

Oxygen combustion 

Reineckate p r e c i p i t a t e 

Thiocyanate 

Thiocyanate or E.D T.A. 

The methods of decomposition and determination f a l l n a t u r a l l y 
i n t o p a i r s and are shown i n Table XIX 
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Carbon and hydrogen 

Combustion a n a l y s e s were c a r r i e d out by Mr. T.F. Holmes 

of t h i s department. D i f f i c u l t y was experienced i n the 

course of determining the carbon and hydrogen content of 

mercury-containing compounds due to v o l a t i l i z a t i o n of the 

metal and i t s t r a n s p o r t i n the oxygen flow to the absorption 

t r a i n . I n t h i s way high v a l u e s of hydrogen were always 

obtained and f r e q u e n t l y the determined percentage of carbon 

was a l s o unacceptable. This d i f f i c u l t y has been overcome i n 

slow combustion methods by packing gold wire i n t o the end of 

the combustion tube. However, i n the r a p i d empty tube method 

used i n these l a b o r a t o r i e s , attempts to remove the mercury by 

a b a f f l e of gold f o i l f a i l e d , no doubt due to the high flow 

r a t e and correspondingly short contact time, The mercury was 

f i n a l l y removed by depositing gold on asbestos wool and packing 

t h i s l o o s e l y i n a 'Flaschentrager' tube which was pla.ced between 

the combustion tube and the absorption t r a i n . I n t h i s way 

numerous determinations were c a r r i e d out without i t being 

necessary to regenerate the gold-asbestos which was e a s i l y 

done by heating the tube containing i t i n a fumes cupboard. 

Although there was a r i s k of absorption of water i n the gold 

tube, as t h i s was not heated, such a discrepancy d i d not occur 

i n any of the determinations c a r r i e d out. 

G o l d — a s b e s t o s was prepared by f i r s t heating "Gooch" 

asbestos to 800 -1000°C f o r s e v e r a l hours to remove any organic 

m a t e r i a l . A f t e r cooling, the asbestos was soaked i n an ether 
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s o l u t i o n of gold ( I I I ) bromide and the asbestos so saturated 

was pumped dry. On heating, bromine was r e a d i l y l o s t and 

the gold asbestos was heated a t about 800°C f o r three hours. 

I t was then ready f o r use. 

Determinations of carbon and hydrogen using the gold tube 

to amalgamate w i t h mercury v o l a t i l i z e d on combustion are 

shown i n Table XX. 

The combustion method f o r carbon and hydrogen a n a l y s i s 

could not be ap p l i e d to obtain a simultaneous determination 

of mercury content by weighing the metal amalgamated on the 

gold asbestos. Attempts to do t h i s showed t h a t only a 

v a r i a b l e percentage of t o t a l mercury i n the sample was 

c o l l e c t e d i n the tube containing the asbestos. Examination 

of the boat, which o r i g i n a l l y contained the sample, at the 

termination of the combustion re v e a l e d t h a t some s o l i d 

m a t e r i a l s t i l l remained. Apart from t h i s p o s s i b l e source 

of l o s s , mercury vapour a l s o condensed on emerging from the 

furnace before entering the absorption t r a i n thus rendering a 

q u a n t i t a t i v e recovery impossible. 

Chromium 

Approximately O A gm. complex was weighed a c c u r a t e l y , 

concentrated s u l p h u r i c (20 ml.) and n i t r i c (k ml.) a c i d s 

were added, and the s o l u t i o n b o i l e d f o r s e v e r a l minutes. 

A f t e r cooling the s o l u t i o n was d i l u t e d to about 300 mis. and 

again brought to the b o i l . A 2.5% s i l v e r n i t r a t e s o l u t i o n 

( c o n t a i n i n g about 0.01 gm. AgNO-, per 0.01 gm. Cr) was added 
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TABLE XX 

Determination of carbon and hydrogen i n 
mercury-containing compounds 

Compound Molecular 
formula 

Required Found 

[MeHgPMe^] CI C l +H 1 2ClHgP 3.70 1 3.73 

[MeHgPMe2Ph] CI CgH^ClHgP 27.8 3.60 27.5 3-66 

[MeHgPEt^] Br C 7H l gBrHgP 20 = 3 20.5 If. 50 

[MeHgPMe2Ph] I C 9H l l fHgIP 22.5 2.9 k 22.5 2.92 

(EtHgPMe 3]ci C 5H l l +ClHgP 17.6 ^.13 1 7 A »+.23 

[EtHgPEt^Br C 5H | l fBrHgP 22.5 22.5 

[Pr nHgPMe^Cl C 6H l 6ClHgP 20.3 20.2 h.60 

[Pr nHgPMe 2Ph]ci C ^ g C l H g P 31.7 ^.35 31.5 ^f.30 

[BunHgPM_e_3].Cl C 7H l 8ClHgP 22.8 22.7 if.81 

[Bu nHgPMe 2Ph]ci C 1 2H 2 0ClHgP 33. h h.67 3 3 A k.7h 

[BunHgHMe3] I C 7H l 8HgIP 18.25 3-91 18.1 3.86 

[MeHgbipy]N0 3 C 1 l H l 1 H g N 3 0 3 3 0 A 5 2,55 3 0 A 2.55 

[MeHgAsPh^ClO^ C^H-jgAsClHgO^ 36.7 2.90 36.95 2.90 

[MeHgPPhJ 
[Cr(NH 3) 2(SCN) l f] C ^ H ^ C r H g N ^ 3^.8 3.05 3^.9 3.15 

* ( E t 3 P ) 2 H g B r 2 C 1 2 H 3 0 B r 2 H g P 2 2»+.15 5.07 2\. 2±0.1 5.13± 0.1M-

* This compound was used as a standard. The a n a l y t i c a l values 
and the e r r o r s quoted are from 12 separate determinations. 
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followed by ammonium persulphate ( c a . 0.5 gm.) and the 

s o l u t i o n was f u r t h e r b o i l e d f o r 10 minutes. When the s o l u t i o n 

had cooled, a known excess of standard f e r r o u s ammonium 

sulphate s o l u t i o n was added and the excess t i t r a t e d w ith 

standard permanganate. The s o l u t i o n was again b o i l e d to 

destroy the s l i g h t excess permanganate and t i t r a t e d again to 

obtain a blank which was subtracted from the o r i g i n a l t i t r e . 

Chromium was determined i n the re i n e c k a t e complexes i n 

t h i s way. [MeHgPEt JfcrCNH^) 2CSCN) l f] was so analysed, 

(Found: Cr, 7-9- C, ̂ ^CrHgNgPS^ r e q u i r e s Cr, 8 .0$) . The 

triphenylphosphine complex was a l s o analysed, (Found: Cr, 6.h-

G 2 3 H 2 * f C r H g N 6 P S l + r e ( l u : L r e s C r > 6.5JS). 
Anion determination 

Complexes derived from anions of strong a c i d s , BF^~, 010^" 

N 0 3 ~ ' w e r e s u i t a b l e f o r anion exchange a n a l y t i c a l methods. A 

10 cm. column was packed with Amberlite I.R.A. hOO r e s i n i n 

the C l ~ form. This was converted to the OH" form by t r e a t i n g 

w i t h h% NaOH (250 ml.) at a flow r a t e of 10 ml./minute. The 

column was washed w i t h 1 l i t r e of demineralised water a t a flow 

r a t e of 1 ml. per minute and p r o t e c t i o n w i t h a soda-lime tube 

a g a i n s t atmospheric carbon dioxide was inclu d e d . The complex 

( c a . 2 m.equiv.) i n water or water-acetone s o l u t i o n (5-10ml.) 

was allowed to pe r c o l a t e through the column and dr i p i n t o 

standard HCIO^ (25 ml.) a t a r a t e of about one drop every 
f i v e seconds. The column was washed with demineralised 

water u n t i l the washings were no more a l k a l i n e than pH 8-9. 
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The p e r c h l o r i c a c i d excess was then back t i t r a t e d with 
standard NaOH using broraocresol green as i n d i c a t o r . T h i s 
method was s a t i s f a c t o r y f o r anions of strong a c i d s except 
when the c a t i o n was methyl(triphenylphosphine)mercury. 
I n t h i s case the s a l t was s p a r i n g l y s o l u b l e i n water and 
attempts to c a r r y out exchange i n acetone s o l u t i o n caused 
d e p o s i t i o n of the i n s o l u b l e complex on the column while 
washing the hydroxide out. 

Cation exchange on a column of Amberlite IR - 120 r e s i n 

i n the hydrogen form followed by t i t r a t i o n of the a c i d 

produced with standard NaOH s o l u t i o n was a l s o s u c c e s s f u l . 



DISCUSSION 
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D I S C U S S I O N 

Mercuric h a l i d e s r e a d i l y form complexes and those d e r i v e d 

from t e r t i a r y phosphines and a r s i n e s are p a r t i c u l a r l y numerous. 

On the other hand complexes of d i a l k y l - or d i a r y l - m e r c u r i a l s 

have never been reported (with the exception of compounds such 

as (C C l ^ ^ H g andCC^F^gHg containing s t r o n g l y e l e c t r o n -

a t t r a c t i n g organic groups), presumably due to the high e l e c t r o n 

d e n s i t y on the mercury atom i n t h i s environment and i t s 

corresponding i n a b i l i t y to accept a f u r t h e r p a r t i a l negative 

charge. The complex-forming strength of organomercury s a l t s 

has been r e l a t i v e l y l i t t l e studied, Raman s p e c t r a s t u d i e s 

have demonstrated the formation of the s a l t £MeHgSMe2]N0^ i n 

aqueous s o l u t i o n when dimethylsulphide i s added to methyl-
29 

mercuric n i t r a t e i n water. 7 P y r i d i n e forms a 1:1 complex 

w i t h p - t o l y l m e r c u r i c n i t r a t e , 1 2 1 Jp-MeC^H^HgpyjNO^, m.p. 210°C, 

and a l s o w i t h 2-ehlorovinylmercuric c h l o r i d e , [ciGHsCHHgpyjci, 

m.p. 76°C wi t h d e c o m p o s i t i o n . ^ The t r i e t h y l p h o s p h i n e complex 

of methylmercuric c h l o r i d e , j^MeHgPEt^] C I , which behaves as a 

1:1 e l e c t r o l y t e i n s o l u t i o n , has been i s o l a t e d and conducttb-

metric t i t r a t i o n s of t r i e t h y l p h o s p h i n e and phenyldimethyl-

phosphine a g a i n s t ethylmercuric c h l o r i d e i n methanol confirm 

t h a t s i m i l a r 1:1 s a l t s are formed i n these cases.110 

Conductdmetric evidence i n d i c a t i n g the presence of the s a l t 
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[PhHgPPhJ Gl i n d i l u t e aqueous dioxan i s reported but only 

phenylmercurie c h l o r i d e was recovered from the s o l u t i o n . 

I n c o n t r a s t to these r e s u l t s i s the statement that t e r t i a r y 

phosphines cause d i s p r o p o r t i o n a t i o n of a l k y l - and a r y l -
109 

mercuric h a l i d e s . 7 T h i s r e a c t i o n has subsequently been 
a p p l i e d to prepare bis-carbomethoxymercury from the organo­

i d 
mercuric c h l o r i d e and triphenylphosphine: y 

2 CIHgCOOMe + 2 PPh 3 > (Ph^FyigClg + Hg(C00Me) 2 

I n a s i m i l a r manner pe r c h l o r o v i n y l m e r c u r i e c h l o r i d e can be 
1 oR 

converted to the b i s - m e r c u r i a l . By a presumably analogous 
r e a c t i o n ammonia has been used to obtain b i s - 2 - c h l o r o v i n y l -

97 
mercury from 2-chlorovinylmercuric c h l o r i d e , ' i n c o n t r a s t 

to p y r i d i n e which forms a s a l t , and a d e t a i l e d k i n e t i c study 

of the d i s p r o p o r t i o n a t i o n r e a c t i o n t h a t occurs on a d d i t i o n of 

ammonia to a s o l u t i o n of an e s t e r of ol-bromomercuriphenylacetic 

a c i d , PhCH(HgBr)C00R, has been made. 1 1 1 - L f The aim of t h i s work 

was to prepare a r e p r e s e n t a t i v e s e r i e s of organomercury 

complexes, mainly w i t h t e r t i a r y phosphines, and to gather 

some information on f a c t o r s a f f e c t i n g t h e i r d i s p r o p o r t i o h a t i o n . 

A l k y K t e r t i a r y phosphine)mercury h a l i d e s 

Organomercury t e r t i a r y phosphine .halides were i s o l a t e d 

only with a l k y l m e r c u r i c h a l i d e s . Attempts to prepare s i m i l a r 

complexes of a r y l d e r i v a t i v e s r e s u l t e d i n r a p i d d i s p r o p o r t i o n ­

a t i o n and i s o l a t i o n of the d i h a l o complex, (R^P^HgXg, and the 

m e r c u r i a l , R2Hg. Di s p r o p o r t i o n a t i o n slowly occurred i f a 
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s o l u t i o n of an a l k y l complex was allowed to stand f o r a 

prolonged period of time. For i n s t a n c e , on a d d i t i o n of 

t r i e t h y l p h o s p h i n e to methylmercuric c h l o r i d e i n acetone a c l e a r 

s o l u t i o n was obtained which y i e l d e d the complex s a l t , 

the s o l u t i o n was allowed to stand at room temperature, l a r g e 

p r i s m a t i c c r y s t a l s of the d i s p r o p o r t i o n a t i o n product, 

Decomposition even occurred i n the s o l i d phase and compounds 

stored a t room temperature under a n i t r o g e n atmosphere f o r 

s e v e r a l weeks began to cake and l o s e t h e i r c r y s t a l l i n e 

appearance, due presumably to d i s p r o p o r t i o n a t i o n . Storage 

appeared to prolong the time that the product could u s e f u l l y 

be stored. 

The complex s a l t s d e r ived from a l k y l r a e r c u r i e h a l i d e s and 

v a r i o u s t e r t i a r y phosphines are shown i n Table XXI. They were 

prepared by a d d i t i o n of the phosphine to a s o l u t i o n of a l k y l -

mercuric h a l i d e . I f the preparation was c a r r i e d out i n ether 

an immediate p r e c i p i t a t e of the complex s a l t was u s u a l l y 

obtained and t h i s was q u i c k l y r e c r y s t a l l i s e d from another 

solvent, f r e q u e n t l y acetone or a l c o h o l . A l t e r n a t i v e l y the 

complex could be prepared i n acetone, i n which case the s o l u t i o n 

had o f t e n to be concentrated to small volume before c r y s t a l l i s a ­

t i o n occurred. I n e i t h e r case i s o l a t i o n and c h a r a c t e r i z a t i o n 

by melting point and a n a l y s i s were c a r r i e d out q u i c k l y to 

[MeHgPEtJ G l , ra.p. Qh-Q^Gf on concentration. I f , however, 

( E t ^ P ) 9 H g C l 9 , m.p. 161°C, appeared a f t e r three days. 

at -15°C did not prevent t h i s decomposition although i t 



- 131 -

prevent any contamination of the complex by products of the 
di s p r o p o r t i o n a t i o n r e a c t i o n . 

TABLE XXI 

A l k y K t e r t i a r y phosphine)mercury h a l i d e s 

S a l t M.p.a (Hg - C ) b cmT1 

[MeHgPMeJ C I 86° 528 s 
[MeHgPEt 3] CI 8^-85° 

[MeHgPMe2Ph] C l d 9 5 - 9 7 ° 515.5 s 
[MeHgPEt 3]Br 9 2 - 9 3 ° e 516 s c 

[MeHgPMe2Ph] I d 107° 52*f s 

[EtHgPMe^] CI 86° 50if s 

[EtHgP E t J Br 87° 508 mc 

[Er nHgPMe 3] CI 121-12^-° 50̂ - ui 

[Pr nHgPMe 2PhJ C l d 

[BunHgPMe3] CI 
7 6 - 7 7 ° absent [Pr nHgPMe 2PhJ C l d 

[BunHgPMe3] CI 107-108° 50*f w 

[Bu nHgPMe 2Ph]ci d 

[Bu nHgPMe 3] I 

8 6 - 8 8 ° [Bu nHgPMe 2Ph]ci d 

[Bu nHgPMe 3] I 8 7 - 8 8 ° 517 s 

Notes: a with decomposition; D Nujol mull; 0 potassium 

bromide d i s c ; darkens on exposure to l i g h t ; 
e l i t . 1 1 0 m.p. 9 0 - 9 1 ° ; s, strong; m, medium, 

v/, weak. 

Trimethylphosphine complexes were the l e a s t s o l u b l e and were 

normally thrown out of s o l u t i o n on mixing the reagents but 

c r y s t a l l i s e d as c o l o u r l e s s needles from acetone-ether s o l u t i o n 
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on cooling to 0°C. The phenyldimethyiphosphine complexes 

of n-propyl- and n - b u t y l - mercuric c h l o r i d e s presented 

d i f f i c u l t i e s i n i s o l a t i o n . They were f a i r l y s o l u b l e i n a l l 

s o l v e n t s t r i e d i n c l u d i n g such non-polar s o l v e n t s as ether and 

benzene and on concentration separated as an o i l . They were 

e v e n t u a l l y c r y s t a l l i s e d by cooling ether s o l u t i o n s w e l l below 

room temperature and shaking v i g o r o u s l y u n t i l s o l i d formed. 

T h i s was r a p i d l y f i l t e r e d and pumped dry as the presence of 

ether a t room temperature caused the reformation of an o i l . 

S e v e r a l of the complex s a l t s were l i g h t s e n s i t i v e and turned 

grey, presumably due to d e p o s i t i o n of m e t a l l i c mercury, on 

exposure to d i f f u s e l i g h t and such decomposition took p l a c e 

more r a p i d l y i n s u n l i g h t . These compounds which are i n d i c a t e d 

i n Table XXI and Table XXIV were handled i n f l a s k s wrapped i n 

black paper to prevent decomposition. I n f r a - r e d s p e c t r a , which 

were recorded i n the form of Nujol mulls or potassium bromide 

d i s c s , were used f o r i d e n t i f i c a t i o n purposes. The (C-Hg) 

s t r e t c h i n g frequencies are reported i n Table XXI. Halogen 

exchange takes p l a c e i f KBr d i s c s are used f o r s a l t s other 

than bromides and an e x t r a absorption can be observed i n the 

^(C-Hg) region corresponding to that observed i n the spectrum 

of the bromide. Thus, [MeHgPEt^BF^ shows two absorptions at 

532 cm. and 518 era. , the former being due to the ^(C-Hg) 

band i n the t e t r a f l u o r o b o r a t e and the l a t t e r i s i d e n t i c a l to 

t h a t found i n the bromide. 

