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Summary. It is shown that the ligand 2,ll-bis(diphenylphosphinomethyl)benzo[c]phenan- 
threne (1) reacts with nickel(II), palladium(I1) and platinum(l1) substrates giving either ex- 
clusively, or predominantly, mononuclear complexes of the type trans- [MXz (l)] in which the 
organic ligand spans trans-positions. It is further shown that thc spectroscopic properties which 
are mainly associated with metal and donor atoms in complexes of this type arc closely related 
to those of the corresponding square planar complexes of the type trans-mX2(PhzPCH2Ph)2]. 

1. Introduction. - In Part I of this series 111 we reported the preparation of 
2,ll-bis (diphenylphosphinomet hyl) benzo [c] -phenanthrene (1) , a bidentate ligand 
designed to span trans-positions in square planar complexes of the type trans- 
[MQZ(l)] (2), where M is the metal atom or ion while Q and 2 are the other two 
ligands which may be charged or uncharged (ionic charges have been omitted to 
simplify this general formulation). 

PPhz PPhz 

1 2 

At  the time this project was started the only well-characterized complex contain- 
ing a bidentate ligand spanning trans-positions was trans-[NiBrz(cyzP(CH2)sPcyz)] 
(cy = cyclohexyl) described by Issleib & Hohlfeld [Z]. More recently several sets of 
square planar complexes containing ligands which are either bidentate or acting as 
bidentate and coordinate spanning trans-positions have been reported : (i) trans- 

1) 

2) 

Part I: preceding paper [l]. 
Present address: Laboratorium fur anorganische Chemie, ETH-Zentrum, CH-8092 Zurich, 
Switzerland. 
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Electronic spectra of coniplexes trans- [NiSg(1)1 

[MCl2(Zigand)] and trans-[IrCl(CO) (Zigand)] (M = Pd and P t ;  Zzgand = (t-Bu)z- 
P(CH2).P(t-Bu)z, n = 8, 9, 10 and 12) [ 3 ] ;  (ii) t rans-[MXz( l ) ]  (M = Ni, Pd and Pt ;  
X = anionic ligand) [4] ; (iii) trans-[PtClz(Zigarcd)I (Zigand = CHz=CH(CHz),(CH)3(2- 
[4,6-MezCsHzN]}, x = 1, 2, 4 and 8) [5] ; trans-[RhCl(CO) (Ziga?zd)] (Zigand = Ph2P- 
(CH&HZO),CH~CH~PP~~,  x = 1, 2 and 3) [6] and (iv) trans-!Pt(r\TH~)z(Zigand)]Clz 
(ligaizd = RNH(CHzCH2NH&+Cl-) [7]. In all these ligands, with the exception of 1, 
the two donor atoms are joined by flexible chains and the compounds are most easily 
obtained if the chelate rings consist of at  least eight atoms. Furthermore, the mono- 
nuclear complexes are normally accompanied by substantial amounts of oligomeric 
species. 
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The expected geometrical features of ligand 1 have been discussed in Part I [l]. 
These predictions are now being tested by studying the coordinatiiig properties of 
this ligand with a variety of metal centres. We report here the first set of such tests 
designed to compare the properties of square planar complexes trans-[MXs( l)] 
(M = Ni, Pd and Pt) with those of the corresponding species tra.ns-[MX~(Ph2PCK~Ph)2]. 

2. Results and discussion. - The complexes prepared and some of their 
physical properties are listed in Table 1 and the related analytical data are given in 
Table 2. As can he seen, these species can be isolated in reasonable yields. Their 
mononuclear nature was established by molecular weight determinations. 

Tests for the presence of species [M,C12,(1),], where x > 1, were carried out as 
follows : the appropriate substrate and ligand 1 were reacted together and the resulting 
mixture examined by31P-NMR. I t  was found that the reaction of Naz[PtC14] and 1 in 
aqueous acetone gave ca. 92% of the mononuclear species and ca. 8% of another 
species with very similar NMR. characteristics (831~ = 15.4 ppm, 11J1g5pt-3~pl = 

