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The orange-red, diamagnetic crystals of [Ni(pia)2]・2H2O (piaH: pyridine-2-carboxamide)

have been subjected to X-ray crystallographic analysis. They are orthorhombic, space group 
Pm21b-C22v, with two formula units in a cell of dimensions: a=7.61, b=20.19 and c=4.46 A. 
The crystals consist of planar molecules in which Ni(II) exhibits a square planar coordination and 
the two ligands are coordinated to the central nickel atom with four nitrogen atoms in trans-
configuration. The molecules are tilted about 40° with respect to the plane (001), and are piled

up above one another along the c-axis to form columns. These columns are linked with each

other by intermolecular hydrogen bonds of N-H…O type, thus forming layers parallel to the

plane (010). The layers are piled up along the b-axis by way of two water molecules which are 
hydrogen-bonded to the oxygen atoms of the amide groups. There exist stacking faults along 
this direction.

Two nickel chelates of pyridine-2-carboxamide, 

abbreviated hereafter as piaH, were synthesized 

by Yamasaki et al.1) One is orange-red diamagnetic

crystals of the composition, Ni(pia)2・2H2O, and

the other blue crystals are paramagnetic with 
magnetic moment 3.25 B. M., having the chemi-
cal formula [Ni(H2O)2(piaH)2]Cl2. From the 
spectroscopic data and the magnetic properties the 
red one was considered to have a square-planar 
environment around the central nickel atom, while 
the blue one was supposed to be an octahedral 
complex. This latter fact was indeed verified by

X-ray crystal structure analysis and the details 

of the structure of the complex ion has been re-

vealed.2) In connection with this investigation

the crystals of Ni(pia)2.2H2O were taken up in
order to establish the configuration of the complex.

Experimental 

Crystals of bis(pyridine-2-carboxamido)nickel(II) 
dihydrate were kindly supplied from Professor K. 
Yamasaki. They are orange-red thin plates and exhibit 
marked dichroism under a polarizing microscope. 
From the Laue symmetry and the systematic absences 
(hk0 with k=2n+l), the possible space group was 
found to be one of Pm21b-C22v, P2mb-C42v and Pmmb-
D52h. 

Lattice constants were determined from the equatorial
Wcisscnberg photographs around thc a-and c一axes

taken with CuKα radiation (λ=1.5418A): a=7.61±

*1 Presented at the Annual Meeting of the Chemi-
cal Society of Japan, Yokohama, March, 1966. 

*2 Present address: Research Laboratories, 
Chugai Pharmaceutical Co., Ltd., Takadaminami-
cho, Toshima-ku, Tokyo. 

*3 Present address: The Institute of Physical and 
Chemical Research, Yamato-machi, Saitama. 

1) K. Yamasaki and M. Sekizaki, This Bulletin, 38, 
2206 (1966); Nippon Kagaku Zasshi (J. Chem. Soc. 
Japan Pure Chem. Sect.), 87, 1053 (1966).

2) A. Masuko, T. Nomura and Y. Saito, This 
Bulletin, 40, 511 (1967).
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0.01, b=20.19±0.01,c=4.46±0.02 A, The diffrac-

tion patterns of copper wirc (α=3.6073 A)3)were

superimposed on the same films for calibration.

Rough estimates of the density of the crystals showed

that a unit cell contained two formula units of Ni(pia)2・

2H2O(calculated density: 1.64 gcm-3). The specimens,

0.03×0.10×0.6 mm and 0.04×0.12×0.12mm, were

used for the collection of the intensity data around the

c-and a-axes respectively. Reflection data about the

α- and c-axes up to the sixth and the third layer

respectively were recorded on the equi-inclination

Weissenberg films using multiple-film technique with

CuKα radiation. Independent 620 (of possible 820)

reflections were observed. Intensities were estimated 
with a calibrated intensity standard. Usual Lorentz, 

polarization and spot shape corrections were applied. 
However, no absorption correction was made, since

the linear absorption coefficient of this crystal for CuKα

was only 24 cm-1 and the specimens were small enough 

to neglect this correction. The observed structure 
amplitudes were placed on the same scale by least-
squares method. 

Determination of the Crystal 

Structure 

The general positions of the space group Pm21b, 

P2mb and Pmmb are four-, four- and eitht-fold 

respectively. Since there exist only two nickel 

atoms in the unit cell, they must be located on some 

kind of special positions.