The method of determining the melting p o i n t s of f r e s h l y 
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prepared' complexes was s i m i l a r to that f o r any organic compound. 
As the compounds disproportionate slowly a t room temperature 
but more r a p i d l y as the temperature i s i n c r e a s e d the melting 
p o i n t s are dependant upon the r a t e of heating and the time 
that has elapsed s i n c e t h e i r p r e p a r a t i o n . Consequently they 
should be regarded as decomposition temperatures. At low 
pressure a l k y M t e r t i a r y phosphine)mercury h a l i d e s sublime a t 
temperatures below 100°C, no doubt due to d i s s o c i a t i o n to 
m e r c u r i a l and phosphine followed by recombination. Although 
the s a l t s could be pumped f o r a considerable time a t room 
temperature, as they were on drying, without l o s s of phosphine, 
when [MeHgPMe^Cl was sublimed under vacuum at 70° C a s l i g h t 
p r e ssure due to trimethylphosphine developed and the sublimate 
was impure and contained methylmercuric c h l o r i d e . Sublimation 
t h e r e f o r e d i d not prove an e f f e c t i v e method pf p u r i f i c a t i o n as 
i t caused some d i s s o c i a t i o n and as i t e n t a i l e d heating the" 
complex i t a l s o encouraged d i s p r o p o r t i o n a t i o n . 

I n the q u a n t i t a t i v e i n v e s t i g a t i o n of the decomposition 

of [MeHgPPhMe^I on p y r o l y s i s the compound was heated under 

vacuum i n a f l a s k f i t t e d w i t h a s i n t e r e d d i s c which e f f e c t i v e l y 

contained any sublimation product to the r e a c t i o n v e s s e l . 

D i s p r o p o r t i o n a t i o n occurred on heating to 80°C (below i t s 

melting point of 10y*°C) and the compound l i q u i f i e d to a v i s c o u s 

melt a f t e r t h i r t y minutes. Dimethylinercury ( 85$ of the 

t h e o r e t i c a l f o r complete d i s p r o p o r t i o n a t i o n ) was recovered 

along w i t h (PPhMe P)oHgI 9 as the other major product. T e r t i a r y 



- 13*+ -

phosphine (2.H$ t o t a l ) was a l s o recovered. T h i s was produced 

e i t h e r by d i s s o c i a t i o n of the o r i g i n a l s a l t or from the p y r o l y s i s 

of the di-iodo complex, and i t may be noted t h a t ( P E t ^ ^ H g C ^ 

l i b e r a t e s tr&ethylphosphine when i t i s heated, although not i n 

any stoichiometric quantity, and forms a s t i c k y g l a s s . 

R e l a t i v e a f f i n i t i e s f o r the alkylmercury c a t i o n of 

The r a t e of cleavage of the mercury-G&^&& bond by 

t e r t i a r y phosphine i s r a p i d and complete i n a l l c ases i n v o l v i n g 

t r i m e t h y l - , t r i e t h y l - and phenyldimethylphosphihes and a l k y l -

mercuric h a l i d e s . T h i s i s r e f l e c t e d i n the immediate 

\Ba HgPMe^JCl from acetone-ether as soon as the reagents were 

added. The r a p i d formation of an i o n i c s p e c i e s on a d d i t i o n 

of equinrolar q u a n t i t i e s of triphenylphosphine and me thy lmer c u r i e 

c h l o r i d e and bromide r e s p e c t i v e l y i n methanol s o l u t i o n i s 

demonstrated by the immediate i n c r e a s e i n conductance. 

Conductimetric t i t r a t i o n s of t r i e t h y l p h o s p h i n e and phenyl-

dimethylphosphine a g a i n s t methylmercuric bromide, which show a 

maximum conductance at 1:1 molar r a t i o s , demonstrate the 

complete displacement of h a l i d e by phosphine i n these c a s e s . 

The normal molar conductance i n water of [ E t H g P E t ^ B r 

( A 0 = 100 .5 ohm"1 cm. 2) expected f o r such an e l e c t r o l y t e i s 

a d d i t i o n a l confirmation. T h i s i s i n good agreement w i t h the 

equ i v a l e n t conductance p r e v i o u s l y r e p o r t e d 1 1 0 f o r [MeHgPEt^jBr 

( A 0 = 100 .7 ohm"1 cm. 2). As the i o n i c conductance of the 

bromide ion, Xo» i s 7 8 . ^ ohm - 1cm. 2 t h i s g i v e s values of 

h a l i d e s and t e r t i a r y phosphines 

oaffbon 

p r e c i p i t a t i o n of, f o r i n s t a n c e , [MeHgPEt^jCl from ether, and 

[Bu nHgPMe/lci from acetone-ether as soon as the reagents 
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i o n i c conductance, XQ> f o r £MeHgPEtJ + and [ E t H g P E t ^ ] + of 
- 1 2 

22 .3 and 22 .1 ohm cm. r e s p e c t i v e l y which i s s i m i l a r to those 

va l u e s of tetra-alkylammonium and other l a r g e i o n s i n water 

at 25°C. Futhermore, alkylmereury t e r t i a r y phosphine h a l i d e 

complexes can be r e c r y s t a l l i s e d without the a d d i t i o n of f r e e 

phosphine i n d i c a t i n g t hat any displacement of phosphine by 

h a l i d e to regenerate a l k y l m e r c u r i c h a l i d e i s i n s i g n i f i c a n t l y 

s m a l l . Although t h i s i s the case with t r i m e t h y l — , t r & e t h y l - , 

and phenyldimethyl- phosphines i t does not apply to t r i p h e n y l -

phosphine. Here a d d i t i o n of one molar e q u i v a l e n t of 

triphenylphosphine to methylmercuric h a l i d e r e s u l t s i n a 

competition between phosphine and h a l i d e f o r co-ordination 

to the methylmercury c a t i o n . Conductimetrie t i t r a t i o n s of 

these reagents i n methanol s o l u t i o n are shown g r a p h i c a l l y i n 

f i g u r e ( i x ) . I n a methanol s o l u t i o n 0 .0060 molar i n 
methylmercuric c h l o r i d e the conductance maximum of 17 x TO y 

- 1 =1 

ohm cm. was not reached u n t i l the molar r a t i o of PPh^:Hg 

was 1 . 2 5 : 1 . Under s i m i l a r c o n d i t i o n s t i t r a t i o n of t r i p h e n y l ­

phosphine a g a i n s t methylmercuric bromide gave a conductance 

maximum of 7«3 x 10 ohm cm. at a molar r a t i o of 1 .73*1 

i n a s o l u t i o n 0 .0056 molar i n mercury and the triphenylphosphine 

methylmercuric iodide system had the s t i l l lower maximum 

conductance of 2 . 6 x 10~?ohm" cmT i n a s o l u t i o n 0 . 0 0 ^ + molar 

i n mercury when the molar r a t i o of Ph^PsHg was 2 . 8 7 : 1 . The 

r e l a t i v e a f f i n i t i e s of h a l i d e i o n s f o r the methylmercury 

c a t i o n would t h e r e f o r e appear to be I > Br ; > C 1 and t h i s i s 
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c o n s i s t e n t w i t h v a l u e s a l r e a d y obtained by p a r t i t i o n 
72 

measurements.' Neglecting f o r the moment the dispr o p o r t i o n a -

t i o n r e a c t i o n , the r a t e of which, at l e a s t i n the alkylmercury 

complexes, i s slow enough to allow i s o l a t i o n of the complex 

s a l t s , then the s a l i e n t f a c t o r s which govern the formation of 

the compounds [RHgPR^jx are the p o s i t i o n of e q u i l i b r i u m i n 

the r e a c t i o n : . _ 

RHgX + PR^ v [RHgPf^JX 

and the r e l a t i v e s o l u b i l i t i e s of r e a c t a n t s and products. I f 

the e q u i l i b r i u m l i e s e x c l u s i v e l y or very l a r g e l y i n favour of 

the complex s a l t i n any p a r t i c u l a r solvent then i t s i s o l a t i o n 

p resents no d i f f i c u l t y as i t can be p r e c i p i t a t e d from s o l u t i o n 

by concentration. T h i s i s the case w i t h the complexes derived 

from methylmercurie h a l i d e s and tri m e t h y l = , t r i e t h y l = and 

phenyldimethylphosphines r e s p e c t i v e l y as i s borne out by 

t h e i r i s o l a t i o n , conductance t i t r a t i o n s and absence of smell 

of phosphine i n the f r e s h l y prepared s a l t s . The i n a b i l i t y to 

i s o l a t e s a l t s of organomercurie h a l i d e s and triphenylphosphine 

must have a d i r e c t bearing on the p o s i t i o n of e q u i l i b r i u m of 

the system. The undoubted formation of s a l t s [RHgPPh^]x i s 

shown by the conductance t i t r a t i o n s p r e v i o u s l y described, the 

i n c r e a s e i n conductance on adding the phosphine to acetone 

s o l u t i o n s of m-tolylmercuric c h l o r i d e and bromide r e s p e c t i v e l y , 

s i m i l a r observations by Dessy i n v o l v i n g phenylmercurie c h l o r i d e 

i n aqueous d i o x a n , 1 0 ^ and the a c t u a l i s o l a t i o n of [keHgPPh^]* 

s a l t s w i t h weakly co-ordinating anions such as CIO^, BF̂ "". 
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I n the case of triphenylphosphine the e q u i l i b r i u m 

MeHgX + PPh 3 v
 % [MeHgPPh^]x 

appears to favour the i n i t i a l r e a c t a n t s to such an extent 

that the s o l u b i l i t y of the complex s a l t i s not exceeded. 

Furthermore, as the s a l t must have considerable i o n i c 

c h a r a c t e r , as i s shown by the s u b s t a n t i a l i n c r e a s e i n 

conductance i n methanol, i t should be most l i k e l y to 

p r e c i p i t a t e from a non-polar solvent such as benzene or ether. 

T h i s does not occur and concentration of such a s o l u t i o n y i e l d s 

methylraercurie c h l o r i d e and triphenylphosphine along w i t h a 

small amount of d i s p r o p o r t i o n a t i o n product, (Ph^P^HgC^. 

Thi s would suggest a displacement of e q u i l i b r i u m i n non-polar 

s o l v e n t s favouring d i s s o c i a t i o n although the p o s s i b i l i t y of 

s u b s t a n t i a l i o n - p a i r i n g of the s a l t should not be neglected. 

Whichever explanation, or a combination of both, i s a p p l i c a b l e 

the r e s u l t i s to render the organomercuric h a l i d e the l e a s t 

s oluble component of the system and on concentration t h i s 

separates p r e f e r e n t i a l l y from s o l u t i o n . The s o l u b i l i t y of 

[Pr nHgPPhMe 2]Gl and [Bu nHgPPhMeJGl i n ether and accompanying 

d i f f i c u l t y of i s o l a t i o n could be due to a s i m i l a r e f f e c t 

although the methyl complex of phenyldimethylphosphine was 

i s o l a t e d without d i f f i c u l t y . As the trimethylphosphine 

complexes of n-propyl- and n-butyl- mercuric c h l o r i d e s and 

[BunHgPMe^Jl were r e a d i l y c r y s t a l l i s e d the i n c r e a s i n g a r y l 

nature of the s u b s t i t u e n t s of the t e r t i a r y phosphine appears 

to have a d e s t a b i l i s i n g e f f e c t upon the formation of s a l t s 
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[RHgPR^jx and the t e r t i a r y a l k y l phosphines thus have a 
greater a f f i n i t y f o r organoraercury c a t i o n s than t h e i r a r y l 
counterparts. 

D i s p r o p o r t l o n a t i o n r e a c t i o n s of 

a l k y l m e r c u r i c h a l i d e s 

Reactions which involve d r e f l u x i n g methylmercuric h a l i d e s 

and triphenylphosphine i n equimolar q u a n t i t i e s i n concentrated 

s o l u t i o n f o r 20 hours i n d i c a t e d t h a t the r a t e of disp r o p o r t i o n a -

t i o n i n c r e a s e d with i n c r e a s i n g molecular weight of halogen 

CI < Br < I . A f t e r r e f l u x the s o l u t i o n was cooled to 6°C and 

the p r e c i p i t a t e d (Ph^P)2HgX2 was f i l t e r e d and weighed. As the 

MeHgX - PPh^ system i s complicated and apparently i n v o l v e s a t 

l e a s t two r e v e r s i b l e e q u i l i b r i a and the weights of (Ph,P) 2HgX 2 

were not c o r r e c t e d f o r the f r a c t i o n s t i l l i n s o l u t i o n the 

absolute v a l u e s may not be of much s i g n i f i c a n c e . However, as 

the dihalo complexes are at best very s l i g h t l y s o l u b l e i n the 

sol v e n t s used and the conditions of the r e a c t i o n s were 

c o n t r o l l e d so as to be as s i m i l a r as p o s s i b l e the r e l a t i v e 

values obtained are of i n t e r e s t . The gr e a t e r tendency of 

bromide to produce d i s p r o p o r t i o n a t i o n than c h l o r i d e i s a l s o 

shown by the decrease i n conductance w i t h time of the MeHgBr -

PPh^ system i n d i l u t e methanolic s o l u t i o n and the corresponding 

formation of (Ph^P^HgB^ as the r e a c t i o n proceeds. At a 

s i m i l a r m o l a r i t y the conductance of a MeHgCl - PPh^ system 

remained unchanged over a period of hh hours - a time which 
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produced a considerable change i n the former case. On the 

b a s i s of mol. % (Ph^P^HgB^ formed from me thy lmer c u r i e 

bromide and triphenylphosphine a f t e r 20 hours r e f l u x i t was 

shown t h a t d i s p r o p o r t i o n a t i o n i s i n c r e a s e d by a solvent of 

high d i e l e c t r i c constant, benzene-Ctetrahydrofuran <. acetone 

^ m e t h a n o l . The r e l a t i v e r a t e s of d i s p r o p o r t i o n a t i o n obtained 

i n v a r i o u s s o l v e n t s and w i t h c h l o r i d e , bromide and iodide as 

i n d i c a t e d by the mol.# of (Ph 3P) 2HgX 2 formed i n 20 hours are 

dependent upon the e q u i l i b r i u m i 

2[MeHgPPh3]x 1 % Me2Hg + (Ph 3P) 2HgX 2 

k 2 

not being achieved r a p i d l y (which appeared to be v a l i d as the 

p r e c i p i t a t e did not form immediately but a f t e r some hours and 

i t was g r a d u a l l y deposited as r e f l u x i n g continued) and t h a t 

the r a t e of d i s p r o p o r t i o n a t i o n and formation of (Ph 3P) 2HgX 2,k^, 

i s slow and r a t e determining. 

TABLE X X I I 

D i s p r o p o r t i o n a t i o n of MeHgBr and PPh-> i n various s o l v e n t s 

Solvent 
D i e l e c t r i c 

constant 

( P h 3 P ) 2 H g B r 2 formed 

a f t e r 20 hours r e f l u x 
m.p. 

Benzene 2.2 60.2$ 259-263°C 
T.H.F. 7-3 6i+. 6% 259-263°C 
Acetone 20.7 93-8$ 259-263°C 
Methanol 3 5 A 9h.h% 258-263° 
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T h i s i s a l s o a reasonable assumption as the i n i t i a l cleavage 
of mercury-halogen bonds by phosphine i s r a p i d , 

RHgX + PR^ [RHgPPh^X ^ £R 2Hg + £(Ph 3P) 2HgX 2 

and the r a t e of formation of d i s p r o p o r t i o n a t i o n products i s 

claimed to be the r a t e c o n t r o l l i n g step i n the dis p r o p o r t i o n a -

t i o n of e s t e r s of d-bromomercuriphenylacetic a c i d by ammonia 

which could w e l l proceed by a s i m i l a r mechanism to the above 

r e a c t i o n . 

The considerably reduced formation of (Ph^P) ̂ EgX.-^ from 

• e t h y l - , n-propyl- and n-butyl- mercuric bromides r e s p e c t i v e l y 

on r e a c t i o n w i t h triphenylphosphine i n r e f l u x i n g benzene f o r 

20 hours compared to the r e a c t i o n s w i t h methylmercurie bromide 

c a l l s f o r comment. Three f a c t o r s could contribute to the 

decrease i n amount of d i s p r o p o r t i o n a t i o n product formed from 

a l k y l groups of i n c r e a s i n g chain length. D i s s o c i a t i o n i n t o 
— • - TABLE X X I I I 

D i s p r o p o r t i o n a t i o n of a l k y l m e r c u r i c bromides 

M e r c u r i a l (Ph^P'^HgBJ^ formed 
a f t e r 20 hours 

m.p. 

MeHgBr 60.2$ 259-263°C 
EtHgBr 259-.263°C 
Pr nHgBr 1.2% 259-26»+0C 
Bu nHgBr 3.9% 258-263°C 

i n i t i a l r e a c t a n t s could become more s i g n i f i c a n t thus reducing 

the concentration of fRHgPPh.T|Br i n s o l u t i o n . Secondly, an 
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e l e c t r o n i c e f f e c t found i n a l k y l compounds of the i n c r e a s e d 

a b i l i t y of the longer chain a l k y l s to transmit e l e c t r o n s to 

the bonded atom or group. T h i s vrould oppose the general 

tendency t h a t the more e l e c t r o n withdrawing the group attached 

to the mercury atom i s , the more r e a d i l y does d i s p r o p o r t i o n 

take p l a c e . T h i r d l y , a s t e r i c e f f e c t of the longer a l k y l 

chain i n the t r a n s i t i o n complex analogous to that found i n 

the d i s p r o p o r t i o n a t i o n r e a c t i o n of ammonia and PhCH(HgBr)COOR 

where the r a t e decreases as the s i z e of the R s u b s t i t u e n t 
111+ 

i n c r e a s e s . 

Complex s a l t s derived from ni t r o g e n donor l i g a n d s 

Nitrogen-containing donor molecules did not complex as 

st r o n g l y with the methylmercury c a t i o n as did t e r t i a r y 

phosphines and no s t o i c h i o m e t r i c complexes could be i s o l a t e d . 

D i s p r o p o r t i o n a t i o n r e a c t i o n s were not observed with nitrogen 

l i g a n d s but d i s s o c i a t i o n of the weak complexes formed w i t h 

methylmercuric h a l i d e s r e a d i l y occurred. Concentrated 

aqueous ammonia s o l u t i o n gave an immediate p r e c i p i t a t e on 

a d d i t i o n to an ether s o l u t i o n of methylmercuric c h l o r i d e . 

The s o l i d r a p i d l y l o s t ammonia and i t s melting point and 

i n f r a - r e d spectrum were i d e n t i c a l to t h a t of methylmercuric 

c h l o r i d e . A sample f o r combustion a n a l y s i s could not be 

weighed due to a r a p i d decrease i n weight of the sample. 