2560 Hz) which is presumed to be an oligomer with the phosphorus atoms occupying 
mutually trans-positions. On the other hand, the reaction of ligand 1 with 
[PtzC14(C2H&] in CDC13 gave ca. 65% monomer and the remainder in the form of a t  
least two other species (&lP = 15.6 ppm, jlJ1g5pt-31pj = 2594 Hz and &Ip = 15.5 
ppm, I 1J1g5pt-31pl = 2597 Hz respectively) which were not identified further. The 
reaction of [PdClz(PhCN)$ and 1 in acetone gave over 98% of the mononuclear 
species. This is to be contrasted with the results of Pryde et a2. [3] who have shown 
that ligaiids ( ~ - B u ) ~ P ( C H ~ ) ~ P ( ~ - B U ) ~  (n = 9, 10 and 12) react with substrates 
[MClz(PhCN)zj (M = Pd and Pt) giving mixtures of species [M,Cl~,(ligand),] (x = 1, 2 
and 3) and that yields of mononuclear species range from 20 to 30%. 

Table 1. Some physical properties of conaplexes trans-[NXz(l)] 

Compound M X Colour Dec. p. a) 

(1) Ni c 1  purple 300" 
(11) Br v. dark brown 280" 
(111) I dark green 260" 
(IV) NC S orange red 28.5" 
(V) Pd c 1  deep yellow 260" 
(W Rr orange 265" 
(VII) I red brown 28.5'' 
(VIII)  Pt c1 yellow 300" 
(IX) Br bright yellow 300" 
(XI I orange 300" 

Yield (%)b) Mo1.-Wt.C) 

47 d) (754) 
48 9 (843) 
63 950 (937) 
49 814 (799) 
58 818 (802) 

60 974 (985) 
71 891 (936) 

43 e )  (1047) 

67 811 (891) 

27 ") (980) 

a) 

b) 

c )  

d) 

c) 

Gradual decomposition occurs above the temperature stated. 
These refer to  analytically pure products. For a semi-quantitative estimate of the species 
actually obtained during the reactions see text. 
These were determined osmometrically in CH2C12. The calculated values are given in pa- 
rentheses. 
Not sufficiently soluble for this measurement. 
The sample decomposes during the measurement. 
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Table 2. Analytical data for  complexes trans-[MXz(l) J 

Compound C %  H %  P %  X %  

Found Calc. Found Calc. Found Calc. Found Calc. 

(1) 69.88 70.04 4.51 4.54 8.14 8.21 9.35 9.40 
62.28 62.36 3.83 4.03 7.50 7.36 18.78 18.98 

(111) 56.02 56.22 3.69 3.62 6.61 6.60 27.46 27.26 

65.76 65.90 4.44 4.27 7.92 7.72 9.00 8.84 
(VI i  59.58 59.32 4.00 3.85 7.11 6.95 17.59 17.94 
(VIU 53.45 53.66 3.43 3.48 6.18 6.29 25.92 25.77 
(VITI) 59.09 59.33 3.90 3.85 6.68 6.95 8.09 7.96 
(IX) 54.04 53.95 3.66 3.50 6.18 6.32 16.23 1.6.31 
(X) 49.29 49.23 3.13 3.19 5.88 5.77 23.73 23.64 

") 
b, 

(11) 

(IV) 68.88 69.08 4.34 4.26 7.56 7.76 ") 9 
(V 

N %, 3.52; S %, 7.90. 
N %, 3.50; S %, 8.01. 

The trans-configuration of complexes J.MXz( l)] was deduced from their NMK. 
spectra. The proton spectra of all the complexes are very similar and show the follow- 
ing features (see Table 3)  : 

1) a resonance between 9 and 11 ppm due to the protons at  positions 1 and 12 of the 
benzo!c]phenanthrene ring [l] ; 

'2) a coinplex multiplet of resonances between 6.S and 8 ppm originating from the 
aromatic protons and 

3 )  a pseudo-triplet, in the region 3.5-5 ppm, arising from the -CHe- protons (in 
the platinum complexes this triplet is accompanied by its 195Pt-satellites)3) which 
is generally indicative of trans-configuration [S]. 

'The 31P-NMR. spectra (see Table 3)  consist of a single resonance for each of the 
nickel(I1) and palladium(I1) complexes and of one resonance, accompanied by the 
appropriate satellites, for each of the platinum(I1) complexes. The values of 
I 1J195pt-31p 1 (see Table 3)  are also consistent with a trans-configuration [8].  Finally, 
it is interesting to note that the NMR. parameters for complexes of ligand 1 are 
almost identical to those of the corresponding complexes truns-[MXz(PhzPCH2Ph)z] 
and significantly different from those of complexes cis-[MXZ(Ph2PCHzPh)e~ (see 
Table 3 ) .  

