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The crystal structure of trans-diaquo-bis(pyridine-2-carboxamide)nickel(II) chloride, [Ni-
(H2O)2(piaH)2]Cl2, was determined by X-ray diffraction and refined by three-dimensional least-
squares method. The crystals are monoclinic with space group P21/a, a=13.567, b=10.067,

c=6.355A and β=113.73° There are two formula units in the unit cell . The structure is

built up of centrosymmetric complex ions and chloride ions. Two ligand molecules are co-
ordinated to the nickel atom in trans position with amide oxygen atoms and ring nitrogen atoms. 
(Ni-N, 2.02 A, Ni-O, 2.05 A). The ligand molecules are nearly planar and they are approxi-
mately in one plane with the nickel atom. Two water molecules are coordinated at a distance 
of 2.14A and complete the octahedral arrangement around the nickel atom.

Metal chelates of pyridine-2-carboxamide, 

picolinic acid amide, have scarcely been studied. 
Recently copper and nickel chelates were syn-
thesized and their physical properties were stud-
ied.1) In the following, the ligand, pyridine-2-
carboxamide, C5H4NCONH2 is abbreviated as 
piaH. The nickel(II) chelates prepared were a. 
Ni(pia)2.2H2O and b. Ni(piaH)2Cl2.2H2O. Sub-
stance a is fine orange-red crystals and diamagnetic, 
while b is blue needles and paramagnetic with the 
magnetic moment 3.25 B. M. From the measure-
ments of absorption spectra and magnetic moments, 
it has almost been established that the coordina-
tion around the nickel atom in substance a is 
square planar and that in b is octahedral. Pyri-
dine-2-carboxamide may be coordinated as bi-
dentate ligands in two ways, namely by means of two 
nitrogen atoms (I) or one nitrogen and one oxygen 
atom (II), since the rotation around the C-N bond 
is possible. To decide between these two possibili-
ties and to establish the conformation of the chelate 
ring, the crystals were subjected to X-ray crystal 
analysis. In this paper the crystal structure of the 
substance b will be reported.

(I) (II)

The crystals, kindly supplied by Professor K. Yamasaki

were blue, needle Iike and elongated along the c-axis.

The unit cell dimensions were determined from

highcr-order reflections of Weissenberg photographs

(CuKα1, λ=1.5405 A).

The systematic absences were: 0k0 for k odd and 

hOl for h odd. Hence the space group was unequiv-

ocally determined. The crystal data are listed in 

Table 1. 

TABLE 1. CRYSTAL DATA

*1 Presented at the 19th Annual Meeting of the 
Chemical Society of Japan, Yokohama, March, 1966. 

*2 Present address: Central Technical Research 
Laboratory, Nippon Oil Co., Ltd., Aza Yako, Daishi 
Gawara, Kawasaki. 

1) K. Yamasaki and M. Sekizaki, This Bulletin, 
38, 2206 (1965,); Nippon Kagaku Zasshi (J. Chem. Soc. 
Japan, Pure Chem. Sect.), 78, 1053 (1966). 

2) Y. Nawata, H. Iwasaki and Y. Saito, This 
Bulletin, 40, 515 (1967).

Three dimensional Weissenberg data were recorded

about the b-and c-axes up to the eighth and the fifth

layer respectively, with CuKα radiation. The intensi-

ties were estimated visually and were corrected for 

Lorentz, polarization and spot shape effects. The data 
were placed on a single scale by use of 2094 reflections 
which were measured about the b- and c-axes. A 

total of 1600 independent reflections were collected.
The crystals used had a cross section of about 0.02 ×

0.03cm. The absorption correction was not made.
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Structure Determination and 
Refinement 

The structure was initially solved in the pro-
jections along the b- and c-axes. Since two formula 
units of Ni(piaH)2Cl2.2H2O are contained in the 
unit cell, the nickel atom has to lie on a center of 
symmetry. Thus the complex ion is required to 
be centrosymmetric and the two ligand molecules 
must be coordinated to the nickel atom in trans 
positions with respect to each other. The chlorine 
position was easily found by the Patterson projec-
tions along the b- and c-axes. 