The formation of a complex s a l t analogous to those formed w i t h 

t e r t i a r y phosphines i s stro n g l y i n d i c a t e d by the ready 

s o l u b i l i t y of the ammonia compound i n water i n c o n t r a s t to 
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the i n s o l u b l e methylraercuric c h l o r i d e . S i m i l a r complexes with 

ammonia and methylraercuric c h l o r i d e and sejjtiutylraercurie 
116 

c h l o r i d e r e s p e c t i v e l y are reported but i n n e i t h e r case could 

the complex be analysed due to l o s s of ammonia. An even weaker 

complex appears to be formed between methylmercuric c h l o r i d e 

and t r i e t h y l a m i n e . A n a l y s i s of the s o l i d which was a p p r e c i a b l y 

soluble i n ether and smelled s t r o n g l y of amine showed a carbon 

and hydrogen content much l e s s than that r e q u i r e d f o r a 1:1 

adduct. Concentration of an ether s o l u t i o n of methylmercuric 

c h l o r i d e containing p y r i d i n e caused the c r y s t a l l i s a t i o n of 

m e r c u r i a l and no i n d i c a t i o n of a p y r i d i n e complex was observed. 

The g r e a t e r s t a b i l i t y of t e r t i a r y phosphine complexes compared 

to those derived from amines i s c o n s i s t e n t w i t h the i n c r e a s e d 

s t a b i l i s a t i o n they impart to the h e a v i e r B-type metals i n 

t h e i r lower valency s t a t e s and [MeHgPEt^]* and [MeHgNEt^] + are 
1P? o 

analogous to the s t a b l e MeAuPEt^ , m.p. 62 C, and the 

apparently unstable MeAuWSt^ which has not been reported. 

Other complex s a l t s 

S a l t s of the methylmercury c a t i o n complexed w i t h v a r i o u s 

nitrogen, phosphorus and a r s e n i c donor i i g a n d s and anions 

other than h a l i d e s are l i s t e d i n Table XXIV. 

Methylmercuric p e r c h l o r a t e and t e t r a f l u o r o b o r a t e were 

prepared i n aqueous methanol by a d d i t i o n of the r e s p e c t i v e 

s i l v e r s a l t to raethylraercurie c h l o r i d e or bromide and 

f i l t e r i n g the p r e c i p i t a t e d s i l v e r h a l i d e . The s o l u t i o n s of 



- 1M+ -

TABLE XXIV 

Methylmercury s a l t s of anions other than h a l i d e 

S a l t M.p.a 

[MeHgPMe3] ClO^ 215°C 

[MeHgPEt 3] C l O ^ 137°C 

[MeHgPPh^] G10^ b 213-218°C 

[MeHgAsEt 3] C l O ^ 120°C 

[MeHgAsPh^] ClO^ 22H-225 0C 

[MeHgPEtJ BF^ 120-125°C 

[MeHgPPhJ BF^ 215-220°C 

MeHg[cr(NH 3) 2(SGN) l f] decomp. from 190°C 

[MeHgPEtJ f Cr (NH 3) 2 ( SCN ) J dec. from 135°C 

[MeHgPPh 3] [Gr (NH 3) 2 ( SCN) J dec. from m-5°C 

[MeHgpyJciO^ 210-260°C 

[MeHgbipy]N0 3 200-201°C 

Notes: w i t h decomposition; darkens on 
exposure to l i g h t . 

methylmercuric s a l t s d i d not deposit any oxonium s a l t s , ' 

(MeHg ) 3 0 + , although they were i n f a i r l y concentrated s o l u t i o n 

(17 .5 gm. MeHgClO^ i n 1 m l . aqueous methanol). Complexes 

were prepared by adding the req u i r e d l i g a n d to the s o l u t i o n 
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containing the methylmercury c a t i o n , presumably hydrated, 
[MeHgOH 2] +, i n s o l u t i o n as Raman s p e c t r a s t u d i e s have shown 
i n the case of methylmercuric p e r c h l o r a t e . 2 ^ The s a l t s 
[MeHgLjx, where X = clO^", BF^", Cr(NH 3) 2(SCN)^,so obtained 
were r e a d i l y soluble except the t r i p h e n y l a r s i n e d e r i v a t i v e 
of the p e r c h l o r a t e . The s a l t [MeHgPEt^jBF^ was so extremely 
soluble i n water t h a t i t had to be evaporated to dryness under 
reduced pressure and r e c r y s t a l l i s e d from iso-propanol a t low 
temperature. A molecular weight determination on t h i s s a l t 
i n aqueous s o l u t i o n was c o n s i s t e n t w i t h i t being a 1:1 
e l e c t r o l y t e . A l l of the complex phosphine s a l t s d e r ived from 
methylmercuric p e r c h l o r a t e were l i g h t s e n s i t i v e , p a r t i c u l a r l y 
the trimethylphosphine compound. I n an attempt to obtain 
l e s s soluble complexes the r e i n e c k a t e anion was used. Methyl­
mercuric r e i n e c k a t e was obtained from aqueous acetone .solution 
as a very s p a r i n g l y s o l u b l e pink s o l i d on a d d i t i o n of ammonium 
rei n e c k a t e to methylmercuric c h l o r i d e . I t had the composition, 
MeHgCr(NH 3) 2(SCW) l f, but i t was necessary to consider the 
p o s s i b i l i t y t h a t water might be co-ordinated as i n the i o n i z e d 
s t r u c t u r e : fMeHgOH 2][cr(NH 3) 2(SCN) l f] ? Elemental a n a l y s i s 
i n d i c a t e d the absence of water and t h i s was supported by i n f r a ­
red s p e c t r o s c o p i c evidence. Further, s a l t s containing the 
rei n e c k a t e anion normally show a strong broad absorption i n 
the region 2060-2120 cm. - 1. I n mercuric r e i n e c k a t e t h i s 

band i s s p l i t i n t o t h ree d i s t i n c t absorptions which have been 
1 

a t t r i b u t e d to mercury-sulphur i n t e r a c t i o n . J The spectrum 
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of methylmercurie r e i n e c k a t e i s r a t h e r s i m i l a r , again suggest­
ing some degree of bonding between mercury and sulphur. 
S e v e r a l s p e c t r a of r e i n e c k a t e compounds are shown i n Table XXV. 

TABLE XXV 

I n f r a - r e d s p e c t r a of r e i n e c k a t e compounds 
i n the region 2060-2180 cm. 

Compound a Absorption, cm. 

NH^R 2117 — 2063 bs 

HgR 2 2151,. 2088, 2062 ds 
MeHgR 217M-, 2117, 2092 ds 
[MeHgPEt 3]R 2105-2073 bs 
[MeHgPPh^ R 2119—2075 bs 

Notes: a R = r e i n e c k a t e , CrCNH^gCSCN)^ , 

b, broad; d, d i s c r e t e ; s, strong. 

The complex [MeHgPPh^fCrCNH^CSCN)^], was the only compound 

prepared which was i s o l a t e d w ith solvent of c r y s t a l l i s a t i o n , 

and i t contained 1 mol. of acetone per mercury atom. The 

acetone was l o s t at 60°C i n vacuo, to give the anhydrous s a l t . 

The complex s a l t s obtained w i t h the anions described other 

than h a l i d e s showed no tendency to d i s p r o p o r t i o n a t e and were 

a i r - s t a b l e . The co-ordinating l i g a n d was more s t r o n g l y h e l d 

i n these s a l t s than i n the h a l i d e s probably as there was no 

competition f o r co-ordination to mercury. Hence t r i p h e n y l -

phosphine formed s t a b l e complexes even w i t h methylmercuric 
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reineckate where some degree of competition from the anion 
could be envisaged. 

The only nitrogen l i g a n d s to give s t a b l e s t o i c h i o m e t r i c 

complexes were p y r i d i n e and b i p y r i d y l . The s a l t s [MeHgpyjciO^ 

and [MeHgbipyjNO^ were i s o l a t e d and i n the l a t t e r case i t i s 

not known whether the b i p y r i d y l i s c h e l a t i n g or attached by 

one nitrogen only. Attempts to prepare a complex containing 

a t r i a l k y l a m i n e were u n s u c c e s s f u l as [MeHgNMe^JciO^, which 

apparently c r y s t a l l i s e d from trimethylamine and methylmercuric 

p e r c h l o r a t e i n aqueous acetone, l o s t amine so r a p i d l y that i t 

could not be analysed. 

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

As has been mentioned, a r y l m e r c u r i c h a l i d e s d i f f e r e d 

from a l k y l d e r i v a t i v e s i n that no complex s a l t s could be 

i s o l a t e d . Attempts to prepare such complexes r e s u l t e d i n 

di s p r o p o r t i o n a t i o n and the i s o l a t i o n "of"the d i h a l o complex, 

( R ^ P j g H ^ ^ and the m e r c u r i a l , RgHg. For i n s t a n c e heat was 

evolved on adding t r i e t h y l p h o s p h i n e to m-tolylmercuric 

c h l o r i d e i n acetone, no doubt due to the formation of 

(m-CH^C^H l fHgPEt^)Cl, but on concentration ( E t ^ P ^ H g C ^ 

c r y s t a l l i s e d . Dessy's o b s e r v a t i o n ^ 0 ^ of an i n c r e a s e i n 

conductance due to the formation of fPhHgPPh^jcT i n aqueous 

dioxan and h i s subsequent i s o l a t i o n of phenylmercurie c h l o r i d e 

i s compatible w i t h the very low s o l u b i l i t y of phenylmercurie 

c h l o r i d e and i s comparable to the r e a c t i o n of the corresponding 
55 

i o d i d e with excess sodium iodide c a r r i e d out by Whitmore. 
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I n t h i s case the i n i t i a l r e a c t a n t s were recovered and no 

diphenylmercury obtained due to the adverse s o l u b i l i t y 

r e l a t i o n s h i p p e r t a i n i n g . However, r e a c t i o n of the much more 

sol u b l e m-tolylmercurie c h l o r i d e and bromide r e s p e c t i v e l y w i t h 

triphenylphosphine r e s u l t e d i n r a p i d d i s p r o p o r t i o n a t i o n and 

formation of the di h a l o complex (Ph 3P) 2HgX2 and m e r c u r i a l , 

(m-MeC^H^^Hg. Conductance s t u d i e s of these reagents show 

that on a d d i t i o n of concentrated ( c a . 0.1 molar) acetone 

s o l u t i o n s of phosphine and organomercurie h a l i d e the 

conductance immediately i n c r e a s e s followed a f t e r about 15 

seconds by a steady f a l l as (Ph 3P) 2HgX2 i s p r e c i p i t a t e d . 

The conductance values become constant a f t e r 6 minutes i n the 

case of the c h l o r i d e and 2-g- minutes f o r the bromide, a f t e r 

which time c r y s t a l l i s a t i o n of the d i s p r o p o r t i o n a t i o n product 

a l s o ceases. Although the i n i t i a l i n c r e a s e i n conductance 

i s most l i k e l y due to [m-MeC^H^HgPPh^J.X there could be some 

c o n t r i b u t i o n to the conductance due to (Ph^Pj^gX,, compounds, 

which are themselves s l i g h t l y conducting and could be present 

i n supersaturated s o l u t i o n i n i o n i s e d form. Like w i s e the 
- 6 1 -1 

f i n a l conductance (K = 7-1 x 10 ohm cm. f o r c h l o r i d e , 
6 1 -1 

3.0 x 10 ohm cm. f o r bromide) was higher than the i n i t i a l 
- 6 -1 —1 

value of the organomercuric h a l i d e (K= M-.3 x 10" ohm" cm." 
(\ 1 1 

f o r c h l o r i d e , 2.2 x 10 ohm" cm. f o r bromide) due to the 

small amount of (Ph 3P) 2HgX2 i n s o l u t i o n as w e l l as the s a l t 

fMeC^H^HgPPh^Jx. A q u a n t i t a t i v e r e a c t i o n using the same 

s o l u t i o n s of phosphine and c h l o r i d e used i n the conductance 
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r e a c t i o n showed t h a t d0% o f (Ph^P) 2HgCl 2 was p r e c i p i t a t e d 
a f t e r s i x minutes. 

The r e v e r s a l o f the second stage o f the reactions 
RHg X + PPh3 ; > [RHgPPhJx £R 2Hg + i(Ph 3P) 2HgX 2 

i s i n d i c a t e d by the increase i n conductance o f a saturated 
methanol s o l u t i o n of (Ph^P^HgClg (K = 3.8 x 10"^ ohnf 1 c m . - 1 ) , 
on a d d i t i o n of a concentrated s o l u t i o n o f di-m-tolylmercury 
(1 mol), t o a value o f K = 10.0 x 10"^ over a p e r i o d o f hours. 
The increase was i n i t i a l l y f a i r l y r a p i d but decreased over 
several hours to a value which rose very slowly. 

The only phosphine complex o f an arylmercury compound 
was prepared by adding t r i e t h y l p h o s p h i n e to phenylmercurie 
n i t r a t e i n aqueous acetone f o l l o w e d by concentration and 
c r y s t a l l i s a t i o n of (PhHgPEt^NO^. This complex i s a strong 
1:1 e l e c t r o l y t e i n methanol as i n d i c a t e d by i t s equivalent 
conductance. ( A Q = 86.6 ohm - 1cm.2). This compares w i t h 

— 1 2 

s i m i l a r values o f 87.0 and 87.5 ohm cm. found i n methanol 
f o r [EtHgPEt^Br and [EtHgPMe 2Ph]Br r e s p e c t i v e l y . Attempted 
p r e p a r a t i o n of the triphenylphosphine analogue y i e l d e d i n s t e a d 
the d i n i t r a t o complex, ( Ph 3P) 2Hg(N0 3) 2, which demonstrates 
t h a t h a l i d e i s not e s s e n t i a l f o r d i s p r o p o r t i o n a t i o n t o take 
place. Although [PhHgPEt^]NO^ i s stable t o d i s p r o p o r t i o n a t i o n 
i n acetone s o l u t i o n , a d d i t i o n of sodium bromide ( s l i g h t excess 
over 1 mol.) r e s u l t s i n c r y s t a l l i s a t i o n o f diphenylmercury and 
recovery of sodium n i t r a t e and (P E t 3 ) 2 H g B r 2 . 
[phHgPEt 3]N0 3 + NaBr *> £Ph 2Hg + ^ P E t O ^ g B ^ + NaWO 
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A s i m i l a r r e a c t i o n occurs w i t h sodium i o d i d e and t h i s was 
foll o w e d s p e c t r o p h o t o m e t r i c a l l y . Solutions o f [PhHgPEt^jNO^ 
and Nal i n equimolar r a t i o s were mixed and the r e a c t i o n 
f o l l o w e d by t r a c i n g the increasing absorption a t 2800& due t o 
the formation o f the d i s p r o p o r t i o n a t i o n product, (Ph^Pj^gL,. 

2[PhHgPEt 3]l Ph^g + ( P E ^ ^ g L , 

The o p t i c a l d e n s i t y increased r a p i d l y and became constant 
a f t e r 30 minutes a t room temperature corresponding t o Qh.5% 
completion o f the r e a c t i o n . W i t h i n h minutes o f the a d d i t i o n 
the concentration of d i - i o d i d e had reached 7*+. 5$ o f the 
e q u i l i b r i u m value. Constant values o f the r a t e constant, 

, f o r the d i s p r o p o r t i o n a t i o n r e a c t i o n could not be obtained. 
C a l c u l a t i o n s based on the assumption t h a t the r e a c t i o n was of 
second order and r e v e r s i b l e were dependent upon a knowledge o f 
the r e a c t i v e species and even i f t h i s were £PhHgPEt^I 
s i g n i f i c a n t d i s s o c i a t i o n would make eva l u a t i o n o f k^ extremely 
d i f f i c u l t . The r e v e r s i b i l i t y o f the r e a c t i o n was shown by 
adding diphenylmercury t o s o l u t i o n of Nal and [phHgPEt^jNO^ 
i n methanol and measuring the o p t i c a l d e n s i t y a f t e r one hour. 
As the concentration of me r c u r i a l was r a i s e d so d i d the 
concentration o f ( P E t ^ ^ H g ^ f a l l . This i s i n agreement w i t h 
s i m i l a r observations made by Jensen on the e f f e c t o f added 
d i a l k y l m e r c u r i a l on the ammonia d i s p r o p o r t i o n a t i o n o f esters 
o f C6H?CH(HgBr)C00R. 
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Conclusions 
A summary of the f i n d i n g s i n d i c a t e t h a t complex s a l t s 

[RHgPR^jx can be i s o l a t e d only i n c e r t a i n cases. Those derived 
from the more i o n i c anions and c a t i o n i c methylmercury complexes 
are stable but h a l i d e s a l t s slowly d i s p r o p o r t i o n a t e . T r i -
phenylphosphine complexes could not be i s o l a t e d w i t h organo-
mercuric h a l i d e s although t h e i r f o r m a t i o n was i n d i c a t e d by 
conductdmetric t i t r a t i o n s . Although arylmercuric h a l i d e s 
d i s p r o p o r t i o n a t e d on r e a c t i o n w i t h t e r t i a r y phosphines one 
stable s a l t , [phHgPEt^]NO^, was i s o l a t e d . I t s triphenylphosphine 
analogue r a p i d l y d i s p r o p o r t i o n a t e d showing t h a t h a l i d e was not 
necessary f o r such a r e a c t i o n t o occur. Phosphorus and arsenic 
ligands formed much more stable complexes than thos&of n i t r o g e n . 
The only s t a b l e representatives of the l a t t e r type of compound 
i s o l a t e d were [MeHgpyjciO^ and [MeHgbipyjNO^. 

The r a t e of the d i s p r o p o r t i o n a t i o n r e a c t i o n was dependent 
upon the organic group attached t o the mercury atom, anion, 
phosphine, solvent and temperature. The r a t e increased w i t h 
increasing temperature and also w i t h i n c r e a s i n g d i e l e c t r i c 
constant of the s o l u t i o n , methanol > acetone > t e t r a h y d r o f u r a n 
> benzene. Although i n most cases changes i n the nature 

of the t e r t i a r y phosphine had l i t t l e e f f e c t on the r a t e of 
d i s p r o p o r t i o n a t i o n , the formation o f a stable s a l t between 
t r i e t h y l p h o s p h i n e and phenylmercurie n i t r a t e i s i n sharp 
contrast t o the r a p i d d i s p r o p o r t i o n a t i o n brought about by 
triphenylphosphine. The important r o l e played by the anion 
i s shown i n t h a t the only arylmercury t e r t i a r y phosphine 



- 152 -

complex t h a t could be i s o l a t e d was [PhHgPEt^] NO^ i n which the 
anion had l i t t l e c o - o r d i n a t i v e a f f i n i t y f o r mercury. S i m i l a r l y , 
complex s a l t s derived from the more i o n i c anions ,such as 
SIO^", BF^", Cr(NH^) 2(3CN) l f ~ showed no tendency to d i s ­
p r o p o r t i o n a t e and these anions formed stable compounds w i t h 
the methyl(triphenylphosphine)mercury c a t i o n . Disproportiona-
t i o n always occurred w i t h h a l i d e anions and triphenylphosphine £ 
s a l t s could not be i s o l a t e d . The r a t e o f d i s p r o p o r t i o n a t i o n 
was shown to decrease w i t h decreasing a f f i n i t y of the halogen 
f o r the methylmercury c a t i o n I > Br > C 1 . 