The IK. spectra of complexes trans-[MXz(l)] were also examined. They are very 
similar to those of the free organic ligand. Features worth noting are: 

3, A detailed study of the 1H-NMK. spectra of these and related complexes will be reported 
a t  a later date. 
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Table 3. N M R .  #aranzeters for coinplexes trans-[MXz(l)] and related species 

2687 

Compound 81, I Z ~ )  8-CIf-  Jib) Jzc) 831p J3d) 

( P P 4  ( P P )  (Hz) (Hz) ( P P 4  (H4 

8.91 
11.10 
10.99 
10.76 
10.70 
10.40 
10.39 
10.32 
10.46 
10.47 
10.43 
- 

3.65 
3.93 
4.22 
4.70 
3.80 
4.30 
4.56 
5.00 
4.32 
4.57 
4.98 
3.53 
3.95 
4.11 
3.98 
4.04 

<1 
7.3 

10.3 
8.8 
9.1 
9.1 
8.1 
7.8 
9.6 
8.9 
8.8 
3.1 
8.3 

11.6 
8.5 

12.2 

28.2 
34.1 
31.3 
- 

- 

23.0 
25.0 

- 8.7 
31.4 
12.1 
26.4 
14.9 
19.7 
16.0 
5.7 

16.8 
12.6 
4.1 

14.1 
20.1 
30.3 
15.6 
9.7 

- 
2602 
2492 
2429 
- 

- 
2585 
3733 

a) 
*) I ~ J F - E + ~ J P - E I  for -CHz-. 
c)  1 3 J p t - ~ 1  for -CHz-. 

") For -CHz- 8 1 3 ~  = 36.7 ppm and /1J31p-13c 1 = 15.9 Hz. 
p, For -CHz- 8 1 3 ~  = 41.8 ppm and 11J31p-~3c+3J31p-~3c I = 29.3 Hz. 
g)  For -CHz- 813c = 33.4 ppm and i1J31p-13c+3J31p-13c 1 = 29.3 Hz. 
h) [Ni (NC S) 2 (PhzPCHzPh) 2 j . 
5 )  trans-[PdCIz(Ph~PCH~Ph)z]. 
j) cis- [PdCIz (PhzPCHzPh)z]. 
k) tvans-[PtCI~(PhzPCHzPh)~]. 

Shift of protons a t  positions 1 and 12 on the benzo[c]phenanthrene ring. 

d, I 1J1g5pt-31p I . 

I) cis-[PtClz(PhzPCHzPh)z]. 

1) the complexes show one medium-to-strong band at  ca. 1100 cm-1 whereas the 
free ligand shows only a weak band in this region; the presence of this band 
appears to be characteristic of all complexes of ligand 1 and thus may be used as 
an empirical criterion for the presence of coordinated 1 ; 

2) the spectrum of trans-[Ni(NCS)z(l)] shows only one Y(CN) band at  2086 cm-1 
which is taken as indicating the presence of N-bonded thiocyanate in this complex 
~91; 

3) the spectra of the complexes in the region 650-200 cm-1 show one additional 
band which is likely to be associated with an M-X vibration; however, in view of 
the very large number of ligand bands in this region and of low symmetry of the 
complexes further studies will be required in order to make reliable assignments. 
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Complexes trans-[MXz( l)] give rather uninformative electronic spectra. These arc 
dominated by ligand absorptions and only in species trans-[NiXz( 1)j the typical ab- 
sorption pattern of square-planar diamagnetic [NiXz(R,P),I complexes [lo] can be 
clearly observed (see Figure). 

Browning et al. [ll] have shown that complexes !NiX~(PlizPCH~Ph)z] (X = C1, 
Rr  and I) can be obtained in both tetrahedral (paramagnetic) and square-planar 
(diamagnetic) forms and that both forms occur in solution. As the complexes of 
ligand 1 with the nickel(I1) halides give only square-planar diamagnetic forms, it 
is concluded that while the ligand field effects of ligand 1 and of two molecules of 
PhzPCHzPh are very similar, the steric requirements of the former ligand are re- 
sponsible for the preferential formation of square-planar species. 

In summary, all available evidence indicates that ligand 1 easily forms normal 
square-planar complexes with electronic and NMR. characteristics which are very simi- 
lar to those of the corresponding square-planar complexes tran.s-rMXz(Ph2PCHzPh)zj. 

