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COPPER(II) AND COBALT(II) COMPLEXES OF 
PYRIDINE-2-CARBOXAMIDE AND PYRIDINE-2-CARBOXYLIC ACID 

SHIH C. CHANG, JOSEPH K. H. MA, JIN TSAI WANG, and NORMAN C. LIP 

Duquesne University, Pittsburgh, Pa. 152 19 

(Received June 9, 1971 ; in final form August 20, 1971) 

The formation constants of the following have been measured with a polarographic method: binary copper(II) 
complexes of pyridine-2-carboxamide (picolinamide) and pyridine-2-carboxylic acid (picolinic acid), a ternary 
copper(I1) complex of picolinic acid and imidazole, and a binary copper@)-imidazole complex. The larger for- 
mation constant for picolinic acid over picolinamide is ascribed to the greater chelating ability of a carboxylate 
group over an amide carbonyl oxygen. The crystal and molecular structure of diaquobis(picolinato)cobalt(II) di- 
hydrate, [Co(H20)~(pc)~].2HzO, has been determined from three-dimensional MoKa X-ray collected by the 
multiple-film Weissenberg method. The unit cell dimensions are: a = 9.89 k 0.02 A, b = 5.17 k 0.01 A, c 1: 17.50 
& 0.06 A, j3 = 123.8 k 0.4". The space group is P21/c, and the calculated density is 1.67 g cm-3 with two formula 
weights per cell. The measured density is 1.67 g cm -3. The structure was solved by the Patterson method and 
refined by a least-squares method. With a total of 1659 observed independent reflections, the final R factor is 
10.2% without the hydrogens and 9.7% with the hydrogens. The two picolinate groups are planar and related by 
an inversion center at the cobalt atom. The cobalt atom is coordinated by a distorted octahedron formed by the 
two nitrogens of the pyridine rings, two oxygens from the carboxyl groups, and two oxygens of coordinated water 
molecules. The molecules are hydrogen-bonded into layers parallel to the bc plane. Between adjacent layers, only 
van der Waal's contacts are observed. 

INTRODUCTION 

Conley and Martin2 reported that pyridine-2- 
carboxamide, a derivative of an a-amino acid, 
forms different complexes with Cu2+ in aqueous 
solution at different pH values and found that titra- 
tion of solutions containing 2 mol of pyridine-2- 
carboxamide per mol of Cu2f requires the addition 
of 2 equiv of base per mol of metal ion to reach pH 
10. The original blue solution at the beginning of 
the titration changes color to violet during the 
course of the titration, and the color change is 
typical of those found in peptides where amide 
hydrogens undergo cupric3 ion promoted ioniza- 
tion. They suggested that cupric ion promotes the 
ionization of two amide hydrogens forming at high 
pH a 2:l ligand-metal complex with the ligand 
chelated through nitrogen atoms. From solutions 
at lower pH, Nagano, et ~ l . , ~  isolated in the solid 
state a 1 : 1 CuCI, complex of pyridine-2-carboxa- 
mide and suggested that the structure of the com- 
plex is I. 

Since there has been no report of formation con- 
stant for pyridine-2-carboxamide (picolinamide) as 
ligand, we have measured the formation constants 
of its copper(I1) chelate by a polarographic method. 
In order to compare the relative chelating ability 
-f To whom correspondence should be addressed. 

61 Cl 

I, picolinamide-cupric chloride 

of a carboxylate group with an amide carbonyl 
oxygen, we have determined the formation constant 
for pyridine-2-carboxylic acid (picolinic acid) as 
ligand to copper(I1) by the same method. The 
polarographic reduction of cobalt(I1)-picolinate is 
irreversible, and we have investigated the complex 
by an X-ray diffraction method.5* 

In addition to the above, as part of our research 
program on ternary metal c~mplexes,~~ we include 
in this paper the result of a polarographic study on 
copper(I1)-picolinic acid-imidazole. Tanfordg has 
shown that in the combination of copper ion with 
serum albumin the principal binding sites are the 
imidazole groups of the histidine residues of the 
protein molecule, so that imidazole complexes are 
of prime biological importance. 
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32 S. C.  CHANG, et al. 

EXPERIMENTAL 

Material Picolinamide, picolinic acid, and imi- 
dazole were obtained from Eastman Kodak Co. 
Stock solutions of imidazole were prepared and 
then standardized with standard nitric acid by 
pH titration. Diaquobis(pico1inato)-cobalt(I1) dihy- 
drate were prepared by the method of Bailes and 
Calvin.lo Anal. Calcd. for CoC12Hl,N,0,: Co, 
15.75; C, 38.40; H ,  4.26; N, 7.47. Found: Co, 
15.70; C, 38.77; H, 4.34; N, 7.96. The yellow- 
orange crystals changed to brown and then pink 
when heated in vacuo, and a weight loss of 19.07 % 
was observed, calcd. for 4H20, 19.2%. When 
allowed to stand open to air the pink crystals 
slowly absorbed water and changed back to yellow- 
orange. 