The Patterson projections P(uv) and P(vw) 
were then computed. From these projections 
approximate positions of the nickel atoms were 
found to be: 0 0 0 and 0 1/2 1/2. Moreover, the 
general features of the distribution of the Pat-
terson peaks suggested that the crystal consists 
of planar molecules with a square planar environ-
ment around the nickel atom and they are inclined
about 40° with respect to the plane (001). Since

the approximate shape and size of the ligand 

molecule are known, two scale models, each cor-

responding to the cis- and trans-configuration were 

set up. According to the symmetry of the possible 

space groups, trials were made to pack these 

molecular models so oriented as the Patterson 

maps suggest. These trials at once showed that 

the proper symmetry of the special positions of 

any of the possible space groups cannot be achieved 

by any regular static arrangement of the mole-

cules. In fact, on the Weissenberg photographs 

fairly distinct diffuse scatterings were observed, in-

dicating the existence of a stacking fault along 

the b-axis. Accordingly, disordered structures were 

considered.*4 Positions of the ligand atoms 

deduced from these trial structures were then 

tested by calculating the structure factors hk0

and 0kl and comparing them with the observed 
values. After various trials it was found that a 
disordered structure in which the molecules with 
trans-configuration are arranged according to 
the space group Pm21b was most promising. The 
atomic parameters obtained from this trial struc-
ture were first refined in projection by Fourier 
method. Positions of oxygen atoms of water of 
crystallization were found on the Fourier maps. 
The atomic parameters were refined by the diagonal 
least-squares refinement program with isotropic 
temperature factors and the R-factor for hk0 and 
0kl was reduced to 0.14. Three-dimensional 
refinements were started from R-factor 0.27 with 
the block diagonal least-squares refinement pro-
gram*5 using isotropic temperature factors, and 
after two cycles, the R-factor dropped to 0.165.. 
At this stage, the agreements between the observed 
and the calculated structure amplitudes were 
fairly good, except a few lower order reflections 
which exhibited extinction effect, so the structure 
was supposed to be essentially correct. However,. 
small ripples could not be removed from the 
difference Fourier map, and also a few absurd 
bond lengths were found. Anisotropic tempera-
ture factors were then introduced to the block 
diagonal matrix, first only for the nickel atom and 
then for all the atoms. By these refinements, 
however, the situation could not be improved 
any more. So far the y-coordinates of nitrogen 
atoms in the amide groups and the x-coordinates. 
of nitrogen in the pyridine rings were fixed at 
zero during the refinements. The strong para-
meter interaction,4) caused by the disordered 
structure appeared to make the refinement ex-
tremely difficult. 

Finally attempts were made to adjust the 
absurd bond lengths and angles with reference to 
those found in crystals of pyridine-2-carboxamide,5) 
and to refine the adjusted parameters again by 
the block diagonal approximations of least-squares 
matrix. Anisotropic temperature factors were 
applied to the nickel atom, while for other atoms 
isotropic temperature factors were used. The 
R-factor was reduced to 0.160. Because of the 
existence of stacking disorder, we thought it was 
advisable not to proceed with further refinement. 
In Table 1 are listed the final calculated structure 
factors together with the observed structure am-
plitudes. The final positional and thermal para-
meters are listed in Table 2, together with their 
standard deviations. The average standard devia-
tions of bond lengths and angles calculated on the 
basis of these parameters are 0.05 A for the bond

3) R. W. G. Wyckoff, "Crystal Structures," Vol. 
I, Interscience Publishers, Inc., New York (1960), 
table page 17. 

*4 The Weissenberg photographs indicated no 
evidence for twinning.

4) S. Geller, Acta Cryst., 14, 1026 (1961). 
*5 The program used for this calculation was 

originally written by Dr. Y. Okaya and revised by 
Dr. T. Ashida. 

5) T. Takano, Y. Sasada and M. Kakudo, Acta 
Cryst., 21, 514 (1966).
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TABLE 1. OBSERVED AND CALCULATED STRUCTURE FACTORS

* These reflections were excluded from the calculation of the R-factor, because they are unreliable 

due to extinction effect.
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TABLE 1 (continued)
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TABLE 1. (continued)

TABLE 2. FINAL ATOMIC PARAMETERS AND THEIR ESTIMATED STANDARD DEVIATIONS

All the atoms except Ni are distributed on the positions listed above with a weight of 1/2. The 
parameters which have asterisk were fixed during the least-squares refinements, because they ex-
hibited strong parameter interaction. Anisotropic temperature factors are expressed in the form:

lengths involving Ni(II),0.07 A for others and 4°

for bond angles.

Description of the Structure and 

Discussion 

Figure 1 shows a composite three-dimensional 

Fourier diagram on which two alternative orienta-

tions of the molecules are indicated by full and

dotted lines respectively. The crystal structures 

projected on the (001) and (100) planes are shown 
in Figs. 2 and 3, respectively. In Fig. 4 all the 
atoms in a complex molecule are projected on its 
best plane and the interatomic distances and 
bond angles are indicated. These were averaged 
assuming a center of symmetry at the nickel atom. 
The structure is built up of planar complex 
molecules in which Ni(II) exhibits a square 
planar coordination and two ligand molecules are
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coordinated to the central metal atom with ring 

nitrogen atoms and amide nitrogen atoms*6 in 

trans-configuration. The nickel atom lies approxi-

mately in the position to be expected for covalent

Fig. 1. Composite three dimensional Fourier dia-
gram. 
Contours are drawn at intervals of 1 e.A-3 ex-
cept for nickel atom, the lowest contour being 
3 e.A-3.

Fig. 2. Atomic arrangement projected along the 
c-axis.

Fig. 3. Atomic arrangement projected along the 
a-axis.