Experimental Part. - For generalities see [l]. The VIS. and UV. spectra were recorded 
on a Cavy 14 spectrophotometer. The conductivities were measured as described elsewhere [12]. 
A411 solvents were dried and purified by standard methods [13]. Ligand 1 was prepared as described 
in Part I [l]. Diphenylbenzylphosphine 1141 was conveniently prepared as follows: 20.5 nil of 
2 . 2 ~  yt-BuLi in hexane (Eastman-Kodak) was added to 7.8 nil PhzPH (Stvem Chemicals) in 30 nil 
THF a t  0". The PhzPLi solution thus prepared was added dropwise to a stirred solution of 7.2 g 
(5 mmol) PhCHzBr in 25 ml THF at 0'. Addition of the phosphide was stopped when one drop of 
it gave an orange colour to the solution. Stirring was continued for 1 h and then the solvent 
was evaporated under reduced pressure. The yellow residue was dissolved in 25 ml CHzClz and 
thc solution washed 4 times with 50 ml water. The organic layer was dried over MgS04 and evap- 
oration of the solvent left a white residue which was recrystallized from ethanol. Yield 75%. 
3f.p. 75-77' (lit. 74" [14]). 

The preparation of the complexes was carried out in an atmosphere of nitrogen up to the 
point wlierc the crudc complexes were obtained in the solid state. Further treatment was carried 
out in air unless otherwise stated. The complexes were preparcd in an analytically pure state as 
follows : 

trans-[NiClz(l)]. 0.62 g (1.0 inniol) 1, in 60 ml acetone, was added dropwise over 1 11 to a 
stirred solution of 0.24 g (1.0 mmol) NiClz * 6HzO in 40 ml water/acctone 12:88. The purplc-red 
precipitate was filtered off, washed twice with 15 ml acetone and dried i. V. Soxhlet-extraction 
(in Xz-atmosphere) of the crude complex with 200 ml CHzClz for 3 days gave a deep red extract 
which, on concentration to ca. 25 ml over 4 days in a stream of Nz, gave crystals o€ the pure 
complex. These were filtered off, washed twice with 10 In1 CHzClz and dried for 7 days at  ca. 
70"/1 x 10-6 Torr. 

trans-[NiiBrz(l)]. This complex was prepared as above using NiBrz. The crude product was 
recrystallized by dissolving it in ca. 400 ml CH2C12, filtering off the solution, reducing the volume 
to ca. 20 ml in a slow stream of nitrogen, filtering off the precipitate, washing it twice with 5 ml 
CHzClz and drying it for 5 days at ca. 25'/1 x 10-5 Torr. 

trans-[Niilz(l)]. 4 solution of Nil2 was freshly preparcd by refluxing 0.58 g (2 mmol) Ni(N03)~ * 

6HzO and 1 g (6 mmol) KI in 30 ml n-BuOH for 2 h. The resulting mixture was cooled and filtered. 
'The filtratc was concentrated to ca. 10 ml under reduced pressure and diluted with 60 in1 acetone. 
0.94 g (1.5 mmol) 1 were added dropwise over 2 h to the above solution. Precipitation of the 
crude product was complete after ca. 2 h. The solid was filtered off, washed 3 times with 15 ml 
acctone and dried. The crude product was dissolved in cu. 100 ml CHzCIs, the solution filtered off 
and the solvent allowed to evaporate slowly in a stream of Nz, The pure complex was filtered off, 
washed twice with 5 ml CHzClz and dried for 5 days at  ca. 90"/1 x 10-5 Torr. 
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trans-[Ni(NCS)~(l)]. 10 ml of a solution of Ni(SCN)z was freshly prepared as described abovc 
from 0.58 g (2 mmol) Ni(NO& . ~ H z O ,  0.58 g (6 mmol) KSCN and 30 ml n-BuOH. The complex 
was prepared and purified as its iodo-analogue. 

trans-[PdClz(l)]. 0.61 g (0.97 mmol) 1 in 80 nil acetone was added dropwise to a stirred solu- 
tion of 0.38 g (1 mmol) [PdClz(PhCN)z] [l5] in 15 ml acetone. The precipitate was filtered off 
after 15 h, washed with acetone and dried i.V. It was recrystallized by dissolving it in a large 
volume of CH2C12, filtering off the solution, slowly evaporating most of the solvent in a stream 
of NZ and filtering off the crystalline product which was then dried i.V. (110"/6x 10-7 Torr) for 
5 days. 