The remaining f a c t o r o f major importance i s the i n f l u e n c e 
of the organic group attached to the mercury atom. The o v e r a l l 
i n d i c a t i o n i s t h a t e l e c t r o n withdrawing groups f a c i l i t a t e 
d i s p r o p o r t i o n a t i o n and thus p e r c h l o r o v i n y l - , trichloromethyi, 
carbomethoxy- and a r y l - mercuric h a l i d e s d i s p r o p o r t i o n a t e 
r a p i d l y w i t h t e r t i a r y phosphines whereas methyl d e r i v a t i v e s 
form i s o l a b l e complexes which only d i s p r o p o r t i o n a t e slowly. 
The r a t e o f d i s p r o p o r t i o n a t i o n of a l k y l m e r c u r i e h a l i d e s on 
r e a c t i o n w i t h triphenylphosphine appears t o be i n the order 
Me > Et > n-Pr « n-Bu. 

The mechanism of the d i s p r o p o r t i o n a t i o n r e a c t i o n cannot 
be e l u c i d a t e d w i t h o u t d e t a i l e d k i n e t i c data. However, i t 
does not seem unreasonable t o assume t h a t the r e a c t i o n i s 
second order w i t h respect t o both t e r t i a r y phosphine and 
organomercuric h a l i d e by analogy t o the s i m i l a r r e a c t i o n 
between ammonia and esters of ol-bromomercuriphenylacetic a c i d . 
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The r e v e r s i b i l i t y o f the r e a c t i o n s : 
RHgX + PR^ [RHgPR^X iR 2Hg + KPR^HgXg 

has been e s t a b l i s h e d and again i t seems a f a i r assumption 
t h a t the intermediate s a l t plays some r o l e , p o s s i b l y i n the 
les s i o n i c form t 

R - Hg / 
*PR3 

i n the d i s p r o p o r t i o n a t i o n t r a n s i t i o n complex. The idea o f 
a U-eentre t r a n s i t i o n complex as po s t u l a t e d i n the ammonia 

12k-c> 
d i s p r o p o r t i o n a t i o n , the r e a c t i o n o f R2Hg and HgC^, and 

126 

the cleavage of di-organomercurials w i t h HC1 i s also 
acceptable, but the a c t u a l s t r u c t u r e of t h i s complex i s a 
matter of speculation. 
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Reactions o f dimethylcadmiura 
w i t h compounds co n t a i n i n g 

a c i d i c hydrogen. 



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

The work described i n t h i s s e ction i s concerned w i t h 
the r e a c t i o n s of dimethylcadmium and compounds such as 
alc o h o l s , t h i o l s and secondary amines which c o n t a i n a c i d i c 
hydrogen. The i n t e r e s t l i e s i n the co - o r d i n c a t i o n complexes 
r e s u l t i n g from such r e a c t i o n s when only one methyl group i s 
displaced. For example dimethylcadmium r e a c t s w i t h ethanol 
evolving methane: 

Me2Cd + EtOH * MeCdOEt + MeH 
I n the product, methylcadmium aethoxide, the acceptor 
character of the metal i s enhanced by the replacement of one 
of the carbon atoms by a more e l e c t r o n e g a t i v e element, i n t h i s 
case oxygen, and the donor character of oxygen i s s i m i l a r l y 
enhanced by attachment t o a more e l e c t r o p o s i t i v e element, 
cadmium. These f a c t o r s lead t o a s s o c i a t i o n and an increase 
i n the eo-ordination number o f the metal, S i m i l a r e f f e c t s 
have been observed w i t h Group I I I metals where a s s o c i a t i o n o f 
s i m i l a r d e r i v a t i v e s can occur t o give dimeric species shown 
i n f i g u r e ( i ) 

Et Et R 
A l A l 

R Et Et 
( i ) 
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However the formation o f dimers, f i g u r e ( i i ) of organocadmium 
d e r i v a t i v e s would y i e l d complexes 

R' 

R Cd Cd R 

R1 

( i i ) 
c o n t a i n i n g the metal i n a s t a t e of three c o - o r d i n a t i o n , which 
i s s t i l l c o - o r d i n a t e l y unsaturated and capable of f u r t h e r 
a s s o c i a t i o n . The formation o f tetramers and more h i g h l y 
associated species would be opposed on entropy and i n some 
cases s t e r i c grounds. Go-ordination complexes derived from 
the r e a c t i o n s o f dimethylcadmium w i t h some alcohols and t h i o l s 
r e s p e c t i v e l y i n equimoifcar r a t i o s were t h e r e f o r e prepared. 

General 
The organic d e r i v a t i v e s of the elements o f Group I I show 

a gra d a t i o n of r e a c t i v i t y which p a r a l l e l s the decreasing 
e l e c t r o p o s i t i v e nature o f the metals. 

Organic compounds o f calcium, strontium and barium have 
been l i t t l e studied. S o l i d dimethyl d e r i v a t i v e s of a l l three 
metals have been obtained and they are h i g h l y r e a c t i v e and 
resemble methyl l i t h i u m i n many of t h e i r r e a c t i o n s . 

Apart from the extremely u s e f u l Grignard reagents, 
magnesium forms organic d e r i v a t i v e s of the type, R2Mg. These 
can be obtained from the d i a l k y l - or d i a r y l - m e r c u r i a l on 
r e a c t i o n w i t h magnesium or by p r e c i p i t a t i n g the s p a r i n g l y 
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soluble dioxan-magnesium h a l i d e complex on a d d i t i o n o f dioxan; 
the dialkylmagnesium compound l e f t i n s o l u t i o n can be obtained 
by concentration-^. Dimethylmagnesium can be sublimed only 
w i t h d i f f i c u l t y i n a good vacuum although i t sublimes a 
l i t t l e more r e a d i l y i n a stream of ether vapour - p o s s i b l y 
as a c o - o r d i n a t i o n complex. Powder photograph studies show 
t h a t dimethyi3imagnesium e x i s t s i n the s o l i d phase as polymeric 
chains. J The magnesium atoms are connected by methyl bridges 
w i t h an almost t e t r a h e d r a l arrangement of methyl groups about 
each magnesium atom as shown i n f i g u r e ( i i i ) . The bond 

Me \ Me 
Mg Mg Mg / Me 

Me 

( i i i ) 

distances i n d i c a t e a more s t r o n g l y bound polymer than d i m e t h y l -
b e r y l l i u m which explains the lower v o l a t i l i t y o f the magnesium 
compound. 

The organic compounds of b e r y l l i u m resemble those of 
magnesium and some Group I I I metal d e r i v a t i v e s i n e x h i b i t i n g 
a tendency of the metal to u t i l i z e a l l of i t s low energy 
o r b i t a l s i n bonding, thus leading t o the formation of e l e c t r o n 
d e f i c i e n t s t r u c t u r e s . Although b e r y l l i u m i s most f r e q u e n t l y 
f o u r co-ordinate i n i t s compounds i t i s o c c a s i o n a l l y found i n 
a s t a t e of j3p_ h y b r i d i s a t i o n i n two covalent compounds such as 
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p 
the monomeric d i - t . - b u t y l d e r i v a t i v e and sp h y b r i d i s e d i n 
thre e covalent compounds such as l y ^ B e * — NMe^ 

So l i d d i r a e t h y l b e r y l l i u m has a covalent long chain 
polymeric s t r u c t u r e w i t h b r i d g i n g methyl groups approximately 
t e t r a h e d r a l l y arranged about the b e r y l l i u m atoms, f i g u r e CLv), 
s i m i l a r t o dimethylmagnesium. Me \ 

( i v ) 
Three centre molecular o r b i t a l s Be(sp^) + C(sp^) + Be(sp^) 
are most l i k e l y formed g i v i n g bent Be - C - Be bonds each 
containing two e l e c t r o n s . I n the formulae shown dotted l i n e s 
represent h a l f bonds. 

„-Me^ ^ v. 
Me Be—Me Me Be^" ^Be Me 

monomer "*Me 

dimer 

Me 
^ ^ M e ^^ / \ 

Me B e ^ ^ *2Be' >Be—Me •Me" " N ' 
Me 

t r i m e r 
( v ) 

The polymer i s broken i n t o smaller u n i t s on heating and studies 
o f the vapour phase between 160-200° i n d i c a t e t h a t d i m e t h y l -
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b e r y l l i u m i s composed of monomer, dimer and t r i m e r , f i g u r e ( v ) , 
at t h i s temperature. Higher polymers become s i g n i f i c a n t a t 

7 
near s a t u r a t i o n c o n d i t i o n s ; ' 

The organic d e r i v a t i v e s of z i n c , cadmium and mercury do 
not show a s u f f i c i e n t tendency t o increase t h e i r covalency 
above the group valency of two t o give r i s e t o e l e c t r o n 
d e f i c i e n t s t r u c t u r e s . The d i a l k y l d e r i v a t i v e s of z i n c , cadmium 
and mercury are thus covalent monomeric compounds which have 
a c o - l i n e a r s t r u c t u r e and hence are non-polar. Studies o f 
the i n f r a - r e d spectra of the dimethyl d e r i v a t i v e s i n d i c a t e 
t h a t the methyl groups are f r e e l y r o t a t i n g . The b o i l i n g 
p o i n t s o f these compounds show a s u r p r i s i n g anomalous order, 
Me2Zn, Mf°; Me2Gd, 105 .5° ; MegHg, 9 2 ° * Dimethylcadmium 
must be d i s t i l l e d at reduced pressure to avoid thermal 
decomposition and the higher d i a l k y l homologues of a l l three 
metals are t h e r m a l l y unstable a t room temperature and slowly 
decompose w i t h d e p o s i t i o n of metal and l i b e r a t i o n of hydrocarbon. 

Co-ordination complexes of Group I I metal 
d i a l k y l s and d i a r y l s 

Many c o - o r d i n a t i o n complexes derived from d i a l k y l and 
d i a r y l d e r i v a t i v e s of b e r y l l i u m , magnesium, zinc and cadmium 
on r e a c t i o n w i t h ligands containing donor atoms of Groups V 
and V I r e s p e c t i v e l y have been prepared. Only those mercurials, 
such as (CF^) 2Hg, (CCL^Hg and (CgF^Hg, which c o n t a i n a l k y l 
or a r y l groups h i g h l y s u b s t i t u t e d w i t h e l e c t r o n withdrawing 
elements form s i m i l a r complexes, probably due t o the i n a b i l i t y 
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of the mercury atom t o accept a f u r t h e r p a r t i a l negative charge 

Be r y l l i u m 

D i m e t h y l b e r y l l i u m has a long chain polymeric s t r u c t u r e 
which gives co-ordinate s a t u r a t i o n t o the b e r y l l i u m atoms. 
Due t o the s t a b i l i t y of t h i s arrangement c o - o r d i n a t i o n complexe 
are formed only w i t h those donor molecules where the heat of 
co- o r d i n a t i o n i s greater than the heat of po l y m e r i s a t i o n o f 
di m e t h y l b e r y l l i u m . As would be expected on grounds of e l e c t r o 
n e g a t i v i t y trimethylamine forms a very stable 1:1 complex,^ 
Me2Be<—NMe^ m.p. 3&°• A s l i g h t degree o f a s s o c i a t i o n i s 
observed i n benzene s o l u t i o n ^ (ca. 12$) and the complex i s 
stable as a monomer^ up to 180°. 

The donor s t r e n g t h of trimethylphosphine towards b e r y l l i u m 
i s l e ss than t h a t o f trimethylamine and i s comparable t o the 
str e n g t h of a s s o c i a t i o n between d i m e t h y l b e r y l l i u m molecules. 
This leads t o a range of s t o i c h i o m e t r i c complexes being formed. 
The formation o f (Me^P^BeMe,-, and absence o f any re p o r t o f the 
successful p r e p a r a t i o n of the trimethylamine analogue i s 
s u r p r i s i n g as the amine i s a stronger donor than the phosphine. 
I t has been proposed t h a t the lack of formation of 
(Me^W)9BeMe9 i s u n l i k e l y t o be s t e r i c as both (MeoP) 9BeMe 9 and 

Dimethyl and d i e t h y l ethers have a s i m i l a r a f f i n i t y f o r 

d i m e t h y l b e r y l l i u m as trimethylphosphine and i n an analogous 

Me^Be 2 N 
NMe2 CH 

are known and the fo r m a t i o n i s 
NMe2 CH2 p o s s i b l y opposed by entropy e f f e c t s . 
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manner a range of products i s formed. The s t r e n g t h o f 
c o - o r d i n a t i o n i s less f o r ethers than trimethylphosphihe as 
i n d i c a t e d by the lower temperatures a t which the compounds 
d i s s o c i a t e . Dimethyl sulphide and t r i m e t h y l a r s i n e complexes 
of d i m e t h y l b e r y l l i u m could not be prepared. The order o f 
donor s t r e n g t h of the ligands discussed towards dimethylberyllium 
i s thus Me^N > Me^P > 0Me 2 > AsMe^, SMe2 = 0. 

Bidentate ligands form r e l a t i v e l y stable complexes w i t h 
b e r y l l i u m . Those complexes derived from 2i2'- b i p y r i d y l and 
organo-beryllium compounds are i n several instances h i g h l y 
coloured and i t was suggested t h a t the colour i s due t o 
e l e c t r o n - t r a n s f e r from one o f the b e r y l l i u m - a l k y l or - a r y l 
bonds t o the lowest unoccupied o r b i t a l o f the b i p y r i d y l . 1 1 

This proposal i s supported by subsequent e l e c t r o n spin 
1 p 

resonance studies which i n d i c a t e t h a t the chelate complexes 
derived from such ligands as 2 : 2 ' b i p y r i d y l and 1s10 

-phenanthroline contain two unpaired e l e c t r o n s . 
Chelating ether complexes can be obtained and are s t a b l e 

t o d i s s o c i a t i o n i n c o n t r a s t t o the d i m e t h y l - and d i e t h y l - ether 
d e r i v a t i v e s . Thus, 1 , 2 - dimethoxyethane forms a c r y s t a l l i n e 
complex, f i g u r e ( v i ) , which i s monomeric i n benzene and can be 

Me 
Me. ° ? H 2 

M e ^ 0 G H 2 
Me 

( v i ) 
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sublimed at 70?/0.06 mm., i n d i c a t i n g t h a t the d i s s o c i a t i o n 
11 

pressure i s low. 
Higher b e r y l l i u m d i a l k y l s also form complexes and 1:1 

adducts w i t h trimethylamine are reported f o r d i e t h y l - and 
13 

d i - i s o p r o p y l - b e r y l l i u m . J A 2:1 adduct between t r i r a e t h y l -
amine and d i e t h y l b e r y l l i u m , (Me^N) 2BeSt 2, which d i s s o c i a t e s 
above - 35° i s also reported. 1* 4" 2 : 2 ' - B i p y r i d y l forms a red 
monomeric complex, bipy.BeEt 2, and an orange-yellow adduct, 
also monoraeric i n benzene, i s formed w i t h two molecules of 
p y r i d i n e , py 2.BeEt 2.' 
Magnesium 

Dioxan forms 1:1 adducts w i t h magnesium d i a l k y l s during 
the p r e p a r a t i o n o f the l a t t e r from dioxan s o l u t i o n . Flash 
d i s t i l l a t i o n ' i n vacuo 1 gives the pure d i a l k y l as a polymeric 

1 5 
s o l i d . J Other complexes of magnesium d i a l k y l s are the 
1:1 adducts obtained from tetramethylethylenediamine, which 
are c r y s t a l l i n e s o l i d s o f h i g h thermal s t a b i l i t y 1 ^ and are 

17 
monomeric i n benzene . Diphenylmagnesium forms a s o l i d 
2:1 complex w i t l i " t e t r a h y d r o f u r a n which i s also monomeric i n 
benzene. 
Zinc 

Organozinc compounds form c o - o r d i n a t i o n complexes of the 
types L.ZnR2 and I^ZnFL, w i t h ligands containing n i t r o g e n , 
phosphorus, arsenic, oxygen and sulphur donor atoms. Many 
of these compounds are weakly co-ordinated and d i s s o c i a t e t o 
the corresponding d i a l k y l z i n c and l i g a n d i n s o l u t i o n . 
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Nitrogen and phosphorus ligauds 
Trimethylamine forms a st a b l e 1:1 adduct w i t h dimethyzinc, 

Me^N.ZnMe2, which i s monomeric i n benzene. The 2:1 complex, 
which can be prepared, i s f u l l y d i s s o c i a t e d i n s o l u t i o n . 
Triethylamine and p y r i d i n e r e s p e c t i v e l y form only 1:1 complexes 
w i t h dimethylzinc and Ihe l a t t e r i s p a r t i a l l y d i s s o c i a t e d i n 
s o l u t i o n even at low temperature and i s d i f f i c u l t t o i s o l a t e 

18 
i n s t o i c h i o m e t r i c composition. I s o q u i n o l i n e , however, forms 

o 19 a complex, (C^H^N^ZnEtp, m.p. 25-28 w i t h d i e t h y l z i n c . 7 

T e r t i a r y phosphine complexes have been prepared using t r i -
phenylphosphine. Diphenylzinc and i t s f l u o r i n a t e d analogue 
both give 2:1 adducts, Ph 2Zn(PPh^) 2, m.p. 1*+2-30-, 

(C^F^) 2Zn(PPh^) 2, rn.p. 166-7°? but no such complex could be 
obtained w i t h d i b u t y l z i n c . This i s i n keeping w i t h an increase 
i n donor-acceptor bond s t r e n g t h due t o the increasing e l e c t r o ­
negative character of the organic group attached to zinc which 
enhances the polar character of the zinc-carbon bond. Thus 
d i b u t y l z i n c forms fewer and l e ^ s stable complexes than d i ­
phenylzinc. S t a b i l i s a t i o n of complexes of phosphorus and 
arsenic ligands by d-^ - d f f back-co-ordination between the f i l l e d 
3d o r b i t a l s of zinc and empty d o r b i t a l s on the ligands can not 
be of great importance and the s t r e n g t h of the l i g a n d t o zinc 
0" bond i s the major f a c t o r . This i s shown by the increased 

s t a b i l i t y o f organozinc complexes corresponding to the increased 
e l e c t r o n e g a t i v i t y of the group bonded t o the zinc atom, which 
tends t o increase the s t r e n g t h o f the <T bond formed w i t h 
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the l i g a n d but decrease the p o s s i b i l i t y o f back-coordination. 
Chelating ligands 