First electron-density projections along the b-
and c-axes, which were synthesized using phases 
determined by the nickel and chlorine atoms showed 
the heavy nickel and chlorine atoms quite clearly 
resolved, together with fairly distinct outlines of 
lighter atoms in the unit cell. Six peaks around 
the nickel seemed to be of ligand atoms. It was 
thus expected that the nickel atom has coordina-
tion number six and an octahedral environment.

This is consistent with the magnetic property of the 

crystal. All the atoms in the structure were im-

mediately located, since the approximate shape 

and size of the ligand molecules were known.3) 

Two cycles of the structure-factor calculations and 

Fourier summations gave an approximate structure 

accurate enough to start three-dimensional refine-

ment. The reliability factors .

were 0.18 and 0.22 for h0l's and hk0's

respectively. 

The atomic scattering factors used for the cal-

culations in the two-dimensional analysis were 

those of Forsyth and Wells.4) 

At this stage of the refinement, however, it was 

not possible to distinguish between oxygen atoms 

and nitrogen atoms of the amide groups and the 

same atomic scattering factor as oxygen's was ini-

tially applied to those atoms in the two-dimensional 

analysis. Then the structure factors of all hkl 

reflections were calculated on the basis of the atomic 

coordinates deduced from the two-dimensional 

analysis. In this case all structure factors were 

calculated for both of the form I and II.

TABLE 2. ATOMIC PARAMETERS AND THEIR e. s. d.'s 

Positional parameters are expressed as fractions of the lattice parameters.

Thermal parameters are in the form exp

3) T. Takano, Y. Sasada and M. Kakudo, Acta 
Cryst., 21, 514 (1966).

4) J. B. Forsyth and M. Wells, ibid., 12, 412(1959).
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After one cycle of full-matrix least-squares*3 
refinement with isotropic thermal parameters, 
R values reduced to 0.125 and 0.116 for the form 
I and II, respectively. At this stage, it was found 
by the calculation of the bond distances and angles 
that the amide oxygen atom was bonded to the 
nickel atom. The distance between the carbon 
atom and the atom which was coordinated to 
nickel was found to be 1.24 A and the other atom 
attached to the carbon was 1.31 A apart. These 
correspond to C=O double bond and C-N single 
bond found in the related molecules, respectively. 
One cycle of full-matrix least-squares refinement 
with anisotropic thermal parameters was carried 
out for the form II, only. The greatest change in 
the coordinates was about a half of the e. s. d. 
The R was 0.100 for all the observed reflections.*4 
The atomic scattering factors used for the calcula-
tions were taken from International Tables for X-
ray Crystallography (1962). The calculations of 
the structure factors and electron densities were 
carried out on the PC-2 computer at this Institute 
and on the CDC 3600 computer at C. Ito Elec-
tronic Computing Service Co., Ltd. 

The atomic parameters are listed in Table 2. 
The bond distances and angles are shown in 

Table 3, together with their standard deviations. 
A composite electron-density diagram made from 

the sections of the three-dimensional Fourier 
synthesis is shown in Fig. 1.

Fig. 1. Composite three dimensional Fourier dia-

gram. Contours are drawn at intervals of 
1 e.A-3 with the lowest contour at 1 e.A-s; 
those for the nickel and the chlorine atom are 

not drawn. 

Description of the Structure 

and Discussion

The atomic arrangement in the crystal is shown 
in projection along the c-axis in Fig. 2. The struc-
ture is essentially ionic and built up of the posi-

tively charged [Ni(H2O)2(C5H4NCONH2)2]2+ ions 
and Cl- ions. It is therefore proposed that the 
chemical formula should be written as: [Ni(H2O)2-

(C5H4NCONH2)2]Cl2. The complex ion is centro-
symmetric because of the requirement of the 
space group. The nickel atom has an octahedral 

TABLE 3. INTERATOMIC DISTANCES AND ANGLES 
Standard deviations are given in parentheses

When the coordinates are not indicated the atom 

is at x y z. The atom with a prime is located at 
-x -y -z.

*3 CDC 3600 UNICS' ORFLS, originally pro-

grammed by W. R. Busing, K. O. Martin and H. A. 
Levy, modified by T. Sakurai and K. Okada.