trans-[PdBrz(l)]. It was prepared and purified analogously to  the chloro-complex. 

trans-[,Pt12jl)]. 0.51 g (3.38 mmol) NaI in 10 in1 acetone, werc added dropwise to a stirred 
suspension of 0.30 g (0.37 mmol) [PdClz(l)] in 20 ml acetone. Stirring was continued for cu. 18 h 
and then the mixture evaporated to  dryness. The residue was extracted with ca. 90 ml CHZC12, 
the solution filtered off and evaporated slowly to  a small volume over a stream of Nz. The crys- 
talline product was filtered off, washed and dried as described above. 

trans-[PtCZ2(l)]. 1 g (1.6 mmol) 1 in 60 ml acetone, was added dropwise to a filtered solution 
of Na2[PtC14] . 4Hz0, in 20 ml ethanol. Stirring was continued for 1 h, the precipitate was filtered 
off, washed with a small amount of water, then acetone and dried. The crude product was purified 
as described for the corresponding palladium complex. 

trans-[PtBrz(l)]. 0.36 g (1 mmol) PtBrz was placed in the thimble of a Soxhlet extractor and 
0.75 g 1 in 170 ml acetone were placed in the reservoir. Extraction was carried out, in a nitrogen 
atmosphere, for 13 h. The solution, on cooling, gave the pure product which was filtered off, 
washed with acetone and dried i. V. 

trans-[Ptlz(l)]. 1 g (2.41 mmol) K2[PtC14] and 3.20 g (19.3 mmol) KI, in 20 ml water, were 
stirred for cu. 18 h. The mixture was filtered off and the solution treated with 1.55 g (1.01 mmol) 
[(+~-Bu)&lBr. The resulting oil was extracted with CHzClz and the iodo-complex re-precipitated 
by addition of petroleum ether. The solid was filtered off and dried. Yield 1.72 g. This solid was 
presumed to  be [(n-Bu)rN]z[Pt& [16]. 0.50 g (0.80 mmol) 1 in 60 ml acetone, were added to  
0.66 g (0.40 mmol) of the above iodo-complex, in 20 ml acetone. The mixture was stirred for ca. 
18 h, the solid filtered off, washed with acctone and then with ether and dried i.V. The crude 
product (0.62 g) was dissolved in cu. 75 ml of CHZClz, the solution filtered and the filtrate evaporated 
to a small volume in a slow stream of Nz. The pure product was filtered off, washed with CHzClz 
and dried i. V. 

trans-[Ni(NCS)z(PkzPCH2Ph)z]. It was prepared as described elsewhere [ll]. 

CIS- and trans-[PdCZz(PhzPCHzPh)z!. 0.5 g (1.81 mmol) PhzPCHzPh in 15 ml de-oxygenated 
acetone were added to  a stirred solution of 0.36 g (0.92 mmol) [PdCIz(PhCN)2] [15] in 10 ml de- 
oxygenated acetone. The yellow suspension which formed within 10 min was taken to dryness 
under reduced pressure and the residue recrystallized from boiling ethanol. Yield 0.60 g (88%), 
m.p. 205-210". 

C38H34C12PzPd Calc. C 62.53 H 4.69 P 8.48% MoLwt. 729.96 
Found ,, 62.41 ,, 4.68 ,, 8.31% ,, 751 

Integration of the 31P-NMR. spectrum of a CDCI3 solution of this sampie indicates that it is a 
mixture containing 62% of the trans- and 38% of the cis-isomer. 

cis-[PtCZz(PhzPCHzPh)z1. 1.0 g (3.62 mmol) PhzPCHzPh in 50 ml ethanol was added to a 
stirred solution of 1.02 g (2.25 mmol) Naz[PtC14] .4Hz0 in 25 ml ethanol. h suspension was formed 
over several hours. This was taken to dryness under reduced pressure and the residue extracted 
with CHZClz. The extract was treated with active charcoal and the product precipitated with 
ethanol, filtered off and dried i.V. Yield 0.90 g (50%). 

