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The crystal and molecular structure of pentakis-2,8,9- 
trioxa-1-phosphaadamantane-nickel(II) perchlorate, Ni- 
(P(OC~H&)s(ClO&, has been determined from three- 
dimensional X-ray data collected by counter tech- 
niques. Due to disorder in one of the perchlorate 
groups and the large number of parameters involved, 
only isotropic refinement was carried out, to a final 
R factor_of 0.15. The material crystallized in space 
group Pl with lattice parameters a = 11.53(5), b = 
18.92( 7), c = 12.61(5) iI, a = 96.4(5), P= 
103.4(6), and y = 96.9(5)“. There are two mole- 
cules per unit cell and the calculated density is 1.67 
g/cc. The inner coordination about the nickel atom 
is approximately trigonal bipyramidal. The average 
axial bond distance is somewhat shorter than the 
equitorial distance, 2.14(l) vs. 2.19(l) A. 

Introduction 

Recently the synthesis of a yellow diamagnetic 
complex Ni(P(OCH&)s(ClO& was reported,’ and it 
was indicated on the basis of similar magnetic, spec- 
tral and conductivity properties that the complex 
containing the adamantane-like phosphite Ni(P(OCH)r 
(CH2)&(ClO& * (hereafter referred to as NiP5(C104)2) 
was probably also five-coordinate. We decided to 
carry out a single crystal X-ray investigation to firmly 
establish the coordination number of the nickel in 
this compound and to ascertain whether the cationic 
configuration was trigonal bipyramidal or tetragonal 
pyramidal in the event the nickel was five-coordinate. 
The number of such five-coordinate transition metal 
complexes containing monodentate ligands has multi- 
plied rapidly in the past few years?-’ but it is still 
difficult to predict which of the two idealized geo- 
metries will be utilized in a given complex. The 
recent study on Ni(CN)? illustrates that idealized 
geometries are not always utilized;6 this anion exists 
in both trigonal bipyramidal and tetragonal pyrami- 
dal forms albeit distorted. It should also be noted 
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that CN- and P(OR)3 have been shown to have very 
similar ligand field properties.’ 

Experimental Section 

A sample of the compound was kindly supplied 
by J. G. Verkade. A number of solvents were tried 
in an attempt to obtain good single crystals for an 
X-ray analysis and finally a benzene-nitrobenzene 
mixture yielded untwinned yellow parallelipiped cry- 
stals. The crystals were mounted in glass capillaries 
to prevent decomposition in the atmosphere, and 
‘Weissenberg and precession photographs were taken. 
All photographs showed an absence of mirroring im- 

plying a triclinic space group. This space group 
was assumed to be Pi on the basis of an analysis 
of the Patterson map and from the results of a sta- 
tistical analysis, and later confirmed by successful 
refinement in this space group. There are two mol- 
ecules per unit cell giving a calculated density of 
1.67 g/cc, in good agreement with the observed den- 
sity of 1.65 g/cc which was determined by flotation 
techniques . The conventional reduced cell9 lattice 
parameters are 

a = 11.53+0.05 A c( = 96.4kO.5” 

b = c3.92*0.07 f-j = 103.4zkO.6 

c = 12.61kO.05 y = 96.9kO.5 

These parameters and their standard deviations were 
obtained from repeated film measurements. 

For data collection, a crystal having the approxi- 
mate dimensions 0.74 x0.5 x0.5 mm was selected 
and mounted on a General Electric single crystal 
orienter unit. Complete three-dimensional data were 
collected within a 28 sphere of 50” in two octants 
and within 40” in the other two octants using MO Ka 
radiation. Because of appreciable decomposition ef- 
fects, data were collected using a 40-set stationary 
crystal-stationary counter counting technique. A tab- 
ulation of background intensity vs. 28 was made 
after the independence of the background on chi and 
phi was established. 