X-ray Diffraction The crystals were of the size 
0.15 x 0.2 x 0.2 mm. Filtered MoKa radiation 
was used and no absorption correction was made, 
p = 3.63 cm-'. Lorentz and polarization correc- 
tions were made and the intensity data were re- 
duced to a common scale by a program written by 
Shiono,' ' using the least-squares method of 
Hamilton, et. a1.I2 The unit cell parameters at 22", 
as determined from the equatorial Weissenberg 
photographs taken from two crystals aligned on 
the a and b axes, are a = 9.89 4 0.02 A, b = 5.17 

The errors are maximum possible errors as esti- 
mated from maximum eccentricity of crystal 
samples, uncertainty in radius of camera, and film 
shrinkage. The systematic absences observed on 
Weissenberg photographs are (h01) with 1 odd and 
(OkO) with k odd. This determines the space group 
as P2&. For two formula weights in the cell the 
calculated density is 1.67 g cmP3; the observed 
density is 1.67 gcmP3 determined by flotation 
in a mixture of n-butyl bromide and tetrabromo- 
ethane. The three-dimensional intensity data were 
collected from two crystals oriented along the a 
and b axes. They were recorded on multiple films 
using the equi-inclination Weissenberg technique 
and estimated visually against a standard scale. 
The total number of independent observations was 
2264 with 1659 observed reflections. 

20.01 A, c = 17.50 f: 0.06A, /3 = 123.8 rf: 0.4". 

Polarography Polarographic measurements were 
made with a Sargent Recording Polarograph, 
Model XVI. An H cell was used with a saturated 
calomel electrode and the connecting bridge to the 
dropping electrode was filled with a 3% agar 

solution with saturated KC1. The half-wave 
potentials, after correction for the IR drop, were 
reproducible to 1 mv, and were determined in the 
manner previously described. The pH was 
measured with a Corning pH meter, Model 10. 
Solutions were maintained at constant temperature 
at 25 I 0.1". 

RESULTS AND DISCUSSION 

(A) Copper(II) Complexes of Picolinamide and 
Picolinate 

For picolinamide as ligand, polarograms were taken 
with solutions containing 5 x M CU(NO~)~,  
0.20 M KNO, and varying concentrations of pico- 
linamide in water, pH 6.4 to 6.6. The data are used 
to calculate the number of ligand molecules, p ,  
coordinated to each copper ion and the over-all 
formation constant, Kf, of the complex by means of 
the equations13 

AEkjA log Cp, = - (RTjtzfip(2.303) ( 1 )  
and 

(E+), - (E$)s = - (RT/nF) lnKf 

- p(RT/nF) In CP, (2) 
All potentials are referred to the saturated calomel 
electrode (S.C.E.) and plots of log i&-i) vs. E 
show that in each case the electrode reaction is 
reversible and n = 2. (E+)c and (E+), are half-wave 
potentials in the presence and absence of ligand, 
respectively, with (E+)s = +0.016 v. A plot of E+ 
vs. C,, in the picolinamide (Pa) concentration 
range 0.01 to 0.06 M is linear, from which the 
values ofp and log Ki are calculated to be 2 and 7.4, 
respectively. According to Conley and Martin,2 
the pyridinium hydrogen of picolinamide exhibits 
pK, = 1.9 and ionization of the amide hydrogen is 
not expected until pH is larger than 13, so that 
under our experimental condition the picolinamide 
exists as the uncharged neutral species. 

For picolinic acid as ligand, polarograms were 
taken with solutions containing 5 x 10--4M 
CU(NO~)~,  0.20 M KNO, and varying concentra- 
tions of picolinic acid (pc) in water, p H  3.21 to 
3.27. Since the hydrogen ion concentration of the 
solution is much greater than the acid dissociation 
constant O K =  5.37) of picolinic acid, we have 
used the equation given by Li and DoodyI4 

(E&)e =p0.0296 (PK -pH) - 0.0296 log Kf 
- ~(0.0296) log Cpc + (E+)s (3)  
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COPPER(I1) AND COBALT(I1) COMPLEXES 33 

to calculate p and K,-. A plot of E+ vs. C,, in the 
concentration range 0.01 to 0.46 M is linear, from 
which the values ofp and log Kfare calculated to be 
2 and 16.1, respectively. Our value of log Kf is in 
excellent agreement with the value 16.0 obtained 
by a spectrophotometric method in 0.1 (KNO,) 
medium. 

