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TABLE I11 

OF Sm(II1) 
STABILITY CONSTANTS FOR AMINOCARBOXYLIC ACID COMPLEXES 

log Ki/ 
No." of no. of 

Ligand log K I  Rings rings 

a-Picolinate 3 .85  1 3.85 
Iminodiacetateb 6.64 2 3.32 

hTitrilotriacetatec 11.53 3 3.84 
N-Hydroxyethylene- 15.28 4 3.82 

Dipicolinatel 6 .94 2 3.47 

diaminetriacetatec 

tetraacetate" 

hexanetetra- 
acetatec 

Ethylenediamine- 17.14 5 3.43 

1,2-Diaminecyclo- 18.63 5 3.73 

a Assuming nitrogen is involved in the chelation. b L. C. 
Thompson, Inorg. Chem., 1, 490 (1962). T. Moeller, "The 
Chemistry of the Lanthanides," Reinhold Publishing Corp., 
Kew York, N. Y., 1963, p. 57. 

as a donor atom in chelation to calculate the log Kl(no. 
of rings), we have listed stability constant data for a 
number of aminocarboxylic acids systems in Table 
111. Again, the similar values of log K/(no. of rings) 
would seem to support the model involving nitrogen in 
the chelation of these complexes. It should be noted 
that the log K values in Table 111 were, however, not 
all obtained a t  the same ionic ~ t r e n g t h . ~  

The a-picolinate anion is approximately a hundred- 
fold more basic than the IS-oxide anion as indicated by 
their acid dissociation constants. This would lead us 
to expect that chelates of the former will be considerably 
more stable. In addition, the fact that the a-picolinate 
anion forms a five-membered ring compared to the six- 
membered ring with the N-oxide anion also predicts 
greater stability for the a-picolinate complexes.' Al- 
though we cannot predict quantitatively the differences 
to be expected in the stability constants for the com- 
plexes of the two ligands based on such differences in 
basicity and ring size, i t  seems probable that they would 
be larger than the observed differences. As a result, 
we might conclude that when all other factors are 
similar, chelation involving two oxygen atoms is more 
favored than chelation involving an oxygen and a nitro- 
gen atom. On the other hand, comparison of the sta- 
bility constants reported by Grenthe and Tobiassonlo 
for diglycolate complexes (e.g., log K ,  (Sm) = 3.54) 
and by ThompsonlO for iminodiacetate complexes (e.g., 
log K1 (Sm) = 6.64) indicates that just the opposite is 
true. The apparent conflict between these sets of data 
perhaps reflects the differences in the donor properties 
of an oxygen atom involved in an ether linkage and one 
involved in the N-oxide structure. 
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(9) Subsequent to the original submission of this note, L. C. Thompson 
has reported the stability constants of the lanthanide ar-picolinate com- 
plexes a t  an ionic strength of 0.1 A4 [lnorg.  Chem., 3, 1319 (1964) I .  For Sm, 
log Ki = 4.06. 

(10) I. Grenthe and I. Tobiasson, Acta Chem. Scand., 17, 2101 (1963). 
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Several compounds of the type Ni(PYy)4 have been 
prepared in recent years by the reaction of nickel tetra- 
~arbonyl l -~  or other Ni(PY3)4 compounds1$2 with tri- 
valent phosphorus compounds. Their preparation by 
the direct reaction of nickel with trivalent phosphorus 
compounds has been reported in two  instance^,^^^ 
and both of these under rather vigorous conditions. 

We wish to report a facile synthesis of compounds of 
the type Ni(PY8)A which circumvents the use of the 
highly toxic nickel carbonyl and allows isolation of the 
tetrakis complexes in high purity and yield. 