Fig. 4. Projection of molecules on its best plane 
with interatomic distances and bond angles.

linkages of the dsp2 square coplanar configuration,

the N-Ni-N angle being 78°. Distortion to ac-

commodate the nickel atom occurs by the bend-
ing (inplane) of the amide group with respect to 
the pyridine ring around the carbon atom C(1),
the angle N(2)-C(1)-C(6) being 105°. The Ni-N

distances of 1.93 and 1.95 A are slightly shorter 
than those found in the blue octahedral complex, 
[Ni(H2O)2(piaH)2]Cl2 (Ni-N, 2.02 A; Ni-O, 2.05 
A). This observation supports the ligand field 
theory which predicts that the stronger field pro-
duced by the ligands closer to the nickel will
cause the dγ-electrons to pair in the dz2-orbitals,

so producing a diamagnetic complex which has 

no close neighbors in the z-direction. The mole-

cule is very nearly planar, deviations of the atoms 

from the best plane being listed in Table 3. 

Although it is difficult to attain high accuracy in 

bond lengths and angles in such a disordered 

TABLE 3. EQUATION FOR THE BEST PLANE AND THE 

DEVIATIONS OF THE ATOMS FROM IT

*6 This fact was indeed verified by infrared study 

of 15N substituted complexes, M. Sekizaki and K. 
Yamasaki, Presented at the Symposium on Coordina-
tion Chemistry, Tokyo, December, 1966.
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structure, it is certain that coordination does not 

affect the bond distances and angles of the ligand 

molecule very much. 

The molecules are tilted at an angle of about

40° with respect to the plane (001) and are piled

up above one another along the c-axis to form 
columns. The perpendicular distance between 
the layers are 3.40A, and two nickel atoms are 
situated at a distance of 4.46 A. Successive com-
plexes are stacked at such an inclination that each 
center of the aromatic ring of the complex lies 
approximately at one of the elongated octahedron 
about the nickel of an adjacent complex. In the 
orthorhombic crystal of bis(dimethylglyoximo)-
nickel(II) the molecular planes are parallel to 
the plane (001) and piled up perfectly above one 
another in the c-axis direction. In this case the 
distance between the nickel atom is 3.245 A6)
and the direct Ni…Ni interaction were observed.7)

Such an interaction may not exist in this crystal.

The molecular columns are linked with each

other by intermolecular hydrogen bonds of N-H

…O type, thus forming layers parallel to the plane

(010). The hydrogen bonding occurs between 
the oxygen and the nitrogen atoms of the adjacent 
molecules. This hydrogen bond distance of 
3.04 A may be compared with the value of 2.96 A 
found in crystals of pyridine-2-carboxamide.5) 

Between the molecular layers are located mole-
cules of water of crystallization. The distances 
between the oxygen atoms of the water molecules, 
2.63-2.90A, and those between the oxygen atom 
of the water and the amide oxygen atom, 2.77 A, 
suggest the existence of hydrogen bonds. The 
molecular layers parallel to the plane (010) are 
thus held together by these hydrogen bonds, 
completing the whole structure. There exists a 
stacking fault between the layers, namely there 
are two alternative orientations of the molecules

in the layer. These two possibilities can be stated 
as follows: if one molecular layer is given, the 
adjacent layer is generated by the operation of 
twofold screw axis parallel to the b-axis or of a 
glide plane b. The oxygen atoms of the water of 
crystallization are distributed on two sets of fourfold 
general positions with a weight of 1/2. In Figs. 2 
and 3, only one of the two possible orientations of 
the molecules and the possible location of water 
molecules are illustrated, where the layers are 
related by twofold screw axis. The two alternative 
orientations occur with equal probability, thus 
the proper positional symmetry, m, of the special 
positions of nickel atoms are attained. A small 
correlation between the probabilities for each 
layer may cause weak diffuse scattering along the 
b*-axis. 

In the blue complex, [Ni(H2O)2(piaH)2]Cl2, 
the pyridine-2-carboxamide is coordinated to the 
nickel atom with amide oxygen atom and ring 
nitrogen atom, while in the present case they are 
coordinated with amide nitrogen atom and ring 
nitrogen atom. This ligand molecule thus exhibits, 
in different compounds, different modes of chela-
tion, like biuret.8) The present chelating agent 
adds another example of this class of compounds. 

The authors express their thanks to Professor 
K. Yamasaki and Mr. M. Sekizaki for kind supply 
of the specimens and valuable discussions. They 
are also indebted to Professor M. Kakudo for 
providing us the crystallographic data of pyridine-
2-carboxamide prior to publication. 
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5020 computer at the Computer Center of this 
University. 
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6) L. E. Godycki and R. E. Rundle, ibid., 6, 487 
(1953). 7) S

. Yamada and R. Tsuchida, This Bulletin, 
27, 156 (1954).

8) H. C. Freeman, J. Smith and J. Taylor, Nature, 
184, 707 (1959) ; Acta Cryst., 14 407 (1960) ; H. C. 
Freeman and J. Smith, ibid., 20, 153 (1966).


