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ABSTRACT 

Thermogravimetric measurements show that complexes of nickel (II) dihahdes 

with alkyd and aryl substituted phcsphines in an oxygen containing atmosphere start 

to decompose near or above 2OO’C yielding solid phases based on nickel oxide and 
phosphorus pentoxide. 

INTRODUCTION 

Complexes of nickel (Ii) compounds, particuIarly those with nitrogen coordi- 

nated hgands, and their thermal dissociation reactions have been studied in great 

detail ’ . These dissociation reactions generally proceed in a straightforward manner. 

Most of the complexes with nitrogen coordinated ligands degrade step-wise giving 
compounds with a lower ligand metal ion content. This paper presents a study of the 

thermal stability in an oxygen containing atmosphere of nickel (II) dihalide phosphine 

complexess, Nix2 (PR,), , where X = haiogen and R = alkyl or aryl, by thermo- 

_eravimetric analysis (TGA). In connection with these studies it was of interest to 

search for parallels in the thermal behavior of complexes having phosphorus bonded 

ligands and those having nitrogen bonded ligands. A related study of the thermal 
properties of cobalt (II) dihalide complexes of phosphines has been published else- 

where. 

Materials 

Triphenylphosphine was obtained from Eastman and tri-n-butylphospbine 

from M&T. Chemicals_ Di-n-butylphenylphosphine was prepared from dichloro- 

phenylphosphine and n-butyl lithium in 73% yield, b-p. 9O’C at 1 mm and n-butyl- 

diphenylphosphine was synthesized similarly from chlorodiphenylphosphine and 

n-butyl Iithium in 73% yield, b-p. 120°C at O-2 mm_ The nickel (II) dihalides were 

purchased from Fischer Scientific or Alfa Inorganics. 

Preparation of Complexes 

The complexes used in this study were prepared by combining solutions of the 

nickel (II) dihalides with solutions of the phosphine in the mole proportions 1:2 
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folIowing procedures reported in the literature3-6. Several of these complexes have 

been also prepared and characterized by several other investigators’.” (Table I). 

TABLE ! 

PslCKEL (ir) DIHALIDE PHOSPHmE COMPLEXES ISVESTIGATED IX THIS STUDY 

Compiex .%f_p. (lit.) 

(‘C) 

Yield (% J Reference 

NiC12(PPh3), 240, dec. (247-25G)a 79 3 
fiiBrZ(PPhaj, 330_222 (22&225)’ 4s 3 

Niil(PPh& 2! 5-220 (218-220)= 70 3 

iSiC12(PBuPht)z 147-152 (149-15oy 85 4 

NiC11(PE3ulPh)r 58-59 (56-57) 74 4 

NiC!21PBu,), 50-5 (56-57) i5 5 

“Lk6: m-p_ 221-222X. 
“Lka: m-p. 2C5-206cC: Lit.:: m.p_ 223 ‘C. 

‘Lit_% m. p_ 225’C_ 

FrLif.s: m-p. 143-14i’C. 

Apparatus 
The instrument used for the themlogravimetric measurements was an Aminco 

Thermo-Grav manufactured by the American instrument Co., Silver Springs, Md. 

The sampIe size generally amounted to about 200 mg and the sweep gas in all cases 

was a mixture of 10% oxygen and 90% helium at a fiow rate of 50 cm3/min. The 

heating rate was 3’C/min. 

REStiSTS AKD aXCLLSIOlr;S 
. 

Trip/len3?Iphosphi~e Complexes 

The complexes of the general formula NiXZ(PPh3), are paramagnetic with 

magnetic moments corresponding to two unpaired electrons. An X-ray study of 

NiC12(PPh3)2 indicates a tetrahedral configuration for this compound’_ 

In an earlier study of some of the thermal properties of bis(tri&enylphosphine) 
complexes of nickel (II) dihalides it was O’JSeW2d * ’ that upon heating NiBrZ(PPh3), 
in air a sublimate was obtained which consisted of triphenylphosphine oxide. How- 
ever, in nitrogen atmosphere the sublimate was triphenylphosphine. Weight loss 

studies at constant temperature (259OC) in nitrogen showed that the amount of 

triphenylphosphine dissociated under these conditions was 88O/b of the theoretical for 

NiClz(PPh3)2, 80% for NiBr2(PPh3)2 and 29% for NiI,(PPh&, indicating an 

increase of stability in that order. 