The reaction has been effected by several techniques, 
the best of which involves heating a mixture of a trialkyl 
or triaryl phosphite with nickelocene (CloHloNi) or 
dimethylnickelocene (CI2H14Ni) in the absence or in the 
presence of a solvent. A temperature of 80" has been 
found satisfactory. Under these conditions the reac- 
tion proceeds rapidly and the resultant tetrakis com- 
plex can be readily isolated by precipitation with a 
polar solvent. The conversion of nickelocene or di- 
methylnickelocene is quantitative and the yields of 
tetrakis complex are high. Substitution of dimethyl- 
nickelocene for nickelocene results in a high yield of 
tetrakis complex. Dimethylnickelocene in soluble in 
the reaction media, whereas nickelocene is somewhat 
insoluble. 

Experimental6 
ill1 complexes were formed by direct reaction of nickelocene or 

dimethylnickelocene and the pure ligand. The preparation 
could also be effected using a solvent, such as benzene, cyclo- 
hexane, ethylcyclohexane, cyclohexene, or other hydrocarbons. 
The complexes were precipitated by the addition of a polar 
solvent, such as methanol or acetone, washed with the precipitat- 
ing solvent, and air dried. The complexes prepared by this 
technique are listed below. 

Tetrakis[triphenyl phosphite]nickel(O), white powder, m.p. 
146-148'; 96y0 yield. Anal. Calcd. for CizHsoOlzPah'i: C, 
66.53; H,  4.66; Xi, 4.52. Found: C, 66.59; H, 4.77; S i ,  
4.66. 

Tetrakis [tri( 2-chloroethyl) phosphite] nickel(O), white crystals, 
m.p. 138-140'; 98% yield. Anal. Calcd. for CLXH~~OIZC~IZP~- 
S i :  C, 25.36; H, 4.26; C1, 37.43. Found: C, 26.27; H, 
4.29; C1, 37.18. 

Tetrakis[tri(p-methoxyphenyl) phosphite]nickel(O), yellow 
powder, m.p. 98-100°; 3370 yield. Anal. Calcd. for C64H84- 
024P4Ni: Ni, 3.54. Found: Xi, 3.30. 

(1) J. W. Irvine, Jr., and G. Wilkinson, Science, 118, 742 (1961). 
(2) G. Wilkinson, J .  A m .  Chem. Soc., 78, 5501 (1951). 
(3) G. Wilkinson, 2. Natzcrforsch., 9b, 446 (1954). 
(4) L. D. Quin., J .  Am. Chem. Soc., 79, 3681 (1957). 
( 5 )  J. Chatt and F. A. Hart, J .  Chem. Soc., 1378 (1960). 
(6) Microanalysis for carbon and hydrogen by Galbraith hlicroanalytical 

Laboratories; nickel analysis by Columbian Carbon Analytical Division. 
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Tetrakis [tri(2-ethoxyhexyl) phosphite] nickel( 0), white powder, 
m.p. 112-115’; 35y0 yield. Anal. Calcd. for CgaHZ040~4P4Ni: 
Ni, 3.06. Found: Ni, 3.18. 

Tetrakis[trip(-tolyl) phosphite]nickel(O), white powder, m.p. 
98-100’; 23% yield. Anal. Calcd. for Cs4HeaOl~P~Ni: Ni, 
4.00. Found: Ni, 4.18. 

Tetrakis [tri( 2-ethylhexyl) phosphite] nickel( 0), white powder, 
m.p. 112-115”; 48% yield. Anal. Calcd. for CsaHno401tP4Ni: 
Ni, 3.4. Found: Ni, 3.3. 
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We report here the results of some investigations on 
the photolytic chemistry of aqueous KdMo(CN)s which 
seem to clarify some aspects of the rather complex be- 
havior that is encountered. Earlier work in this labora- 
tory2 showed that exchange with C14N-, negligible in 
the dark, was strongly photocatalyzed. The quantum 
yield for the exchange was a t  least unitye3 A later 
study4 showed that irradiation produced free cyanide 
ion with a quantum yield a t  370 mp also of about 
unity. Low intensity irradiation eventually converted 
the yellow initial solution to one of a blue product, B, 
while tenfold higher intensities, of the order of 6 X 
einstein/min. cm.2, produced a transient red species, R. 
Subsequently Jakob and co-workers5 have published a 
suggestion that R is the decacoordinated species Mo- 
(CN)S(H~O)~-~ .  While our own studies were incom- 
plete, they were extensive, and suggest a quite dif- 
ferent formulation. 