Bidentate n i t r o g e n containing ligands form s t r o n g l y bound 
complexes with organozinc d e r i v a t i v e s . Thus, N,N,N',N fTtetra-

1 ft 
methylethylenediamine y i e l d s 1:1 adducts w i t h dimethyl, 

20 

d i b u t y l , diphenyl and dip e n t a f l u o r o p h e n y l - z i n c i n which the 
l i g a n d i s assumed t o be c h e l a t i n g and the zinc i s i n a s t a t e 
o f spJ h y b r i d i s a t i o n w i t h t e t r a h e d r a l c o n f i g u r a t i o n . 
2 ; 2 s - B i p y r i d y l gives complexes varying i n colour from deep red 
t o c olourless depending upon the organic group attached t o 

11 1 ft 91 
z i n c . * > A s i m i l a r colour t r a n s i t i o n e f f e c t i s observed 

o l i n e . I B p i 
i n the complexes o f 1 , 1O-phenanthraee&e ' due t o an 
analogous e f f e c t t o t h a t p o s t u l a t e d f o r the b e r y l l i u m compounds'.1 c 

Chelating phosphine and arsine complexes of bisorganozinc 
d e r i v a t i v e s have been i s o l a t e d w i t h bisdlphenylphosphino-

ethane (Bu n, m.p. 11^°;-; Ph, ra.p. 185-7°;. C 6F ?, 211-3°) and 
o-phenylenebis(dimethylarsine:.) (Bu 1 1, l i q u i d ; Ph, m.p. 132-3° ; 

C^F^, m.p. 136-7°) r e s p e c t i v e l y . The decreasing a f f i n i t y o f 
zinc f o r the heavier donor atoms of Group V i s i n d i c a t e d by 

the f a i l u r e of attempts to prepare the Pl^AsCE^CI^AsPl^ and 
t r i p h e n y l a r s i n e complexes r e s p e c t i v e l y , analogous t o those of 

20 
phosphorus which are reported. 
Oxygen and sulphur donors 

22 
Frankland f i r s t i n d i c a t e d the formation o f a complex 

between dimethylzinc and dimethylether i n 1859. Subsequent 
23 

work showed t h a t a 1:1 complex, Me2Zn.0Me2, which l o s t ether 
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on f r a c t i o n a l d i s t i l l a t i o n , was formed between these two 
components. Dimethylzinc also y i e l d s l i q u i d c o - o r d i n a t i o n 
complexes w i t h ethylene-, t r i m e t h y l e n e - , tetramethylene-
and pentamethylene- oxide r e s p e c t i v e l y which are d i s s o c i a t e d 
i n s o l u t i o n . The formation of 1:1 adducts 

M e 2 Z n « — 0 C ^ I a n d Me 2Zn «-r~JO' yGE2 
CH2

 X C H 2 

and 2:1 complexes Me 2Zn[°(CH 2) l f] 2 and Me 2Zn [o(CH 2 )^ j 2 i s 
s u r p r i s i n g on s t e r i c grounds since i t might be expected t h a t 
the smaller ligands would form a 2:1 complex more r e a d i l y . 
The experimental observations have been explained as being 
due to the p.-character o f the bonding o r b i t a l s of the oxygen, 
which i s favoured by in c r e a s i n g r i n g s i ze. 

Bidentate oxygen ligands form both 1:1 and 2:1 adducts 
w i t h organozinc d e r i v a t i v e s . A colourless l i q u i d , b.p. 91°j 
i s obtained on mixing dimethylzinc and dimethoxyethane i n 1:2 

p r o p o r t i o n s . The 1:2 adduct ^ p 

. 0 '(JHgCHgOMe 
Me2Zn 

0 CHoCHo0Me 
Me d d 

d i s s o c i a t e s i n s o l u t i o n t o give a 1:1 compound, which i s also 
d i s s o c i a t e d i n s o l u t i o n , but can be c r y s t a l l i s e d on co o l i n g t o 
give a low. m e l t i n g s o l i d , m.p. 5 - 5 ° . Above 50° t h i s 1:1 

complex d i s p r o p o r t i o n a t e s to dimethylzinc (b.p. *+6°) and the 
2:1 complex (b.p. 9 2 ° ) . The 1:1 chelate complexes .^o—CH 

R 2 Z n J C i 2 

0—CKU 
Me ^ 
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derived from bispentafluorophenyl- and diphenylzinc are much 
more stable towards d i s s o c i a t i o n and ether i s not l o s t 

20 

i n vacuo at room temperature. The chelate complexes formed 
between dimethylzinc and 1 , ! + -dioxan and 1 , ^ - t h i o x a n , 
f i g u r e ( v i i ) , are also stable t o d i s s o c i a t i o n and molecular 0 0 / CH CH Me Me CH CH 

Zn Zn \ CH CH Me Me CH CH 

( v i i ) 
weight determinations on the former i n d i c a t e t h a t i t i s 

oh 

monomeric i n benzene. D i a r y l z i n c dioxanates such as 
PhgZnCOgC^), m.p. 105° and (a - MeCgH^ZnCO^Hg), m.p.69-71° 

are also reported. -?' 
Cadmium 

Ligands containing only one donor atom y i e l d l i q u i d 1:1 

complexes w i t h dimethylcadmium which d i s s o c i a t e i n t o t h e i r 
components a t low temperature making i t d i f f i c u l t t o i s o l a t e 
these compounds i n s t o i c h i o m e t r i c composition. Thus 
dimethylcadmium i s l o s t from the p y r i d i n e complex and the 
Me 2Cd,0(CH2)i + complex slowly loses t e t r a h y d r o f u r a n on 
d i s t i l l a t i o n . The tendency o f complexes of cadmium d i a l k y l s 
to d i s s o c i a t e i n co n t r a s t t o other s i m i l a r complexes o f 
Group I I metals so f a r discussed i s : f u r t h e r e x e m p l i f i e d i n 
the chelate compounds. N,N,N'jN'-tetraethylethylenediamine 
deposits a 1:1 c r y s t a l l i n e complex from hexane s o l u t i o n which 
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can be sublimed a t 55° i n vacuo. Cryoscopic determinations 
of molecular weight show t h a t the complex i s s l i g h t l y 
d i s s o c i a t e d i n benzene. The complex has a smell of dimethyl-
cadmium presumably due to d i s s o c i a t i o n , p o s s i b l y by an opening 
of the chelate complex and subsequent d i s s o c i a t i o n of the 

adduct s i m i l a r t o t h a t observed w i t h the T.H.F. and p y r i d i n e 
27 

compounds. ' 
Et, 

Me 

Me 
Cd / 
\ 

CH, 

Me2Cdj NEt 2 CH^H^ NEt, 

N-
Et, 

CH, 11 
Me2Cd + Et 2NCH 2CH 2NEt 2 

The b r i g h t yellow bipyridyldimethylcadmium complex, 
decomposition from 120°, which loses dimethylcadmiura on 
pumping a t room temperature 1 1 i s also very much d i s s o c i a t e d 
i n benzene s o l u t i o n . I n co n t r a s t the complex derived from 
dimethylcadraium and 1,10 - phenanthroline, f i g u r e ( v i i i ) i s 

Me. 
cdjr 

( v i i i ) 
27 monomeric i n benzene.e~' Dimethylcadmium forms a 1:1 complex 

w i t h 1 , i f - d i o x a n , f i g u r e ( i x ) , m.p. 57°» which can be vacuum 
sublimed. I n benzene s o l u t i o n , however, the complex i s 
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almost completely d i s s o c i a t e d . This i s i n sharp contrast t o 

0 CH X 
CH Me 

Cd \ CH 
Me 

CH 

( i x ) 

the zinc a n a l o g u e w h i c h i s monomeric and undissociated i n 
benzene. Diarylcadmium d e r i v a t i v e s also form s o l i d complexes 
w i t h dioxan. 
Mercury 

No c o - o r d i n a t i o n complexes of a l k y l - or a r y l - m e r c u r i a l s , 
w i t h the exception of c h l o r i n a t e d and f l u o r i n a t e d d e r i v a t i v e s , 
have been i s o l a t e d . I n d i c a t i o n s of the f o r m a t i o n of 1:1 and 
2:1 compounds between such ligands as p i p e r i d i n e , t r i p h e n y l -
phosphine and acetone r e s p e c t i v e l y and diphenylmercury have 
been obtained by o s c i l l i m e t r i c t i t r a t i o n i n benzene s o l u t i o n 
but the concentration of such complexes i f formed must be 
small and they d i s s o c i a t e very r e a d i l y . 

Reactions of Group I I metal d i a l k y l s 
w i t h a c i d i c hydrogen 

The steady decrease i n r e a c t i v i t y of d i a l k y l s o f Group I I 
w i t h ligands such as water and a l c o h o l which contain a c i d i c 
hydrogen bonded t o an atom o f donor character i s most s t r i k i n g . 
This t r e n d f o l l o w s the decreasing e l e c t r o p o s i t i v e nature o f 
the metals i n such a way t h a t d i m e t h y l b e r y l l i u m and 
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dimethylzinc are hydrolysed by water w i t h explosive v i o l e n c e , 
diraethylcadmium i s l e s s vigorous i n i t s r e a c t i o n but r a p i d l y 
evolves methane on h y d r o l y s i s and dimethylmercury i s wi t h o u t 
r e a c t i o n even w i t h d i l u t e oxyacids. 
B e r y l l i u m 

Donor molecules containing r e a c t i v e hydrogen also 
co-ordinate t o d i m e t h y l b e r y l l i u m . 7 Methane i s r e a d i l y 
e l i m i n a t e d from such complexes and the r e s u l t i n g compounds 
associate t o give dimeric, t r i m e r i c or polymeric products. 
Methane i s evelved so r a p i d l y from methanol and dim e t h y l ­
b e r y l l i u m t h a t the adduct Me2Be.MeOH i s not observed and on l y 
the dimeric product, f i g u r e ( x ) i s i s o l a t e d . 

Me 

/ \ 
Me Be' Be—Me \ / 

Me 

(x) 

The compound i s stable to 120 w but above t h i s temperature 
d i s p r o p o r t i o n a t i o n t o d i m e t h y l b e r y l l i u m and b e r y l l i u m methoxide 

occurs! (MeBeOMe)2 > Me2Be + Be(0Me) 2 

Methane t h i o l and dimethylphosphine both react w i t h d i m e t h y l ­
b e r y l l i u m , the product o f the l a t t e r r e a c t i o n i s apparently 
polymeric but n e i t h e r of the products were characterised. 
Dimethylamine complexes w i t h d i m e t h y l b e r y l l i u m t o give a s o l i d 
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adduct which melts as hh° w i t h e v o l u t i o n of methane and 
formation of a complex t r i m e r , (MeBe.NMe,,)^, m.p. 55-56°, f o r 
which a c y c l i c s t r u c t u r e haS been p o s t u l a t e d , f i g u r e ( x i ) , 

NMe.-. »BeMe 

/ \ 
MeBe KMe0 \ / 2 

NMe2 BeMe 
( x i ) 

Phenol and d i m e t h y l b e r y l l i u m i n 2:1 p r o p o r t i o n s give b e r y l l i u m 
phenoxide^ 0 even a t -70° : 

Et~0 
Me0Be + 2PhOH — % MeOH + Be(0Ph) o 

2 -70° 2 

D i m e t h y l b e r y l l i u m reacts w i t h both p i p e r i d i n e and morpholine 
to give the 1:1 adducts, Me2BeHNC^H10 and Me2BeHNClfHgO, 
re s p e c t i v e l y . Above 0°C these compounds evolv.e. methane —but 

^1 
no molecular weight i n f o r m a t i o n f o r the products i s g i v e n . J 

Above 20° i n the presence of excess amine a second molecule 
of methane i s evolved g i v i n g the products Be(NC^H^Q)2 and 
BedtfC^HgO)2 r e s p e c t i v e l y , 

N-SMethyl s u b s t i t u t e d ethylenediamines also complex w i t h 
11 

d i m e t h y l b e r y l l i u m , e l i m i n a t e methane a t t h e i r r espective 
decomposition temperatures and form associated or polymeric 
compounds i n which the b e r y l l i u m atoms are t e t r a h e d r a l l y 
surrounded and c o - o r d i n a t i v e l y saturated. 
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NNN' - Trimethylethylehedlamine forms a complex which loses 
methane at room temperature to give a dimeric product, m.p. 

Polymeric products were the f i n a l compounds isolated from 
ethylenediamines containing two or more acidic hydrogens. 

Higher al k y l s of beryllium also react vigorously w i t h 
acidic hydrogen. Violent hydrolysis of diethylberyllium 
occurs even at low temperatures and methanol reacts v i o l e n t l y 
at - 8 0 ° . ^ Diphenylamine reacts less vigorously i n benzene 
solution l i b e r a t i n g two moles of ethane and giving the 
insoluble complex, BeCNPfc^^j which i s no doubt associated.^3 

N-Methyl substituted hydrazines also evolve ethane with 
diethylberyllium forming such products as (EtBeNMeNMe2)x, f o r 
which a degree of association of about 1?^- i n benzene solution 
has been reported. Other derivatives are highly associated 
or polymeric but even with excess hydrazine both ethyl groups 
are not q u a n t i t a t i v e l y cleaved. 

Di-isopropylberyllium reacts with one molar r a t i o of 

1 1 6 - 1 1 8 ° , figure ( x i i ) . 

NHMe CH N CH / Me v Me 
Be e 

Me NMe CH CH N 
NMe CH 

Me A 
/ Me CH 

Me 
N 2 

Me 
( x i i ) 



- 180 -

methanol to give isopropylberyIlium methoxide, (i-PrBeOMe)n 
and propane. A similar reaction occurs with dlmethylamine 
and dimethylaminoisopropylberylliumjCi-PrBeNMeg)^ i s formed. 
With excess dimethylamine di-isopropyl- and d i - t - b u t y l b e r y l l i u m 
react i n an analogous manner and y i e l d t r i m e r i c bis-
dimethylaminoberyllium, [Be(NMe£)3• 

Magnesium 
Relatively few observations of the reactions of magnesium 

di a l k y l s have been made by comparison to beryllium and zinc 
compounds. Trimethylethylenediamine does, however, react 

17 
w i t h dimethylmagnesium ' i n 1:1 proportions l i b e r a t i n g methane 
and forming a product, (MeMgNMeCHgCHgNMeg^? which i s dimeric 

11 

i n benzene, analogous to the corresponding beryllium compound. 

Zinc 
Reactions between zinc d i a l k y l s and various alcohols-* 

amines^'37 and phosphines-^ have been observed but i n these 
cases the complex resulti n g from the loss of only one a l k y l 
group was either not isolated or i f i t was, no further 
inv e s t i g a t i o n of i t s properties other than the f a c t that i t 
was soluble i n non-polar solvents was reported. 

Recently the reactions of dimethyl- and d i e t h y l - zinc 
with some alcohols, t h i o l s and secondary amines have been 
r e p o r t e d . ^ The co-ordination complexes r e s u l t i n g from the 
displacement of one a l k y l group were observed and found to 
have i n t e r e s t i n g constitutions. Reaction of dimethylzinc 
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with alcohols i n 1:1 proportions produced,in a l l cases 
a 

studied,alkoxides which were t e t i p e r i c i n benzene solution, 
(MeZnOR)^. Observation of the proton magnetic resonance 
spectra of the methoxide and t_-butoxide respectively suggested 
that the former could exist i n isomeric forms which were 
denied to the l a t t e r on s t e r i c grounds. Only the phenoxide, 
of the methylzinc series, formed a pyridine derivative, 
f i g u r e ( x i i i ) , which suggests that the zinc atoms i n these 

Ph 

Zn Zn 
/ \ / N 

Me \ / py 
0 
i 
Fh 

( x i i i ) 

complexes have a substantial degree of co-ordinative saturation. 
Thiols, R'SH (R1 = Me, P r n and Ph) reacted w i t h dimethyl-

zinc to give apparently polymeric solids,(MeZnSR1) ,from 
which pyridine complexes could not be isolated. On heating, 
disproportionation occurred as i t did with the alkoxides 
(except the t-butoxide which evolved isobutene). Branched 
chain t h i o l s reacted w i t h dimethylzinc to give compounds 
soluble i n benzene. The i s o p r o p y l t h i o l derivative was 
hexameric i n benzene, (MeZnSPr1)^, and that derived from 
t - b u t y l t h i o l was pentameric, (MeZnSBu^)^. A pyridine derivative 
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(MepyZnSBu*)^ of the l a t t e r was also prepared. 
On reaction of dimethylzinc with dimethylamlne only 

bisdimethylaminozinc, ^ ( M e ^ J ^ n ^ was formed. Diphenylzinc 
however, gave a dimerlc product, (MeZnNPh2)2, while NNN1-
trimethylethylenediamine gave the product, (MeZnNMeCH2CH2NMe2)2, 
analogous to the beryllium derivative. 

The reactions of the d i a l k y l s of cadmium with molecules 
containing reactive hydrogen have been r e l a t i v e l y l i t t l e 
studied and d i a l k y l mercurials are stable even to water. 

Reactions of sodium bis ( t r i m e t h y l s i l y l ) a m i d e with zinc, 
cadmium and mercury halides respectively y i e l d the v o l a t i l e 
products, (Me^3i) 2N-M -N(SiMe^) 2, which are monomeric probably 
due to the s t e r i c effect of the large silylamide group. 

A series of observations of the reactions of hydrides of 
s i l i c o n , germanium and t i n with d i a l k y l s of zinc, cadmium and 
mercury respectively have been made. Reactions of the type, 

Et 3SiEt 2SiH + Et 2Hg > EtHgSiEt^iEt^ (a) 
Et^SiH + Et 2Hg — > EtHgSiEt^ (b) 
Et^GeH + Et 2Cd > (Et^Ge^Cd (c) 

were carried out under conditions varying from 8 5 ° / 6 hours i n (c) 
to 1l+0°/117 hours i n ( b ) . The products^were d i s t i l l a b l e l i q u i d s 
which decomposed on exposure to a i r or u l t r a v i o l e t i r r a d i a t i o n . 
Disproportionatidn of alkylmercury compounds occurred on heatings 

Et„Hg + Et.SiEt 0SiH > EtHgSiEt_SiEt_ 
2 & 3 2 19 hrs. 2 3 

EtHgSiEt 2SiEt 3 170° H g ( S i E t 2 S i E t 3 ) 2 
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Mercury d i a l k y l s also evolve hydrocarbon w i t h reactive 
hydrogen under such vigorous conditions as treatment with 
concentrated acid but d i l u t e oxyacids are without e f f e c t . 