C3~H34Cl~PzPt Calc. C 55.75 H 4.19 C18.66 P 7.57% 
(818.62) Found ,, 55.74 ,, 4.30 ,, 8.64 ,, 7.31% 
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trans- [Pic14 Ph2  P C H ~ P J Z ) ~ ] .  0.5 g (0.61 mmol) cis- [PtClz(PhzPCHzPh) Z ]  and 0 .O 11 g (0.04 
nimol) PhzPCH2Ph, in 75 ml benzene, were refluxed for 1 11. 0.012 g (0.02 mmol) [PtzC14(CzH&] 
[17] were added and the pale yellow reaction mixture cooled to  RT. The insoluble cis-isomer was 
filtered off and treated again as above. 0.25 g cis-isomer were recovered after the second isomeriza- 
tion. The benzene solutions were united, taken to dryness under reduced pressure and gave 0.38 g 
of crude product. This was dissolved in 10 ml of benzene, a small amount of insoluble cis-complex 
was filtered off and the solvent cvaporated slowly in a stream of Nz. The precipitated yellow 
product was filtered off and dried i.V. Yield 0.16 g (64%). 

C ~ ~ H ~ & I Z P ~ P ~  Calc. C 55.75 H 4.19 C18.66 1’ 7.5774 
(818.62) Found ,, 55.48 ,, 4.47 ,, 8.41 ,, 7.36% 

Tho huthors are greatly indebted to Dr. P. S.  Pregosin for the measurement of the NMR. 
spectra and for much valuable discussion, to Dr. B. Magyar and Miss K .  Lohner for the deter- 
mination of molecular weights and to  Mr. R. Holdereggev for experimental assistance. 

REFERENCES 

IJ X. J .  De Stefano, D. K .  Johnson, 12. iM. Lane & L.. ill. Venanzi, flelv. 5.9, 2674 (1976). 
i2j K.  Issleib & G. Hohljeld, 2. anorg. allg. Chem. 312, 169 (1961). 
[3j -1. J .  Pryde, B. L. Shaw & B. Weeks ,  J.  chcm. SOC. Chetn. Commun. 1973, 947; J.  chem. 

[4] A T .  J .  DeStefano, D. K .  Johnson & L. M .  Venarizi, Angew. Chcm. 86, 133 (1974); Angew. 

[3! 1. C. Chottai,d, E. LWulliez, J .  P. Givault & D. hfansuy, J .  chem. Soc. Chem. Commun. 7974, 

[6] N. W’. i2lcock, J .  J I .  Bvown & J .  6. Jeffery, J. chem. SOC. Chem. Commun. 1974, 829. 
[7] 1. Mochida, J .  A .  Mattern & J .  C .  Bailar, J. Amer. chem. Soe. 97, 3021 (1975). 
[XI See J .  F .  Nixon & A .  Pidcock, A4n~.  Rev. NMR. Spectroscopy 2, 345 (1969) are references 

i9] C. Pecile, Inorg. Chemistry 5, 210 (1966). 

Soc. Dalton 7976, 322; B. L. Shaw, J. organomet. Cheniistry 94, 251 (1975). 

Chem., internat. Edit. 73, 133 (1974). 

780. 

quoted therein. 

[ l o ]  A .  Merle, M .  Dartiguenave & 1’. Dartiguenave, J ,  mol. Struct. El, 413 (1972). 
!11] M .  C .  Browning, J .  R. Mellov, D. J .  Morgan., S .  A .  J .  Pratt, L .  E .  Sztfton & L.  .If. Venantz, 

[12] G. Dyer, D .  C .  Goodall. R. H .  U .  Mays, H .  iZf.  Powell & L. M. T’enanzi, J .  chem. SOC. (A) 

[13] D.  D .  Pevrin, W.  F.  L. Anzarego & D. R. Pervin, ‘The Purification of 1,ahoratory Chemicals’, 

j14J G. M .  Kosolapofj & L. Maiev, ‘Organic Phosphorus Compounds’. Vol. 1, \l’iley-Interscience, 

[15] F. R. Hartley, ‘The Chemistry of Platinum and Palladium’, Applied Science Publ., London 

LlG] C. M .  Harris, S .  E. Livingstone & N.  C .  Stephenson, J. chem. Soc. 1958, 3697. 
[17] F. R. Hartley, ‘The Chemistry of Platinum and Palladium’, Applied Science Publ., London 

J. chem. Soe. 7962, 693. 

1966,1110. 

Pergamon Press, New York 1966. 

New York 1972, p. 160. 

1973, p. 462. 

1973, p. 464. 