The decomposition of the crystal in the X-ray beam 
was followed by measuring the peak height intensi- 
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Table I. Observed and Calculated Structure Factors (Columns are h, k, F. and FJ. 
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ties of four standard reflections. Decomposition, small absorption coefficient, p = 11.62 cm-‘, and 
even with the use of peak height methods, amounted especially the small difference between the maximum 
to 30% over the data collection period. The inten- and minimum transmission factors, no correction for 
sity data were also corrected for Lorentz-polariza- 
tion effects and for streak effects.” Because of the 

(IO) D. E. Williams and R. E. Rundle, \. Am. Chem. Sot., 86, 
1660 (1954). 
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Table III. Selected Distances (A) and Angles (O) 

Atoms Distances 

Ni-P, 
Ni-P, 
(Av. Ni-P,) 
Ni-P, 
Ni-P, 
Ni-P, 
(Av. Ni-P.,) 
PI-O,, 
PI-On 
PI-01, 
Pz-on 
PrOn 
Pro,, 
pro,, 
PPI-On 
P3-Oxa 
PC041 
P,-04, 
PrOa 
Ps-03, 
Ps-052 
Ps-053 
(Av. P-O) 

ES::: 
01,-G,, 
On-C,, 
Ozz-Cm 

z:::: 

&:: 
04,441, 

::;z::: 
057Cs,r 
OsrCs*, 
Os+& 
(Av. O-C) 
Cl,-0, 
Cl*-02 
cl,-oS 
Cl,---04 
CL--OS 
Clr-oa 
CL-O, 
(Av. Cl-O) 
PI-P, 
PrP, 
PI-P5 
P*-P3 
Pi-PI 
PTPs 
P3-P* 
PI--P5 
Pa-P5 
C**I-CL02 
CW-G.3 
c c ,*s- Icd 
cW--co5 
CW-CM 
CW-CII, 
G1-C, 
&-Cm 
CurGM 
cW-ens 
CS-C*w 
CWGI 
C3II-C302 
CW-C,, 
cU,-cwu 
GKI-Ca5 
GrC.W 
CW-CM 
CK-Go* 

2.14(l) 
2.15( 1) 
2.144( 15) 
2.16( 1) 
2.21(l) 
2.20( 1) 
2.190(10) 
1.54(2) 
1.52(2) 
1.63(3) 
1.52(3) 
1.61(3) 
1.55(3) 
1.55(2) 
1.66(3) 
1.61(2) 
1.59(3) 
1.54(3) 
1.61(3) 
1.57(3) 
1.59(3) 
1.61(3) 
1.58(2) 
1.50(4) 
1.42(4) 
1.45(4) 
1.60(4) 
1.44(4) 
1.56(4) 
1.49(4) 
1.48(4) 
1.46(4) 
1.49(5) 
1.54(4) 
1.48(5) 
1.44(5) 
1.49(4) 
1.48(4) 
1.49(3) 
1.39(3) 
1.46(3) 
1.47(3) 
1.45(3) 
1.44(4) 
1.38(6) 
1.30(5) 
1.41(3) 
3.08(2) 
3.05(2) 
3.05(2) 
3.05(2) 
3.05(2) 
3.11(2) 
3.77(2) 
3.73(2) 
3.87(2) 
1.51(5) 
1.63(5) 
1.53(5) 
1.54(5) 
1.46(6) 
1.67(7) 
1.66(7) 
1.48(6) 
1.59(5) 
1.45(5) 
1.79(7) 
1.41(7) 
1.44(5) 
1.59(5) 
1.55(5) 
1.48(6) 
1.70(6) 
1.51(5) 
1.53(6) 

Table Ill. (Continued) 

Atoms Distances 

cm-c*,3 
cn-cw 
Gc4-cm 

:5: 
csrcso~ 
csorcs*, 
cm-cxd 
c,-Gs 
CL-Cl@5 
cw-CA 
(Av. C-C) 

Atoms Angle 

PI-Ni-P, 
P,-Ni-P, 
PI-Ni-P5 
P,-Ni-P, 
PI-Ni-P, 
PI-Ni-P, 
P,-Ni-Pd 
P,-Ni-Ps 
P,-Ni-P5 
Ni-P-O (Av.) 
P-O-C (Av.) 
O-P-O (Av.) 
C-C-C (Av.) 
O-Cl-O (Av.) 

