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CHEMISTRY 

Tetrakis (Triphenyl Phosphite) Nickel (0) 
as an Initiator of Polymerization at Room 

Temperature 
ORGANO-METALLIO compounds in which the metal is 

in a low (preferably zero) oxidation state, in the presenco 
of a suitable organic halide, can initiate tho free-radical 
polymeriiti.tion of vinyl rnonomers1 • The metal carbonyls 
and their derivatives, and the hexaphonylisocyano 3 

complexes of group VI metals have been most studied 
from this point of view. Rocontly we have studied the 
compound totrakis (triphenyl phosphite) nickel (0) 
(TTPN), described in the literature earlifir this year•; 
our observations on this rno,terial, which shows unusually 
high activity as an initiator, are reported hcl'e, From a 
practical point of view this derivative has the advantage 
of possessing a comparativoly high stability in the solid 
state (it melts fairly slrnrply at 146° C)-an unusual 
attribute for a material which is an effective initiator at 
room ternp01ature. 

As a ligand, triphenyl phosphite belongs to the same 
class as carbon monoxide a.nd phenyl isocym1ide; however, 
the double-bond charaotor of the phosphorus to metal 
bond arising from the back-donation of electrons from the 
d orbitals of the metal to the ligand ii; much less and 
consequently the ligand is more readily di;;placed. 

Tetrakis (t,riphenyl phosphite) nickel (0) was propared 
by the reaction of the puro ligand and freshly sublimed 
nickelocone in boiling benzene under a nit'rogcn atmosphere, 
according to the method of Olechowski, McAlister and 
Clark3

, a.nd purified as described by these authors. 
The dorivtttive alone is not an effective initiator of the 

polymerization of methyl mothacrylate at 25° C, but it 
initiates readily in the presence of a low concentration 
of a. suita,ble organic halide such as carbon tetrachloride. 
The dependence ofrat o of polymerization on carbon tetra­
chloride concentration is J'cmarkably similar to that 
observed with the metal carbonyl1 and phenyl isocyanido 
derivatives2 ; the rate, almost zero for [CCl,] = 0, 11,t, 

first ris,es rapidly with incroa,sing [CCI,] but ultimately 
reaches a plateau value, so that for [CCI,] > 0·02 mole l.-1 

it is independent of [CCl 1 l, With nickol carbonyl the 
limit ing rate is reached only at higher valt1es of [CCI, l 
(ref. 4). 

In bulk methyl methacryhl,to a t 25° C t:ho rate of poly­
merization is given by: 

d[MJ . 
- "'"F = l ·02 x 10-2 [TTPN]' 12 mole 1.-1 sec-1 (I) 

(M represents the monomer). Tho frce-radioal nature of 
the reaction is indicated by the half-order in initiator 
concentration in (I) and a lso by the fact tlw,t the kinetic 
parameter lcplc 1--½ (kp, kt being propagation and termination 
coefficients, respectively) calculated from mean rates 
and degreos of polymmiztttion has tho ,wrmal vi,lue 
for the free-radical polymerization of methyl mcthacrylate 
a t 25° C. The order in monomer concont,ration is l ·5 
(with benzene as diluent,), showing t,lrn,t; Lhe monomer 
enters into the initiation step; this has been found with 
some carbonyls, for oxmnple, molybdonum carbonyl". 
We believe that a similo,r mechanism holds in all theee 
systems-the metal derivative reacting with monomer 
to form a complex which aftorwards yiolds radicals on 
reaction with the halide. 

Tetrakii; (triphenyl phosphite) nickel (0) does not show 
the marked inhibition observed with nickel carbonyl', 
so that the relationship (1) is obeyed over the whole range 
of concentrations investigated (up to 2·9 x 10-3 mol e J.-1 ). 

Initiation n,t, 25° C is muoh more rapid under comparable 
conditions of concentration than with nickel carbonyl 
particularly at high initiator concentrations when inhibi­
tion in tho niokel carbonyl system is vory marked. Even 
at low 0011centrations the difference amounts to a factor 

of nearly 100 in the rato of initiation. These results, 
therefore, arc, consistent with the view tlHtt triphenyl 
pbosphite is a more labilo ligand. 

Triphenyl phosphite acts il.S a mild inhibitor of the 
polymerizn,t.ion, the effect being very sm11,ll compared to 
tho inhibition by carbon monoxide encountered in tho 
corresponding carbonyl system. (Triphenyl phosphite is 
not a retarder in these reactions, nor docs it affect tho 
free-radical polymerization of 1nothyl methacrylate initia­
ted by azo,b·is-isobutyronitrile.) This nmy indicate that 
the initial reaction of the nickel derivative with monomer 
is not roadily rovorsiblo, or tlmt the greater part of the 
process in vol vcs addition of monomer without seission of a 
triphenyl phosphite ligand. 

Use of polyvinyl trichlorncot,n,te (PVTCA) as the halide 
in place of rn,rbon t etrachloride loads to very re.pid 
gelatiou at 25° C:. Thus with [PVTCA] = :1•84 x 10-2 base 
mole I.-1 (weight averago molecular weight 88,000) and 
[TTPN] = 6·15 x 10-• molo 1.-1 the gel time is 10 min, 
11,pproximately. As alroady shown•, this implies that 
radical format,ion takes place by abstraction of a halogen 
atom from the ha lide by the m etal derivative, giving an 
organic radici~l (for example, ·CCI, from CCJ 1 ) capable of 
initiating polymerization. 

Work is in progress to investigate the effect of changes 
in the structure of the org11nic ligand on tho activity of 
these initiat,ing systems. · 
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Effect of Zinc Chloride on the Velocity 
Coefficients in the Polymerization of 

Methyl Methacrylate 
IT is well known that the reactivity of the propagating 

species in ionic polymori:r.at,ion is greatly influenced by 
the proximity and character of the gogonions and by 
complex formation. As a rule, free radical reactions aro 
comparatively insensitive to tho nature of their environ­
ment, although thoro are references in tho literature to 
ohanges in t.l:i.o rate of free-radical polymerizations, and 
the nature of the polymors formed, which have been 
attributed t.o Lho part;icipe,tion of rndicals in complexed 
forms, The investigation of the structure and reactivity 
of radical complexes in polymerization is a :field which 
has not boen surveyed systematically, but; which, never­
tholoss, may contain i1ttoros(;ing features . We have 
embarked on au invest,igat,ion of the absolute raoo co­
officients in the free-radical polymeri:r.at,ion of vinyl 
monomers in the p resenco of possible complexing agents 
ttnd roport, hon, some results for the methyl rnet,hacrylate­
,-;inc chloride system. The only measurenrnnts of a similar 
type recorded in the litemture appear to be those of 
Bamford, ,Jenkins and ,Johnston\ on n,crylonitrile in 
NN-dimethylformamide solution in the presence of 
lithium s,1lts. Kargin, Kahanov and Zubov2 considered 
that the prm;ence of zinc chloride during tho polymeriza­
tion of methyl methacrylate affects the microstructure of 
the polymel', but; this finding was not confirmed by 
Bovoy 3 • Moro 1·eoently, Imoto, Otsu and Harada4 have 
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