EXPERIMENTAL 
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E X P E R I M E N T A L 

Preparation of st a r t i n g materials 

Dimethylcadmium 
This compound was prepared from anhydrous cadmium 

chloride and a methyl Grignard reagent under an atmosphere of 
dry nitrogen. Hydrated cadmium chloride was dried by 
refluxin g with t h i o n y l chloride u n t i l hydrogen chloride was 
no longer evolved. The anhydrous sal t was washed several 
times with dry ether under a nitrogen atmosphere and then 
pumped dry. Methylmagnesium bromide (2 moles) i n ether 
(2,500 ml.) was prepared from magnesium (very s l i g h t excess) 
and bromomethane using a s o l i d - CO2 r e f l u x condenser to 
prevent loss of the a l k y l halide. Anhydrous cadmium chloride 
(180 gm., 1 mol.) as a sl u r r y i n dry ether (200 ml.) was 
poured i n t o a 5 - l i t r e flanged f l a s k f i t t e d w i t h a large 
mercury-sealed paddle s t i r r e r , nitrogen leads, and r e f l u x 
condenser. The Grignard solution was f i l t e r e d through a 
glass-wool plug, to remove the s l i g h t excess of magnesium, 
in t o the reaction vessel. The contents of the flask were 
vigorously s t i r r e d f o r three hours and then refluxed w i t h 
s t i r r i n g f o r a similar period. On cooling, the ether solution 
of dimethylcadmiura was transferred to a large f l a s k f i t t e d 
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with a porosity 3 sintered disc and was allowed to f i l t e r 
under gravity to remove precipitated magnesium,halides. 
Aliquots of t h i s solution were added from a large dropping 
funnel to a small f l a s k from which the ether was f r a c t i o n a l l y 
d i s t i l l e d through a 12 inch column packed with glass helixes. 
The o i l bath temperature was maintained below 65°C to prevent 
s i g n i f i c a n t loss of dimethylcadmium by c o - d i s t i l l a t i o n w i th 
ether. The temperature of the d i s t i l l a t e remained below 37°C 
and i n t h i s way the bulk of the ether was removed. The 
remaining solution was p u r i f i e d by f r a c t i o n a l d i s t i l l a t i o n 
at constant reduced pressure. The f r a c t i o n a t i o n column 
described above was used and at an o i l - b a t h temperature of 
50°C solvent ether was d i s t i l l e d between 20° and kO°Q at 20 cm. 
mercury pressure. The bath temperature was raised to 80°C and 
dimethylcadmium d i s t i l l e d at 6 3 ° , 61° and 57«5°C at pressures 
of 19, 17 .h and 1*+.7 cm. mercury respectively. The d i s t i l l a t e 
was again fractionated and pure dimethylcadmium (70 gm., 50% 
w i t h respect to CdCl 2) b.p. 6 3 ° / 1 9 . 0 cm. mercury, was obtained. 
Methanol and ethanol were dried by d i s t i l l a t i o n from the 

magnesium alkoxides. 
Iso-propanol and t-butanol were dried by d i s t i l l a t i o n from 

the aluminium alkoxides. 
Phenol was p u r i f i e d by vacuum d i s t i l l a t i o n . 
Trimethylethylenediamine was dried by d i s t i l l a t i o n from 

l i t h i u m aluminium hydride. 
Diphenylamine was p u r i f i e d by sublimation. 



- 186 -

Hexane, benzene and toluene were dried over sodium wire. 
Other reagents, which were commercial products, were used 
without further p u r i f i c a t i o n i n most cases. 

Apparatus and technique 

Storage of dimethylcadmium 
I f the reagent was to be retained f o r several months i t 

was stored under vacuum i n sealed glass vessels. These were 
tubes f i t t e d w i t h a side arm which was drawn out to a c a p i l l a r y 
at the end. Vessels could then be opened under vacuum or 
nitrogen simply by breaking open the c a p i l l a r y tube. 

D i f f i c u l t y i n storage was experienced f o r that quantity 
of dimethylcadmium which was required for regular use. 
Storage on a vacuum l i n e was obviously impossible due to the 
reversible equilibrium set up between cadmium alk y l s and 
mercury: 

R2Cd + Hg "* HgRg + Cd 
This would lead to contamination of the sample with dimethyl-
mercury and the mercury f l o a t valves of the apparatus would 
become fouled. I f the reagent was stored i n a f l a s k , f i t t e d 
with ungreased stoppers and taps under an atmosphere of 
nitrogen, oxidation due to slow d i f f u s i o n of a i r i n t o the fla s k 
occurred. This also happened when the ground glass j o i n t s 
were f i t t e d with ' t e f l o n ' sleeves. When the j o i n t s were 
l i g h t l y greased dimethylcadmium either dissolved i n the 
grease and became oxidised or reacted w i t h the grease. I n 
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either case the reagent turned yellow a f t e r several days and 
so l i d material was slowly precipitated. The storage vessel 
f i n a l l y adopted i s shown i n diagram I . Dimethylcadmium was 
o r i g i n a l l y condensed i n t o the apparatus and the system brought 
to atmospheric pressure under nitrogen. The 'tef l o n ' needle 
valve, A, was then closed sealing the reagent i n the vessel. 
This valve was i n i t i a l l y tested and found to hold a vacuum 
for several hours without detectable change i n pressure. The 
greased tap, B, was then closed. The tap B was incorporated 
and the system retained at atmospheric pressure to provide 
additional protection against the p o s s i b i l i t y of a slow leak 
through the needle valve. I n t h i s manner dimethylcadmium 
was stored f o r several months. After t h i s period of time a 
sparse yellow p r e c i p i t a t e , possibly of metallic cadmium, had 
formed despite enclosing the vessel while not i n use i n a 
black paper sleeve to protect the contents from sunlight. 

When dimethylcadmium was required f o r a reaction the 
container was connected by the b a l l j o i n t , C, through a tap 
to a Schienk tube. The dimethyicadmium was cooled i n l i q u i d 
nitrogen and the complete system evacuated. One limb of the 
tube was then cooled and the reagent allowed to warm to room 
temperature when i t slowly condensed into the cooled limb of 
the Schienk. When enough dimethylcadmium had been removed, 
as indicated by a rough scale, the system was l e t down to 
atmospheric pressure with dry nitrogen and the needle valve 
and taps closed. As the storage vessel was small enough to 
'be weighed accurately on a balance the amount of reagent 
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condensed into the Schlenk could be determined. 
Schlenk-tube reactions 

A double Schlenk tube was always used f o r reactions 
involving a i r - s e n s i t i v e material. Reagents were either 
condensed i n t o the tube under reduced pressure or introduced 
against a counter-current of nitrogen by syringe. The taps 
of the Schlenk had straight extensions to allow a syringe 
needle to be inserted through the bore of the tap to reduce 
d i f f u s i o n of a i r i n t o the tube. 
Glove box 

This was used frequently to transfer a i r - s e n s i t i v e 
products from f l a s k to f l a s k . A l l discs f o r inf r a - r e d spectra 
of such compounds were prepared i n the glove box as were samples 
for combustion analyses. The glove box was purged with dry, 
oxygen-free nitrogen and aamples and apparatus were introduced 
via a transfer tube which could be purged separately from 
the main chamber. 
Vacuum Apparatus 

This was used f o r the manipulation of v o l a t i l e substances 
and f o r gas analysis, usually by measurement of volumes of 
methane. Many of the methylcadmium compounds described i n 
t h i s section readily evolved methane on hydrolysis with water 
or d i l u t e 2N- sulphuric acid. I n a determination of 
hydrolyzable methyl content of a compound a weighed quantity 
of the s o l i d was placed i n a f l a s k attached to the vacuum 
l i n e and the system evacuated. Degassed water or acid was 
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added and the methane liberated was collected and measured 
by means of a Tttpler pump. When handling volumes of methane 
greater than about 100 N-cc. (a normal c c , w r i t t e n as N-cc, 
i s one cc. at N.T.P.) the bulk of the gas was condensed i n t o 
a large standard bulb attached to a manometer and the 
methane which did not condense at l i q u i d nitrogen temperature 
was determined using the TBpler pump. 
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Methylcadmium methoxide 

Dimethylcadmium (3*33 gm«) was condensed from the 
storage vessel onto frozen hexane (30 ml.) contained i n one 
limb of a Schienk tube and the mixture allowed to warm u n t i l 
a homogenous solution vras obtained. The solution was again 
cooled to l i q u i d a i r temperature and the apparatus was brought 
to atmospheric pressure with dry nitrogen. Methanol (1 .0 ml., 
1 mol.) was then added by syringe, against a counter current 
of nitrogen, to the other limb of the tube. The alcohol was 
also cooled i n l i q u i d a i r and the system evacuated to 
accommodate the methane which i s liberated i n the reaction. 
The l i q u i d a i r trap was removed from the limb containing the 
methanol which then slowly condensed onto the dimethylcadmium 
solution. Methane was steadily evolved when the reaction 
mixture was brought to - 7 8 ° using an acetone -C02 bath and 
the reaction was v i r t u a l l y complete a f t e r several minutes. 
As methane was evolved methylcadmium methoxide was precipitated. 
The solution was warmed to room temperature and allowed to 
stand f o r an hour to ensure complete reaction. The sparingly 
soluble product was f i l t e r e d from solution and washed with a 
further 80 ml. of hexane and methylcadmium methoxide (2.7 gnu ? 
73$)> decomposition from 7 0 ° , was obtained. (Found: C, 15.0; 

H, 3.75; Cd, 70.6 . C2H6CdO requires C, 15.2; H, 3 .8; 

Gd, 71 .0$) . The i n f r a - r e d spectrum of the compound recorded 
as a Mujol mull showed strong absorptions at 670 and M-86 cm. 
corresponding to "Me-rock1 and ^(Me-Cd) respectively. 
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On exposure to a i r methylcadmium methoxide turns brown 
over a period of several hours indicating decomposition and 
t h i s i s confirmed by the disappearance of the characteristic 
i n f r a - r e d spectrum of the o r i g i n a l compound on such exposure. 

The methoxide i s sparingly soluble i n hexans and benzene 
which rendered a reasonable cryoscopic determination of 
molecular weight i n the l a t t e r solvent impossible. The 
compound was also only s l i g h t l y soluble i n nitrobenzene, 
apparently without reaction. 

Addition of water or d i l u t e (2N) sulphuric acid to the 
methoxide resulted i n rapid and very vigorous hydrolysis. 
Pyrolysis 

Methylcadmium methoxide (ca. 0.2 gm.) was heated on an 
o i l bath i n a small evacuated f l a s k connected to an evacuated 
infra-red c e l l f o r the determination^spectra of gases. The 
temperature was raised and decomposition, indicated by a 
yellow discolouration of the o r i g i n a l l y colourless complex, 
commenced at about 7 0 ° . The temperature was brought to 120° 

and maintained at t h i s point f o r 30 minutes. On recording 
the spectrum of the gas a f t e r t h i s period a weak spectrum 
corresponding to dimethylcadmium was obtained. 
Reaction with pyridine 

Addition of excess pyridine to the methoxide under a 
nitrogen atmosphere followed by f i l t r a t i o n and evaporation 
of solvent under reduced pressure resulted i n the recovery 
of methylcadmium methoxide. The i n f r a - r e d spectra of the 
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product and the s t a r t i n g material were super-imposable. 
The methoxide was only s l i g h t l y soluble i n pyridine. 

Methylcadmium ethoxide 
Dimethylcadraium (3*27 gm.) was condensed i n t o hexane 

(20 ml.) i n one limb of a Schlenk tube. Ethanol C1.3*+ ml., 
1 mol.) was added by syringe against a counter-current of 
nitrogen to the other limb, the apparatus was evacuated and the 
alcohol condensed onto the dimethylcadmium solution cooled to 
l i q u i d a i r temperature. The l i q u i d a i r trap was replaced by 
an acetone -COg bath at - 7 8 ° at which temperature the reaction 
proceeded rapidly with evolution of methane. When methane 
was no longer evolved the solution was heated u n t i l the 
solvent refluxed gently f o r 30 mimutes to ensure complete 
reaction. After t h i s time the solvent was d i s t i l l e d i n t o the 
other limb of the Schlenk tube leaving a white s o l i d . The 
product was p u r i f i e d by sublimation under a high vacuum. 
The colourless sublimate was obtained on a cold finger cooled 
with powdered s o l i d GO2 when the ethoxide was heated on an 
o i l path at 1 0 0 ° . Decomposition and sublimation occurred 
concurrently and the residue slowly turned brown. The 
sublimation vessel was transferred to a glove box and the 
c r y s t a l l i n e methylcadmium ethoxide collected i n a f l a s k . 
(Found: G, 21.2; H, h.h5; Cd, 6 5 A ; hydrolyzable methyl, 
8.715 M, cryoscopically i n benzene, 7M+, 7h8t 7h6 at 2.33, 

1.95, 1.67 weight % respectively. Ĉ HgCdO requires C, 20.9; 

H, Lf.7; Cd, 65.2; hydrolyzable methyl, 8.75%, M, 172.5) . 
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The i n f r a - r e d spectrum was recorded as a Nujol mull and the 
strong absorption at 667 cm."1 was assigned to the 'methyl 
rock'. The (Me $Cd) region was more complicated and two 
strong bands at h-96 and ^83 cm."1 were observed. 

The ethoxide decomposed on exposure to the atmosphere 
overnight and was vigorously hydrolysed by water and d i l u t e 
sulphuric acid. 
Pyrolysis 

Methylcadmium ethoxide (ca. OA gm.) was heated on an 
o i l bath i n a small f l a s k f i t t e d with a sintered disc to 
prevent sublimation. The compound began to turn brown and 
gradually contract i n volume from about 90° . After 30 minutes 
at an o i l bath temperature of 110° the in f r a - r e d c e l l was 
detached from the pyrolysis flask and the spectrum recorded. 
The spectrum obtained was i d e n t i f i e d as that of dimethylcadmium. 
Reaction with pyridine 

Methylcadmium ethoxide (ca. 0.2 gm.) was dissolved i n 
benzene 0 5 ml.) and excess pyridine (0 .2 ml.) was added. The 
solution was shaken and allowed to stand f o r two hours. No 
pre c i p i t a t e was formed and the solution was concentrated by 
pumping and evaporated to dryness under reduced pressure. The 
i n f r a - r e d spectrum of the result i n g s o l i d was i d e n t i c a l to 
that of the s t a r t i n g material and no extra absorption.: 
a t t r i b u t a b l e to pyridine was observed. 
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Methylcadmium isopropoxide 

Dimethylcadmium ( 3 A 6 5 gm.) was condensed onto hexane 
(20 ml.) i n a Schlenk tube. Isopropanol was added by syringe 
to the other limb against a counter-current of nitrogen. An 
e x i t bubbler containing heavy white o i l was attached to one 
of the Schlenk taps and the alcohol was passed through the 
disc of the tube i n t o the solution of dimethylcadmium i n 
hexane cooled to - 7 8 ° i n an acetone - C02 bath. The solution 
was shaken to make i t homogenous but no gas evolution vras 
observed. The solution was allowed to warm slowly with 
occasional shaking. At about 10° the reaction commenced and 
methane was gently evolved. The solution became i^arm due to 
the exothermic nature of the reaction. Evolution of methane 
ceased a f t e r several minutes and the solution was allowed to 
stand at room temperature f o r one hour. The solvent was 
evaporated under reduced pressure and crude methylcadmium 
isopropoxide obtained. The product was p u r i f i e d by vacuum 
sublimation on to a cold finger cooled with s o l i d carbon 
dioxide. The o i l bath temperature was about 105° and 
decomposition accompanied sublimation. The residue which did 
not sublime was a brown s o l i d . Methylcadmium isopropoxide 
was obtained as colourless needles. (Found: C, 26.2; H, 5-6; 

Gd, 60 . lH; M, cryoscopically i n benzene, 7*+7, 738, 759 at 
1.83, 1.57, 1.27 weight % respectively. C^H10CdO requires 
C, 25.8; H, 5.1+; Gd, 60.3$; M, 187). The in f r a - r e d spectrum 
of the complex contained an absorption at 668 cm~J a t t r i b u t a b l e 

to 'methyl rock. 1 
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Freshly prepared colourless methylcadmium isopropoxide 
was readily soluble i n hexane and benzene but on standing 
under nitrogen and even i n the dark the complex turned yellow 
a f t e r several days and was much less soluble. Pyrolysis of 
the isopropoxide yielded dimethylcadmium, i d e n t i f i e d by 
i n f r a - r e d spectrum but no i n i t i a l decomposition temperature 
was observed as the reagent slowly turned from yellow to 
brown at about 1 8 0 ° . 

The isopropoxide i s decomposed on standing i n a i r 
overnight, and hydrolysis with water i s moderate but more 
vigorous with d i l u t e sulphuric acid. 
Reaction with pyridine 

Excess pyridine was added to a solution of methylcadmium 
isopropoxide i n hexane i n a Schlenk tube under a nitrogen 
atmosphere. On evaporation to dryness under reduced pressure 
the white s o l i d obtained was found to have an i d e n t i c a l 
i n f r a - r e d spectrum to that of the o r i g i n a l reactant. No 
absorptions a t t r i b u t a b l e to pyridine ware observed. 
Reaction with b i p y r i d y l 

2 : 2 * - B i p y r i d y l (0.52 gm., 1 mol.) i n benzene (5 ml.) was 
added to a solution of methylcadmium isopropoxide (0.62 gm.) 
i n benzene (10 ml.). No apparent reaction occurred and the 
volume v/as reduced to about h ml. Dry ether (ca. 10 ml.) 
was added to the solution but did not cause p r e c i p i t a t i o n . 
The volume was reduced further to about 1 ml. and the s o l i d 
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deposited was f i l t e r e d . The infra-red spectrum of t h i s 
material showed a composite spectrum of free b i p y r i d y l and 
isopropoxide. A strong absorption was present at 392 cm. , 
t y p i c a l of free 2s 2 * - b i p y r i d y l , but the region about 1+15 cm."1 

where co-ordinated b i p y r i d y l i s sometimes observed was clear. 
The so l i d obtained from the f i l t r a t e by evaporating to dryness 
also possessed a similar i n f r a - r e d spectrum. 
Reaction with triethylphosphine 

Addition of excess triethylphosphine (0 .7 ml.) to the 
isopropoxide (0 .6 gm.) i n benzene (15 ml.) yielded a clear 
solution. After evaporation under reduced pressure to about 
1 ml. a l l s o l i d material remained i n solution. Evaporation 
to dryness under reduced pressure l e f t a white s o l i d of 
i d e n t i c a l infra-red spectrum to the o r i g i n a l isopropoxide. 