The preparation of KdMo(CN)s was as previously 
described.2 The equipment and procedures for the 
photochemical work were also essentially the same as 
reported earlierS4 The spectral changes that occur on 
irradiation of aqueous MO(CN)~-* ion using low light 
intensities are shown in Figure 1. Gaussian analysiss 
of the absorption spectrum of these solutions shows 

(1) This report is based on portions of the junior author’s Ph.D. disserta- 

(2) A. W. Adamson, J. P. Welker, and M. Volpe, J .  A m .  Chem. Soc., 7 2 ,  

(3) J. P. Welker, Ph.D. Dissertation, University of Southern Caltfornia, 

(4) A. W. Adamson and A. H. Sporer, J .  Am. Chem. Soc., 80, 3885 (1958). 
(5 )  W. Jakob, A. Sametus, and 2. Stasicka, Proceedings, 7th Interna- 

tional Conference on Coordination Chemistry, Stockholm, June 1982; W. 
Jakob and 2. Jakob, Roczniki Chem., 86 ,  593 (1982). 
(8) J. R. Perumareddi, A. D. Liehr, and A. W. Adamson, J .  Am. Chem. 

Soc., 85, 249 (1983). 
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Figure 1.-Optical density for 1-cm. light path; solutions allowed 

to stand until red form had disappeared. 

peaks a t  510, 431, 368, 308, 267, and 240 mp, of which 
the first two appear in Figure 1, and tentative assign- 
ments of these transitions have been made. Note that 
we find the third band a t  368 mp rather than a t  376 mp 
as reported by Jakob, et aL5 The absorption spectrum 
of the blue product shows, in addition to the weak 
band a t  615 mp displayed in Figure 1, shoulders a t  305 
and 270 mp, and a very high intensity peak a t  223 mp. 

The terminal blue product, B, was isolated by frac- 
tional precipitation with ethanol and analyzed. Anal. 
Calcd. for K3Mo(CN)4(0H)3(H20)7: C, 12.4; H, 1.3; 
K,  30.3; Mo, 24.8; N, 14.5, 0, 16.6. Found: C, 11.5; 
H, 0.9; K, 29.4; Mo, 26.2; N, 14.7; 0 (by difference), 
17.3. We thus disagree with Jakob, et ~ l . , ~  who pro- 
posed KzMo(CN)d(OH)2. Not only are the analyses 
different (their formulation gives C, 15.4; H, 0.64; 
K, 25.0; Mo, 30.8; N, 17.9), but their species would pre- 
sumably be octahedral in geometry and for a d2  sys- 
tem, paramagnetism should be observed. We found B 
to be diamagnetic. Also, the intensity of the 610 mp 
band (E 35 1. mole-2 cm.-l) indicates a spin-allowed 
transition, yet for an octahedral complex the first spin- 
allowed process should occur a t  a much higher energy. 
An illustration would be the case of trivalent vanadium.6 
We are agreed, however, that the terminal blue product 
has four cyanides per molybdenum; i t  is possible that 
conditions of isolation and drying, if sufficiently ex- 
treme, could lead to loss of KOH and water. 

The quantum yield for production of B was deter- 
mined as follows, for light of 363 mp ( + 5  mp window 
width of the interference filter). At this wave length 
B absorbs negligibly, but since the solution was op- 
tically dense with respect to  MO(CN)~-~ ,  it was neces- 
sary to allow for the varying degree of absorption of 
incident light during the course of the photolysis. If 
the absorption coefficient, a,  be defined as I/Io = 

exp( -aC), then, for a first-order photolysis reaction 

a(Co - C) - In [: I :I$] = (cpIoa/V)t = k’t (1) 

where cp is the quantum yield, V,  the volume of solution, 
(7) N. V. Sidgwick, “Chemical Elements and Their Compounds,” Vol. 

11, Oxford Press, 1950, p. 1056. 