*4 A complete list of the observed and calculated 
structure factors has been submitted to and is kept as 
Document No. 6703 at the office of the Bulletin of 
the Chemical Society of Japan, 1-5, Kanda-Surugadai, 
Chiyoda-ku, Tokyo. A copy may be available on re-
quest.
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Fig. 2. Projection of the structure along the t-
axis. 

environment. This fact combined with the ob-
served magnetic moment indicates that the bond 
orbitals are sp3d2. Two ligand molecules are co-
ordinated to the nickel atom with amide oxygen 
atoms and ring nitrogen atoms in trans positions. 
The Ni-N and Ni-O distances are 2.022A and 
2.045 A respectively, in agreement with those found 
in the related compounds. The ligand molecules 
are nearly planar and they are approximately in 
one plane with the nickel atom and on a line through 
the nickel atom and perpendicular to this plane 
are coordinated two water molecules at a distance 
of 2.14 A. 

Figure 3 shows the dimensions of the pyridine-2-
carboxamide molecule found in the complex ion, 
together with those found in its crystalline state.3) 
It can be easily seen from the figure that coordina-
tion does not seem to have any significant effect 
upon the linear and angular shape of the pyridine 
ring. The C-N and C-C distances in the ring 
are, on the average, 1.34 A and 1.38 A respectively. 
The distance C(7)-N(8) is shorter in the ligand than 
in the molecule in its crystalline state. Distortion 
to accommodate complex formation occurs by the 
inplane bending of the amide group with respect 
to the pyridine ring around the carbon atom C(2),

TABLE 4. BEST PLANE

The equations of these planes (A) and (B) are: 
(A) 2.7388X - Y - 2.3067Z = -0.93670 
(B) 2.2039X - Y - 1.7317Z = -4.2222
where X=xsinβ, Y=y and Z=z+xcosβ.

x, y and z are the fractional coordinates refer-

red to the crystal axes. 
* Only the atoms marked are included in the 

calculation of each plane.

the angle N(1)C(2)C(7)being 112°.

The displacements of the atoms from the best 
planes through the chelate ring and through the 
pyridine ring are listed in Table 4. In this table, 
those deviations which are not larger than 0.018A 
are not significant. In the case of the molecule in 
its crystalline state, pyridine ring and the atom C(7) 
are in a plane and the plane of the amide group
makes an angle of 19° with the plane of the pyridine

ring. While in the case of the nickel chelate, the 

amide group is rotated around the bond C(7)-

C(2), in such a way that O(9) and N(1) are in the 

same side with respect to the long axis of the mol-

ecule. The five membered metal-chelate ring and 

the pyridine ring are almost planar, however, both 

rings are not exactly coplanar. The plane of the 

pyridine ring is twisted at an angle of about 4.0•‹ 

around the axis through the midpoints of the bonds 

C(4)-C(5) and C(2)-N(1) with respect to the metal 

chelate ring in such a way that the distance between

Fig. 3. Bond distances and angles of pyridine-2-carboxamide molecule. (a) in the nickel 
chelate (b) in its crystalline state.
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C(3) and N(8) increases. This distortion may be in 
part due to the repulsion between the amino group 
and the hydrogen atom attached to C(3). The 
distance between the amide nitrogen and the ortho 
carbon atom is 2.93 A, in agreement with those 
found in the related compounds.3) 

A complex ion is surrounded by four chloride 
ions. The Ni-Cl distances are 4.55 and 4.58 A. 
The distances between the chloride ions and the 
atoms of the ligand molecules are listed in Table 
3. There are some possibilities of the formation 
of weak hydrogen-bonds between the chloride ions 
and the water oxygen atoms and between the chlo-

ride ions and the amide nitrogen atoms, these 
distances being 3.18 and 3.33 A respectively. 

The authors are grateful to Professor K. 
Yamasaki and Mr. M. Sekizaki for kind supply 
of the specimens and valuable discussion. They 
are also indebted to Professor M. Kakudo and his 
collaboraters for providing us the crystallographic 
data of pyridine-2-carboxamide prior to publi-
cation. Part of the cost of this investigation has 
been defrayed by a Scientific Research Grant of 
the Ministry of Education, to which the authors' 
thanks are due.