Methylcadmium t-butoxide 
Tertiary butanol (0.8 ml., 1 mol.) \̂ as added by syringe 

against a counter current of nitrogen to a Schlenk tube. The 
alcohol was frozen at l i q u i d a i r temperature and the system 
evacuated. t-Butanol was then allowed to condense i n t o the 
other limb on to a solution of dimethylcadmium i n hexane (20 ml.) 
The result i n g mixture was warmed to - 7 8 ° w i t h an acetone -CO2 
bath when evolution of methane occurred. After 30 minutes 
the solution was heated to about *f0° and the solution reduced 
to h a l f volume. On cooling, the solution slowly deposited 
colourless plates of methylcadmium t-butoxide. (Found: 
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C, 29 .5; H> 6.15; Cd, 55*3; M> cryoscopically i n benzene, 
387, 391, >+05, hOh at 1.95, 1.7^, 1.08, 0.7^ weight % 
respectively. G^H12Cd0 requires G, 29.95; H, 6.0; Cd, 56.1$; 
M, 200.5 ). 

I n another reaction dimethylcadmium (0.8 gm.) and 
t-butanol (1 ml. 2 mol.) reacted i n hexane (10 ml.). The 
reaction mixture was boiled with r e f l u x f o r 2 hours, and was 
then concentrated to about h mis. On cooling, colourless 
hexagonal plates of methylcadmium t-butoxide c r y s t a l l i s e d 
from solution. (Found: C, 29.3; H, 5.9; Cd, 56 .2$) . The 
infr a - r e d spectrum of the butoxide recorded i n the form of a 
Nujol mull showed an absorption at 669 cm.-1 due to 'methyl 
rock'; the>)(Me-Cd) region was complex. On exposure to a i r 
overnight the complex l o s t i t s sharp i n f r a - r e d spectrum. 
Hydrolysis of the butoxide w i t h water was only j u s t . 
discernible and even strong (ca. 6 N) sulphuric acid reacted 
very slowly. 
Pyrolysis 

The butoxide was heated i n an evacuated system connected 
to an i n f r a - r e d c e l l . The compound slowly turned brown as 
the temperature was raised, and the s o l i d was heated si 190° 

f o r 30 minutes. The i n f r a - r e d spectra of the gas evolved 
showed the presence of isobutene. 
Reaction w i t h pyridine 

Dry pyridine was added to methylcadraium t-butoxide and 
the solution warmed. The butoxide was not readily soluble. 



- 198 -

Hexane (5 ml.) was added and the r e s u l t i n g solution was 
evaporated to dryness under reduced pressure. The re s u l t i n g 
s o l i d had an inf r a - r e d spectrum i d e n t i c a l to that of the 
o r i g i n a l butoxide and no absorptions a t t r i b u t a b l e to pyridine 
were observed. 

Methylcadmium phenoxide 
Dimethylcadmium (2.7 gm.) was condensed i n t o one limb 

of a Schlenk tube and the system l e t down to atmospheric 
pressure with dry nitrogen. A solution containing phenol 
(1.8 gm., 1 mol.) i n hexane (20 ml.) and ether (10 ml.) was 
added to the other limb. The Schlenk tube was f i t t e d w i t h an 
e x i t bubbler to allow methane to escape and the phenol 
solution was passed through the sintered disc and mixed with 
the dimethylcadmium solution. The solution was shaken to 
make i t homogenous and methane was gently evolved. The 
reaction was exothermic and the solution became warm. As 
the evolution of methane continued methylcadmium phenoxide 
c r y s t a l l i s e d from solution as f i n e colourless needles. The 
reaction was complete w i t h i n 15 minutes and the c r y s t a l l i n e 
product (2.1 gm. 50$) was f i l t e r e d , dried, and transferred 
to a purged fl a s k . (Found: 'hydrolyzable methyl 1, 6.87; 

Cd, 51.1; M, cryoscopically i n benzene, 826, 7»+6, 788, 887, 

900 at 3*78, 2.87, 2.31, 1.93, 1.66 weight % respectively. 
CyHgCdO requires 'hydrolyzable methyl', 6.82; Cd, 51.0$; 

M, 220.5) . On heating methylcadmium phenoxide i n a sealed 
melting point tube decomposition, indicated by the sample 
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turning yellow, slowly occurred from room temperature. 
The compound collapsed between 235-2hO° accompanied by 
reduction i n volume and formed a brown-yellow s o l i d residue. 

Hydrolysis of the phenoxide with water caused vigorous 
evolution of methane. Exposure to a i r overnight resulted 
i n decomposition indicated by the change i n infr a - r e d 
spectrum recorded as a Nujol mull. 

Reaction w i t h pyridine 
Methylcadmium phenoxide (ca. 2 gm.) was dissolved i n 

1:1 hexane-benzene mixture (*+0 ml.) and pyridine (1 ml., 
excess) was added. On shaking the solution methyl(pyridine)-
cadmium phenoxide x</as deposited as colourless cryst a l s , 
m.p. lh2°. (Found: 'hydrolyzable methyl', 5-0; 

Cd, 37.3; M, cryoscopically i n benzene, h^5t 520, at 
2.15 weight % respectively. C^H^CdNO requires 
'hydrolyzable methyl', 5-0; Cd, 37.5$, M, 299.6) . The 
molecular weight values obtained i n benzene correspond 
to degrees of association of 1.52 and 1.*+0 respectively. 
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Methylcadmium(methyl)sulphide 
Dimethylcadmium (O.87 gra.) was condensed on to frozen 

toluene at l i q u i d nitrogen temperature. Methane t h i o l 
(13*+ N-cc, s l i g h t l y less than 1 mol.) was condensed from 
the vacuum l i n e on to the frozen dimethylcadmium solution. 
The l i q u i d nitrogen bath was replaced by one at - 78° and 
as the reactants warmed to t h i s temperature reaction took 
place and methane was evolved. The evolution of methane 
was accompanied by the formation of a gelatinous white 
p r e c i p i t a t e of methylcadmium(methyl)sulphide. The solution 
was allowed to warm to room temperature and hexane (10 ml.) 
was added. No further reaction occurred on heating the 
solvent to r e f l u x and the product which was insoluble i n 
toluene and hexane was f i l t e r e d from solution. (Found: 
hydrolyzable methyl, 8.65; Cd, 6^.3. Ĉ Ĥ CdS requires 
hydrolyzable methyl, 8.60; Cd, 6k-. 6%). On heating, the 
complex turned brown above 150° but did not melt below 300°« 
Hydrolysis with water caused a moderate evolution of methane 
which became vigorous on addition of d i l u t e sulphuric acid. 
Reaction w i t h pyridine 

Methylcadmium(methyl)sulphide was dissolved i n excess 
pyridine i n which i t was r e a d i l y soluble. On concentration 
by d i s t i l l a t i o n under reduced pressure a l l of the pyridine 
was removed and the s o l i d residue was shown to be i d e n t i c a l 
to the s t a r t i n g material by i n f r a - r e d spectra examined as 
n u j o l mulls. 
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Reaction with triethylphosphlne 
Triethylphosphine also proved to be a good solvent f o r 

the complex but i n a similar manner to pyridine the i n f r a - r e d 
spectrum of the s o l i d residue a f t e r evaporation of solvent 
under reduced pressure was i d e n t i c a l t o that of the s t a r t i n g 
material and did not show any absorptions characteristic of 
triethylphosphine. 

i 
Reaction with 2 : 2 - b i p y r i d y l 

A benzene solution of b i p y r i d y l was added to methyl-
sadmium(methyl)sulphide and the solvent warmed and shaken. 
The s o l i d did not appear to dissolve and a f t e r 30 minutes 
the solution was f i l t e r e d through the disc of the Schlenk 
tube and evaporated to dryness. The very r e a d i l y soluble 
s o l i d residue was shown by in f r a - r e d spectrum to be 2:2'-

b i p y r i d y l and no i n d i c a t i o n of any of the cadmium-containing 
compound could be observed. 

Methylcadmium(isopropyl)sulphide 
Dimethylcadmium (3*25 gm.) was condensed on frozen 

hexane (20 ml.) i n one limb of a Schlenk tube. Isopropane 
t h i o l (2 .15 ml., 1 mol.) was added by syringe against a 
counter-current of nitrogen to hexane (20 ml.) i n the other 
limb. The t h i o l solution was passed through the sintered 
disc and mixed w i t h the solution of dimethylcadmium which 
was cooled to - 7 6 ° i n an acetone -COg bath. Methane v/as 
rapidly evolved and methylcadmiura(isopropyl)sulphide was 

ii/65 * 
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deposited. On completion of the reaction more hexane (30 ml.) 
was added and the solution boiled when a l l of the s o l i d 
material dissolved. On cooling, the product c r y s t a l l i s e d 
as colourless prisms. On determination of the melting point 
i n a sealed tube the compound turned brown over a long range, 
3 0 - 3 0 0 ° but did not melt. (Found: C, 23-7; H, 5.0; 
Cd, 5 5 - M , cryoscopically i n benzene, 1221 , 1210, 1233, 
1235 at 6.2>+, 5.11, if.33, 3-75 weight %> C^H^CdS requires 
c, 23.7; H, 5.0; Cd, 55.5; M, 202.5) . 

The i n f r a - r e d spectrum of the compound was recorded 
as a n u j o l mull and showed absorptions corresponding to 
'methyl rock 1 at 658 cm."1 and ^(Me - Cd) at h67 cm."1 

Hydrolysis of the compound with water was very slow and 
even with 2N sulphuric acid methane was evolved slowly at 
room temperature. 
Reaction w i t h pyridine. 

Pyridine (excess) was added to methylcadmium(isopropyl)-
sulphide i n benzene and the solution concentrated to dryness 
under reduced pressure. The i n f r a - r e d spectrum of the 
product was i d e n t i c a l to that of the o r i g i n a l cadmium 
containing material. 

Methylcadmium(t-butyl)sulphide 
Dimethylcadmium (h.Q gm.) was condensed on to frozen 

hexane (^0 ml.) i n one limb of a Schlenk tube. The solution 
was allowed to warm to 0°C and shaken to make i t homogenous. 
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t-Butane t h i o l (1 mol.) was added to the solution by syringe 
and methane was evolved from the resulting very vigorous 
reaction. The solution was warmed and f i l t e r e d through 
the Schlenk disc. On cooling the compound c r y s t a l l i s e d as 
colourless prisms. (Found: 'hydrolyzable methyl', 7.01; 
Cd, 51.8; M, cryoscopically i n benzene, 881, 89^, 880 at 
2.92, 2.63, 2.23 weight % respectively. C^H^CdS requires 
•hydrolyzable methyl*, 6.9^; Cd, 51.95$; M, 213-5). The 
molecular weight values obtained i n benzene solution 
corresponded to degrees of association of ^.06, *+.12 and 
^.05 respectively. 

The compound was hydrolysed by water and methane was 
evolved at a moderate rate. On Addition of 2N sulphuric 
acid vigorous hydrolysis occurred. On heating, decomposition 
occurred above 100° indicated by reduction i n volume of 
the compound, which turned brown. 
Reaction with pyridine 

Addition of pyridine i n a small volume of hexane to 
the complex followed by f i l t r a t i o n and concentration of the 
solution yielded a so l i d residue with an i d e n t i c a l i n f r a - r e d 
spectrum to that of methylcadmium(t-butyl)sulphide. 

Methylcadmium(phenyl)sulphide 
Dimethylcadmium (1A1 gm.) was condensed on to frozen 

hexane (20 ml.) i n one limb of a Schlenk tube. Thiophenol 
(1 .0 ml., 1 mol.) was added by syringe to hexane (20 ml.) i n 
the other limb. The t h i o l solution was passed through the 
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Schlenk disc i n t o the dimethylcadmium solution which was 
cooled i n an acetone —CO^ bath. On mixing a flocculent 
p r e c i p i t a t e was produced and methane was evolved. A further 
aliquot of hexane (^0 ml.) was added and the solution warmed 
but the s o l i d product appeared to be insoluble. The s o l i d 
was f i l t e r e d free from the solution and benzene was added. 
The product which was only very sparingly soluble was again 
washed on a f i l t e r and pumped dry. (Found: hydrolyzable 
methyl, 6.3>+; Cd, *f6.9. C7HftCdS requires hydrolyzable 
methyl, 6.35; Cd, k7.6%). On heating the compound i t 
turned yellow and contracted i n volume above 60° but did 
not melt. 

Reaction with pyridine 
Methylcadmium(phenyl)sulphide was dissolved i n pyridine 

and on concentration by evaporation of solvent at reduced 
pressure yielded a syrup. A c r y s t a l l i n e compound could not 
ibe obtained. On fu r t h e r pumping pyridine was l o s t and the 
o r i g i n a l cadmium compound recovered. 



DISCUSSION 
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D I S C U S S I O N 

The ef f e c t of replacing one methyl group of dimethyl­
cadmium by an atom of donor character such as oxygen or 
sulphur i s to enhance the acceptor properties of the cadmium 
atom and also to increase the donor character of the oxygen 
or sulphur atom respectively. This effect i s observed i n 
alkylaluminium derivatives and a difference i n the donor 
strengths of the two oxygen atoms i n (Et2A10CR"2CH20Et ) 2 

explains the observed association to give the structure 
( x i v ) rather than formation of the monomer (xv). 

.0CH2CH20Et 0 CHo 

EtgAr y A l E t 2 E t 2 A l \ 
0CH9CHo0Et 0 CH0 

^ ^ Et d 

( x i v ) (xv) 

As cadmium d i a l k y l s form co-ordination complexes w i t h 
e t h e r s , ^ which are considerably dissociated i n the case of 
simple ethers and s l i g h t l y dissociated i n that of chelating 
ethers, then compounds such as MeCdOR and MeCdSR might be 
expected to be associated by r e l a t i v e l y strong co-ordination. 

A wide study of the reactions of t r i a l k y l derivatives of 
Group I I I metals w i t h molecules containing hydrogen bonded to 
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an atom of donor a b i l i t y has been made and many complexes 
characterised. Hydrocarbon i s frequently eliminated 
immediately or on heating and the r e s u l t i n g compounds have 
been reviewed. J With the exception of boron v/hich i s 

1 + 1 + 

anomolous i n forming monomers e.g. Me2B.NME27 Me2B.0Me7 
Me2B.SMe,^ the metals exhibit a tendency to increase t h e i r 
co-ordination number to four by the formation of trimers or 
dimers. Thus methane i s liberated from t r i m e t h y l derivatives 
Mê M, (M = Al , Ga, In , T l ) , with the formation of associated 
products, x = 2 or 3 

Mê M + MeOH > (Me2M0Me)x 

1+6 
The methoxides obtained are unaffected by trimethylamine. 

!+6-l+8 

Reaction w i t h methane t h i o l yields dimeric products • 
Mê M + MeSH » (Me^SMe^ 

In contrast to the methoxide derivatives, (Me 2InSMe) 2 and 
(Me2TlSMe)2, the complexes (Me 2AlSMil) 2 and (Me2GaSMe)2 

reversibly absorb trimethylamine to form addition complexes: 
(Me 2AlSMe) 2 + 2NMê  v

 r 2M.e2Al( SMe) NiMe^ 
This indicates the comparable donor strength of the sulphur 
and nitrogen atoms i n the l a t t e r cases. A similar effect 
involving pyridine i s observed with tantalum n-alkoxides, ' 
Ta(OR)^, which are dimeric i n benzene solution but monomeric 
i n pyridine, probably due to co-ordination by solvent 
y i e l d i n g Ta(0R)^py. The tendency of donor molecules to add 
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to metals w i t h enhanced acceptor properties arising i n t h i s 
way, by bonding between the metal and an electron a t t r a c t i n g 
group, i s w e l l known and accounts f o r the formation of such 
derivatives as (CF 3) 2Hg.2PPh^ 2 8, ThCOCMe^CCl-^^py 
Zr(0CH2CCI.^)^.2MG2C0. ^ 9 

Reaction of dimethylcadmium with alcohols 

Methylcadmium alkoxides were prepared from the reaction 
of dimethylcadmium with the respective alcohol i n hexane 
solution at - 7 6 ° . 

Me2Cd + ROH > MeCdOR + CH^ 

I n contrast to the other alkoxides evolution of methane 
and corresponding formation of methylcadmium phenoxide 
did not occur u n t i l the solution was warmed to about 3 0 ° . 

I n no case was a co-ordination complex ^ e 0*^^ 
isolated. 

Only the methoxide was too sparingly soluble to 
allow the determination of molecular weight by cryoscopic 
means i n benzene. The values obtained and the corresponding 
degrees of association f o r the other complexes are shown 
i n Table I . 

Methylcadmium ethoxide, -isopropoxide and -phenoxide 
were a l l found to be tetr^meric and the t-butoxide was 
unique i n being a dimer. 
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TABLE I 

Reactions of dimethylcadmium w i t h alcohols and t h i o l s 

Reagent Product Molecular Weight 
i n benzene 

Degree o f 
Associ a t i o n 

MeOH (MeCdOMe)J 
A 

- -

EtOH (MeCdOEt) k 7 ¥ K 7^-8, 7h6 ^ - 3 2 , >K33 

Pr 10H (MeCdOPr1-)^ 7^7, 738, 759 h.oo, 3 -96 , ^ .07 

Bi^OH (MeCdOBu t) 2 3 8 7 , 3 9 1 , ^ 0 5 , ^ 1.93, 1 . 95 ,2 .02 ,2 .01 

PhOH (MeCdOPh)^ 826, 7^6, 788, 
887, 900 

3 . 7 5 , 3 - 3 8 , 3 -58 , 
i f . 02 , M-.08 

MeSH (MeCdSMe)J - -

"Pi^SH (MeCdSPri) 6 1221, 1210 
1233, 1235 

" 6 . 0 3 , 5.97 
6 . 0 9 , 6 .10 

ButSH (MeCdSBu*)^ 881 , 89*+, 880 >+.06, ^ 12, h.05 

PhSH (MeCdSPh)f. 
JL 

- -

£1 Not soluble enough i n benzene to allow a cryoscopic 
determination of molecular weight. 
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These r e s u l t s are i n t e r e s t i n g i n comparison w i t h 
alkoxides of 6ther metals as they f u r t h e r i n d i c a t e the 
f a c t o r s which encourage and hinder the formation of associated 
complexes. The as s o c i a t i o n o f Group I I I metal alkoxides which 
brings the metal atoms t o a commonly found c o - o r d i n a t i o n 
number of four such as (Me2GaOMe)2, f i g u r e ( x v i ) i s 

OMe / N 
Me0Ga N GaMe0 

2 \ / 2 

OMe 
( x v i ) 

understandable and there i s no tendency t o increase the 
co- o r d i n a t i o n o f the metal atom f u r t h e r . I n Group. I I metal 
d e r i v a t i v e s , however, a s s o c i a t i o n t o a dimeric species 
imparts a three co-ordinate s t a t e t o the metal such as i s 
found i n methylberyIlium methoxide, 2^ f i g u r e ( x v i i ) . This 

OMe 
Me - B e ^ ^ Be - Me 

\ / 
OMe 

( x v i i ) 
i s not so s u r p r i s i n g i n t h i s case as b e r y l l i u m does i n some 
cases e x h i b i t s t a b i l i t y i n t h i s s t a t e compared t o t h a t of 
sp_J h y b r i d i s a t i o n and four c o - o r d i n a t i o n of the metal as 
exemplified by the s t a b i l i t y o f the trlmethylamine d e r i v a t i v e ^ , 
Me2Be*-NMe^, i n co n t r a s t t o the f a i l u r e t o prepare Me2Be.2NMe^ 
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and the I n s t a b i l i t y o f Et2Be.2NMe^. Metals of Group I I B , 
however, show a s.trong tendency towards a state o f f o u r 
c o - o r d i n a t i o n i n t h e i r compounds, and methylzinc and 
methylcadmium alkoxides would not be expected to form dimers, 
p a r t i c u l a r l y i n view of the enhanced donor and acceptor 
p r o p e r t i e s a r i s i n g from the oxygen -metal bond. This i s 
supported experimentally and the raethylzinc alkoxides 
r e p o r t e d ^ are a l l t e t r a m e r i c as are the methylcadmium 
alkoxides ( w i t h the exception of (MeCdOBu t) 2) discussed, i n 
t h i s work. 