91.5(6) 
89.3(6) 
89.2(6) 
90.1(6) 
88.7(7) 
91.3(7) 

119.3(6) 
117.5(6) 
123.2(5) 

115(l) 
116(2) 
104(l) 
112(4) 
ill(3) 

I .56(6) 
1.74(7) 
1.44(7) 
1.41(6) 
I .72(6) 
1.65(5) 
1.38(5) 
1.60(5) 
1.70(6) 
1.47(5) 
1.49(5) 
1.56(4) 

to be normal. A stereoscopic view19 of the molecular 
structure is given in Figure 2. 

Figure 1. A drawing showing the inner coordination sphere 
of Ni[P(OCH),(CH2),]5’+ with selected distances and angles. 
All P,.-Ni-P., angles are 9022”. 

The conformation of the Nips cation is found to 
be trigonal bipiramidal with approximate &t, sym- 
metry. All the angles are within a few degrees of 
the values expected for the trigonal bipiramidal con- 
figuration. This constitutes the first structural ex- 
ample of a ds complex containing five unidentate 
phosphorus ligands. It is of singular interest that 
there is a compression of the Ni-P bond distance 
along three-fold direction. The average nickel-phos- 
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phorus axial bond distances 2.14 f 0.01 A while the 
average nickel-phosphorus equitorial bond distance 
is 2.19f0.01 A. Because of the reasonably large 
standard deviations, this difference might be consi- 
dered only marginally significant. However, simi- 
lar axial contractions have been found in other stu- 
dies, particularly in the trigonal bipyramid Ni(CN)?- 
ion6 and CuCh3- ion” The contraction of the axial 
bond length relative to the equitorial was especially 
evident in this last case and for a trigonal-bipyrami- 
da1 low spin d8 or d9 complex was explained readily 
in terms of an electron pair repulsion model. A 
similar result can be obtained using a molecular 
orbital model. 

Figure 2. Stereoscopic view of Ni[ P(OCH),(CHJ,]52+. 

The equitorial Ni-P bond lengths are well within 
the range of values reported for similar bonds in 

(18) 
Fortran 
(1964). 

W. R. Busing. K. 0. Martin, and 
Crystallographic Function and 

A. A. Levy, * ORFFE, A 
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(lb) C. K. lohnson, ( ORTEP, A Fortran Thermal-Ellipsoid Plot 
Program for Crystal Structure Illustrations ., ORNL-3794, Revised (1965). 

(20) K. N. Raymond, D. W. Meek, and J. A. Ibers, Inorg. Chem., 
7, 1111 (1968). 

other compounds, such as 2.18 A in Ni(HP(C6H&)312?1 
2.22 A in Ni(P(C2H&)3(C=CCsH&,U 2.21 A in Ni- 
(TAP)CNClOa (TAP = P(CH~CHZCHZAS(CH&)~P 
and 2.19 and 2.21 A in Ni(CN)~(P(cSH~)(OC~H,)2)3?4 
The average P-O and O-C distances in the ligands 
are 1.58 and 1.49 A, respectively. These distances 
are close to those tabulated by Corbridge in a recent 
review,= in which the average P-O and O-C bond 
lengths for similar ligands are given at 1.59kO.05 
1.44kO.04 A. Other average distances and angles 
given in Table III also agree well with values pre- 
viously reported. Because of the size of the cation, 
some disorder in the perchlorate groups would not 
be unexpected, particularly since perchlorates have a 
tendency to disorder. 

In our attempts to obtain crystals, we found that 
the crystals obtained from other solvents, although 
of poor quality, apeared to crystallize in one of sev- 
eral other space groups. There are several possi- 
ble explanations for this. These crystals may con- 
tain molecules of solvent in the unit cell, or the sol- 
vent molecule may act as a ligand to form an octa- 
hedral complex, or an exchange may have taken place 
between a molecule of solvent and the ligand. Be- 
cause of the poor quality of these crystals, no detail- 
ed crystallographic work could be done on these 
species. 
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