The present paper describes weight loss r.r_ temperature studies of nickel (II) 
dihalide bis(triphenylphosphine) complexes_ As shown in Fig. 1, using the minimum 
TGA dissociation temperatures as the criteria for determining thermal stability, the 

order of increasing stability is chloride < bromide < iodide. This order is in agreement 

with the previously reported data’ ’ and with the order established for ammine and 
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other nitrogen bonded iigands in nickel (II) dihaiide complexes’. For comparison 

purposes the TGA curve for the ligand triphenylphosphine itself is shown in Fig. I 

also. It is seen that the Iigand, when heated in the thermo-balance under comparable 

Fig. 1. TGA curves CC NiX,(PPh3)= and PPh3- 

conditions. starts to distill out of the sample holder at about 15O’C with this process 

having gone to completion at -S 275’C whereas the decomposition temperature of the 
compiexes is > 18O’C. This indicates that the rate-determining step in the therma 

decomposition of the complex is the dissociation of the tripher,ylphosphine Iigand 

rather than the volatiIization of the &and after it has been released from coordination 

with the metal ion. Upon further temperature irzrease beyond the occurrance of the 

initial weight loss. simultaneous distiilation of the volatile triphenylphosphine and 
oxidation of part of the triphenylphosphine takes place. This oxidation apparently is 
catalyzed by nickel ions since in their absence the phosphine distills cleanly and 
quantitativeiy out of the sample holder_ Also, cobalt ions were found’ to catalyze the 
oxidation of triphenylphosphine by oxygen. It is visualized that the oxidation process 
proceeds ria triphenyIphosphine oxide, diphenylphosphinic acid, phenyIphosphinic 
acid to phosphate_ Breaks in some of the TGA curves seen above about 300°C may be 
indicative of such a mechanism. However, in no instances stable intermediates such 
as complexes with only one phosphine Iigand were realized during the thermal 
decomposition. 

The average apparent molecular weight of the residues obtained after the mass 

loss cures have become horizontal ranges from 101 for the iodo complex, to 108 for 
the bromo complex, and 110 for the chloro complex. Elemental analysis of the residue 
ol’ the thermal decomposition of NiC1,(PPh3)t gav-e 40.5% nickel and i2.9% phos- 
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phorus and small amounts of chlorine. This is interpreted to mean that solid phases 
consisting of nickel oxide and phosphorus pentaoxide were formed. SimiIar soIid 
materials based on Co30, and Pz O5 were obtained as a result of the thermal decom- 
position of analog cobak complexes, CoX=(PPh,),. 

Other phosphine conlplexes 

Tire additional phosphine complexes investigated in this study were of the 

general formula NiCIt [P(n-C,H,),(C,H,),_ Jz, where n = I, 2, or 3. The n-butyi- 

diphenyl cornpIes (n = 1) at low temperatures may be obtained as the square planar 

structure being of dark red color. This fcrm, however, is unstable at room temperature 

and rapidly isomerizes within a few minutes to the blue-purple teirahedral form’. The 

latter form was the one used ir the present work. The complexes for n = 2 and 3 are 

diamagnetic dark red crystais and thus were assigned a transpianar structure4. 

The weight loss curves in Fi,. u 2 show that the complexes for n = I, 2, and 3 do 

nbt differ greatly in their thermal stabiiity. Thermal decomposition is seen to occur in 

the range from I75 to 200°C which is higher than the temperature at which triphenyI- 

Fig. 2. TGA curves of nickei (II) dichloride phosphine complexes NiC12(PBu.Ph3_&. 

phosphine itself is volatilized under comparable conditions. Since the phosphines 

P(n-&WnW&%-n are more volatile than triphenylphosphine, the temperature at 

which weight loss is first observed for these complexes clearly is determined by the 

stability of the complexes and not by the rate of volatilization of the ligands. It 
appears further that there is no significant difference in the stabilities of these com- 

plexes when they are compared with the triphenylphosphine complex of NiC12, the 

thermal stability of which is depicted in Fig, l_ 

The average apparent moledar weight of the residues of the thermal degrada- 

tion of the above comp&ces in the oxygen containing atmosphere at 650°C ranges 
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from 97 for the tri-n-butylphosphine complex to 125 and 127 for the n-butyldiphenyl 

and di-n-butylphenyl phosphine complex, respectively_ The conclusions with regard 
to the formation and the nature of the residue of the thermal decomposition of these 
complexes are the same as were developed for the triphenylphosphine complexes 
described above. 
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