Structure of the t e t r a m e r i c alkoxides 
The s t r u c t u r e of (MeCdOR)^ compounds can reasonably be 

assumed t o be an e i g h t membered r i n g . An open r i n g s t r u c t u r e 
would lead t o three co-ordinate and hence c o - o r d i n a t i v e l y 
unsaturated cadmium whereas a cubic arrangement, f i g u r e ( x v i i i ) , 
such as has been proposed f o r t h a l l i u m a l k o x i d e s ^ 0 ' , (TIOR)^, 
(PhAlNAr)^ ^2 ,53 a n d ( R Z n 0 R ' ) ^ 5^,39^ m i g n t allow an increase 
i n c o - o r d i n a t i o n of both cadmium and oxygen by i n t e r a c t i o n 

OR 
Me Cd 

MeCd OR 

/ RO 
CdMe 

Cd Me 

( x v i i i ) 
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between adjacent cadmium and oxygen atoms shown as non-
bonding i n ( x v i i i ) . Rapid interchange of the s i x isomeric 
forms i n which the bond angles C-Cd-0 and Cd-O-Cd are assumed 
to be about 120° and 108° r e s p e c t i v e l y could take place 
r e s u l t i n g i n a time average s t r u c t u r e of a cube. P r e l i m i n a r y 
Xray c r y s t a l l o g r a p h i c s t r u c t u r e studies on ( P h A l M r ) ^ 
i n d i c a t e a cubic arrangement-^ and s i m i l a r studies on 
(TlOMe)^ and (MeZnOMe)^ show t h a t the metal atoms form a 
regular tetrahedron.^ A l t e r n a t i v e l y , t h i s arrangement 

can be considered as two i n t e r l o c k i n g t e t r a h e d r a o f metal 
and oxygen atoms r e s p e c t i v e l y . I f the oxygen tetrahedron 
was smaller than t h a t of the cadmium atoms thus g i v i n g a 
closer approach t o t e t r a h e d r a l c o - o r d i n a t i o n about oxygen, 
a d i s t o r t e d cubic s t r u c t u r e would a r i s e . 

A d d i t i o n a l evidence which supports the view t h a t the 
metal atoms i n (MeCdOR)^ complexes have a. s u b s t a n t i a l degree 
of c o - o r d i n a t i v e s a t u r a t i o n i s t h e i r lack of r e a c t i o n w i t h 
p y r i d i n e (except (MeCdOPh)^). I f the metal atoms were only 
three - co-ordinate expansion of t h e i r c o - o r d i n a t i o n number 
to f o u r by form a t i o n of a p y r i d i n e adduct would be expected 
i n view of the enhanced acceptor p r o p e r t i e s of the metal due 
to bonding t o an e l e c t r o n a t t r a c t i n g group. The absence of 
such adducts t h e r e f o r e suggests a s u b s t a n t i a l degree of 
co-o r d i n a t i v e s a t u r a t i o n i n the tetramers. A s i m i l a r lack 
of r e a c t i o n of (MeZnOR)^ w i t h p y r i d i n e has been r e p o r t e d . ^ 
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I n the cases o f (MeZnOPh)^^ and (MeCdOPh)^ however, a 
p y r i d i n e d e r i v a t i v e i s formed. This renders (MeCdOPh)^ 
unique among the methylcadmiura d e r i v a t i v e s i n v e s t i g a t e d i n 
forming a c r y s t a l l i n e p y r i d i n e complex, (MeCd(py)OPh)„, 
(where x = 1 .52 , 1 AO at *+.3 and 2 .15 weight % r e s p e c t i v e l y 
i n benzene). This i s consistent w i t h the donor character of 
oxygen attached t o phenyl being weaker than when i t i s 
attached to an a l k y l group. The zinc analogue i s d i m e r i c , ^ 
(MeZn(py)0Ph) o, but the d i s s o c i a t i o n of the cadmium compound 
i s not s u r p r i s i n g i n the l i g h t of the ready d i s s o c i a t i o n of 
Me 2Cd.py. 2 7 

As cadmium e x h i b i t s more B-character than z i n c , 
exemplified i n the l a r g e number of t e r t i a r y phosphine and 
a r s i n e complexes formed by metal h a l i d e s of the f o r m e r ^ ' ^ 
and the few examples i s o l a t e d of the l a t t e r , 5 ^ j 5 7 a n attempt 
was made to prepare a t r i e t h y l p h o s p h i n e complex of methyl-
cadmium isopropoxide. No adduct was i s o l a t e d i n t h i s case 
nor w i t h 2 :2*- b i p y r i d y l i n which case entropy e f f e c t s should 
be r e l a t i v e l y more favourable towards complex formation. 

Methylcadmium t- b u t o x i d e 

This complex i s i n t e r e s t i n g i n being the only dimeric 
alkoxide prepared. Although entropy grounds might be 
expected t o support the f o r m a t i o n of dimers r a t h e r than 
tetramers t h i s cannot be a c o n s i d e r a t i o n of great importance 
i n view of the many tetramers t h a t have been observed among 
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the methylzincc and methylcadmium alkoxides. S i m i l a r l y , 
the angular s t r a i n i n v o l ved i n the formation o f dimers 
cannot be of overwhelming importance i n the l i g h t of the 
f o r m a t i o n of such compounds as (MeCdOBu t) 2, (MeZnNPt^^ ^ 
The most important c o n s i d e r a t i o n i n c o n t r o l l i n g the r i n g 
size appears t o be s t e r i c . I n t e r f e r e n c e of the l a r g e t - b u t y l 
groups apparently prevents the attainment of a t e t r a m e r i c 
c o n f i g u r a t i o n i n methylcadmium t-butoxide and r e s u l t s i n 
the formation of a dimer. (However, the i s o l a t i o n of 
(MeZnOPh)^ i s apparently i n c o n s i s t e n t w i t h a s u b s t a n t i a l 
degree of s t e r i c hindrance and cannot be accounted f o r at 
the moment). The lack o f i s o l a t i o n of a p y r i d i n e adduct w i t h 
t h i s complex, which n e c e s s a r i l y contains three co-ordinate 
cadmium could be due t o s t e r i c hindrance preventing the 
p y r i d i n e molecule approaching close enough t o co-ordinate 
to cadmium, or t o a ready d i s s o c i a t i o n of the adduct prevent­
i n g i t s i s o l a t i o n . I n the l a t t e r case i t would resemble 
Ta(OR)^.py which i s most l i k e l y formed i n s o l u t i o n as the 

alkoxide i s monomeric i n p y r i d i n e but [TaCOR)^^ i s 

l+o 

recovered on removing the solvent. y 

The i n f l u e n c e of bulky a l k y l groups has been observed 
i n the alkoxides of other metals. I n p a r t i c u l a r a study o f 
the M(OR)^ d e r i v a t i v e s of S i , T i and Zr showed t h a t the 
v o l a t i l i t y of the compounds increased w i t h increased chain 
b r a n c h i n g . ^ This was p a r t i c u l a r l y marked i n the d e r i v a t i v e s 
of zirconium and e b u l l i o s c o p i c determinations of molecular 
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weight i n benzene showed a decrease i n a s s o c i a t i o n on 
changing from primary t o t e r t i a r y a l c o h o l d e r i v a t i v e s : 
[zr(0CH 2CH 2CH 2CH 2Me) lJ 3, [zr ( 0 C H ( M e ) P r i ) l f ] 2 , [ z r ( 0 C M e 2 S t . 
A s i m i l a r decrease i n a s s o c i a t i o n i s observed i n the series 
[zrCOCHMeg)^, [zr(0CHEt 2) J 2 , [zr(OCHPr l l) l f] 1, 
[zr(OCHMeBu t)i fJ 1, as the a l k y l group becomes more bulky. 
These observations s t r o n g l y i n d i c a t e t h a t a s s o c i a t i o n by the 
f o r m a t i o n of co-ordinate bonds between oxygen and zirconium 
i s r e s t r i c t e d or excluded by the s t e r i c hindrance of the 
a l k y l group R. The formation of monomeric species, 
M(0CMe2R), (M = T i , Zr; R = Me,Et, n-Pr, i - P r , n-Bu), i n 
a l l d e r i v a t i v e s of t e r t i a r y alcohols i s as would be expected 
on s t e r i c grounds. 

The reactions of methylcadmium alkoxides towards water 
and d i l u t e sulphuric a c i d show a steady grad a t i o n , Table I I . 
The vigour w i t h which methane i s l i b e r a t e d on h y d r o l y s i s 
decreases from a v i o l e n t r e a c t i o n w i t h methylcadmium 
methoxide to an extremely slow e v o l u t i o n i n the case of 
the butoxide, p a r a l l e l i n g the i n c r e a s i n g size of the a l k y l 
group attached to the oxygen atom. This i s c o n s i s t e n t 
w i t h an increasing degree of s h i e l d i n g of the cadmium atoms 
w i t h i n c r e a s i n g size of the respective a l k y l groups. 

P y r o l y s i s of methylcadmium alkoxides. 

P y r o l y s i s of methylcadmium methoxide, ethoxide, and 
isopropoxide r e s u l t e d i n decomposition, presumably by 
d i s p r o p o r t i o n a t i o n , at temperatures up t o 1 8 0 ° . 
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TABLE I I 

Reactions of methylcadmium compounds 

Reaction w i t h : 
Compound water 2N.H2S0lf p y r i d i n e 

Evolve methane 

(MeCdOMe) v. v i g . v . v i g . none 

(MeCdOEt)^ v i g . v . v i g . none 

(MeCdOPr 1)^ mod. v i g . none 

(MeCdOBu t) 2 v.slow slow none 

(MeCdOPh)^ v i g . v . v i g . (MepyCdOPh)v 
•A. 

(MeCdSMe) mod. v i g . dissolves a 

(MeCdSPrf) 6 v.slow slow none 

(MeCdSBu*)^ mod. v i g . none 

(MeCdSPh)v mod. v i g . dissolves a 

v i g . , vigorous; mod.. moderate; v., very. 

a P y r i d i n e l o s t on pumping. 
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2MeCdOR ^± * Me2Cd + Cd(0R) 2 

Dimethylcadmium was i d e n t i f i e d by i n f r a - r e d spectrum taken 
on the gas l i b e r a t e d but the residue vras not characterised. 
S i m i l a r d i s p r o p o r t i o n a t i o n r e a c t i o n s on p y r o l y s i s are 
observed f o r (MeBeOMe)2

 2 ^ and (MeZnOR)^, but not f o r 
(MeCdOBu^)^. I n the l a t t e r case z i n c ^ ^ and cadmium 
d e r i v a t i v e s react i n a s i m i l a r manner and l i b e r a t e isobutene. 
Reactions o f dimethylcadmium w i t h t h i o l s 

Dimethylcadmium reacts w i t h methane t h i o l and th i o p h e n o l 
r e s p e c t i v e l y a t - 7 8 ° t o give products which are i n s o l u b l e i n 
benzene, toluene and hexane and are presumably polymeric. 

era £n 

I n t h i s respect they resemble the mercaptides of mercury, 7' 
[Hg(SMe) 2] x, [ H g ( 3 E t ) 2 ] x and [ H g ( S B u t ) 2 ] x and the n - a l k y l 
t h i o l d e r i v a t i v e s of di m e t h y l z i n c , 3 9 (MeZnSR) , which are 
also polymers. Although i n s o l u b l e i n organic solvents 
(MeCdSMe) i s r e a d i l y soluble i n p y r i d i n e or t r i e t h y l p h o s p h i n e 
Evaporation t o dryness under reduced pressure leaves only 
the o r i g i n a l cadmium compound (shown by i n f r a - r e d spectrum) 
and i n n e i t h e r case could an adduct be prepared. The a d d i t i o n 
of a benzene s o l u t i o n of 2 : 2 * - b i p y r i d y l t o (MeCdSMe) does 
not cause the l a t t e r t o di s s o l v e and only b i p y r i d y l was 
recovered from the s o l u t i o n . S i m i l a r l y (MeCdSPh)„ dissolv e s 
i n p y r i d i n e but evacuation of the mixture causes the l o s s of 
the l i g a n d . E v i d e n t l y p y r i d i n e reacts r e v e r s i b l y , competing 
w i t h sulphur atoms f o r c o - o r d i n a t i o n p o s i t i o n s about the 
cadmium. 
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(MeCdSPh)v ( i n s o l u b l e ) + py v (MepyCdSPh)_ ( s o l u b l e ) 
Such a r e a c t i o n i s analogous to the e q u i l i b r i u m obtained 
between trimethylamine and the dimeric aluminium and 
ga l l i u m compounds. 

(Me 2AlSMe) 2 + 2NMe^ s
 N 2Me2Al(NMe3)SMe 

T h i o l d e r i v a t i v e s of n o n - t r a n s i t i o n metals have been 
r e l a t i v e l y l i t t l e studied but monomeric compounds o f 
be r y l l i u m and gold are known. The product derived from 
2 - amino - ethane t h i o l , H0NCH0CH0SH, and (Et0AuBr)„ i s 
monomeric,^ 1 f i g u r e ( x i x ) i n several solvents. This has 

CH;, 

CH, 

( x i x ) 
been a t t r i b u t e d t o c o - o r d i n a t i o n by the amine group \tfhich i s 
s u r p r i s i n g i n t h a t sulphur might have been expected t o be a 
stronger donor than n i t r o g e n towards gold and thus t o 
produce a dimer. Dimethylamino-ethane t h i o l reacts w i t h 
d i m e t h y l b e r y l l i u m t o give a monomer, (Me 2

:IfCH 2CH 2S) 2Be, 

po s s i b l y due t o the formation of an i n t e r n a l c o - o r d i n a t i o n 
complex i n v o l v i n g the n i t r o g e n atoms, f i g u r e ( x x ) . 

CH, Me, 
N -

CH, 

\ / 
-N b 

Me 0 

CH, 

CH, 

( X X ) 

file:///tfhich
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Branched chain t h i o l s , i-PrSH and t-BuSH react w i t h 
dimethylcadmium t o give complexes which are soluble i n 
organic solvents. Cryoscopic determinations o f molecular 
weight i n benzene s o l u t i o n , Table I , show t h a t the complex 

analogous t o the corresponding zinc compound-* , w h i l e t h a t 
derived from t-butane t h i o l i s t e t r a m e r i c . The zinc 
d e r i v a t i v e i s a pentamer, (MeZnSBu^)^. 

MethylcadmiumCt.-butyl)sulphide could w e l l have a s t r u c t u r e 
s i m i l a r t o the cubic arrangement p o s t u l a t e d f o r the alkoxides 
whereas methylcadmium(isopropyl)sulphide could conceivably 
have a s i m i l a r s t r u c t u r e i n v o l v i n g two six-membered r i n g s 
i n which p o s i t i v e and negative centres are brought r e l a t i v e l y 
close together, f i g u r e ( x x i ) . Again the e f f e c t i s t o increase 
the e f f e c t i v e c o - o r d i n a t i o n of the cadmium and sulphur atoms. 
This would oppose the f o r m a t i o n o f p y r i d i n e adducts and 
indeed such complexes could not be i s o l a t e d . 

derived from isopropane t h i o l i s hexameric (MeCdSPr ) ^ 

Me R 

/ I Cd Me R S i > L - S ' R I Cd 
I I I I 

I HSH CdMie 
^SR Me Gd 

Cd 
R Me 

( x x i ) 
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TABLE I I I 

Methylcadmium i n f r a - r e d absorptions a ( cm. ~ 1 ) 

Compound Cd-Me rock ^( Cd-Me) 

Me2Cd 688 vs 522 vs 

(MeCdOMe)x 670 vs , 1+86 vs -

(MeCdOEt)^ 667 vs ^83 vs 

XMeCdOPr1)^ 668 vs 1+82 s 

(MeCdOBu t) 2 669 vs 1+81 s 

(MeCdOPh)^ 66^ s 1+87 m 

(MepyCdOPh)x 656 m 1+71 m 

(MeCdSMe) 61*9 s - ^68 s 

( M e C d 3 P r i ) 6 658 s 1+65 s -

(MeCdSBu*)^ 665 s 1+69 m 

(MeCdSPh) 
.A. 

659 s V72 s 

s, strong; m, medium; v, very. 

a As NU30I mulls escept MepCd ( l i q u i d f i l m ) . 
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I n f r a - r e d absorptions of the Cd-Me group 

The i n f r a - r e d spectrum o f dimethylcadmium has been 
s t u d i e d , ^ but the spectra of other alkylcadmium compounds 
have not been reported. 

The Cd-Me rocking and Cd-Me s t r e t c h i n g frequencies 
observed f o r dimethylcadmium and the methylcadmium 
c o - o r d i n a t i o n complexes are shown i n Table I I I . The Cd-Me 
rocking and s t r e t c h i n g frequencies observed i n the alkoxides 
show l i t t l e v a r i a t i o n between compounds and are g e n e r a l l y 
at s l i g h t l y higher frequencies than those observed f o r the 
sulphur d e r i v a t i v e s . Both Cd-Me rock and >5 (Cd-Me) are 
at considerably lower frequencies i n the c o - o r d i n a t i o n 
complexes than those observed i n dimethylcadmium i n which 
the metal i s two co-ordinate. 
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