The larger formation constant for picolinic acid 
over picolinamide may be ascribed to the greater 
chelating ability of a carboxylate group over an 
amide carbonyl oxygen. No evidence for copper (11) 
ion promoted amide hydrogen ionization appears 
at the relatively low pH used in our experiments, 
so that chelation through the amide nitrogen does 
not occur, It is interesting to note that the 
larger formation constant for glycine over glycine 
amide, as well as the larger formation constant for 
histidine over kistidinamide have been ascribed to 
the greater chelating ability of a carboxyl group 
over an amide carbonyl oxygen. 16, * 
(B) Ternary Copper(II1-Picolinic Acid-Imidazole 
System 

Polarograms were taken for solutions containing 
5 x lop4 M Cu(NO,),, 0.20 M KN03, 0.0186 M 
picolinic acid, and varying concentrations of 
imidazole in the p H  range 8.4 to 9.0. Another set of 
polarograms were taken for solutions containing 

imidazole, and varying concentrations of picolinic 
acid, in the pH range 7.6 to 8.6. Plots of E+ vs. - 
log (imidazole), at constant picolinic acid concen- 
tration,and of E+vs. log (picolinic acid), at constant 
imidazole concentration, are given in Figures 1 and 
2, respectively. The waves resemble somewhat those 
obtained for copper-imidazole complexes in that 
each polarogram consists of two waves of approxi- 
mately equal height and each wave is due to a one- 
electron change (E3,4 - = -0.050 for each 
wave, as compared to the theoretical value of 
-0.056). The same treatment accorded to copper- 
imidazole complex is therefore adopted here. 

If we regard the reaction of the first and second 
waves to be 

5 x 1 0 - 4 ~  C ~ ( N O ~ ) ~ ,  0.20 M K N O ~ ,  0.20 M 

Cu(pc),(Im)p(2-m)+ + e- 
= Cu(pc),(Im),(l-n)+ 

+ (m - 4pc- + (~-4) Im (4) 
and 

Cu(pc),(Irn),(l-")+ + e- + Hg 
= Cu(Hg) + npc- + q Im ( 5 )  

0.5 8 

1 ID 0.46 
z 
g l  

0.30 1 A 

0.26 I- . . . . . -__ 
0.0 0.8 1 .o 

- log C Im 1 

FIGURE 1 Plots of E+ vs. - log (Im), for solutions 
containing 5 x 10-4 M Cu(N03)2,0.20 M KN03,0.0186M 
picolinic acid, and varying concentrations of irnidazole. (A) 
first wave, (B) second wave. 

-log (picolinic acid 3 

FIGURE 2 Plots of E) vs. - log (picolinic acid) for solu- 
tions containing 5 x 10 -4 M Cu(N03)2, 0.20 M KN03, 
0.20 M imidazole, and varying concentrations of picolinic 
acid. (A) first wave, (B) second wave. 
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34 S. C .  CHANG, et. al. 

respectively, then for the first wave we may write 

( Q C J  - ( 4 ) s . l  = 
- 0.0591 (log Kj, - log KOuJ 
- (m-n) 0.0591 log C,, 
- (p-9) 0.0591 log CI, (6) 

and for the second wave 

(E,),,Z - (Et)s,z = - 0.0591 log KO", 
- 0.0591 n log C,, 
- 0.0591 q log C,, (7) 

Here K j ,  and KO,, are equilibrium constants for the 
reactions 

Cu2+ mpc- + p  Im 
= Cu(pc)m(Im)p((2-m)+ Kic (8) 

Cu+ + npc- + q Im 
= Cu(pc)u(Im)q(l-")+ K ous (9) 

(Et)s,l is the half-wave potential of the reaction 
Cu2+ + e- = Cu+, (E+)s,2 is that for the reaction 
Cu+ + e -  + Hg = Cu(Hg), and are given the 
values -0.067 and +0.084, respectively. i 3  From 
Figure 1, p - q = 0 and q = 2, so that p = 2. 
From Figure 2, m - n = 2 and n = 0, so that 
rn = 2. These results show that the cupric complex 
is Cu(picolinate)2(imidazole)z and that the cuprous 
complex is Cu(imidazole), -t . Calculation of our 
polarographic data by means of equations 6 and 7 
leads to the following equilibrium constants : 
log Kj ,  = 18.2, log KO,, = 11.1. 

Since we have obtained the value log Kf = 16.1 
for the reaction 

CUZ+ + 2 pc- = Cu(pc)z (10) 

and since log Kf = 18.2 for the reaction 

Cu2+ + 2pc- + 2 Im = C~(pc),(Im)~, (11) 

It is easy to calculate that log Kf = 2.1 for the 
reaction 

W P C ) ~  + 2 Im = Cu(p~)~(Im)~ (12) 

Walker and Lit* reported that copper(chelate),, 
with chelate = hexafluoroacetylacetonate anion, 
forms very stable 1:2 adducts with pyridine and 
4-methylpyridine. The ternary compounds are : 
C~(chelate)~(py)~ and C~(chelate),(4-rne-py)~. In 
this paper we have reported the existence of 

C~(chelate)~(Im), in solution, where chelate = 
picolinate. Our treatment of data on the ternary 
copper-picolinic acid-imidazole system leads to a 
value of log Kf= 11.1 for the cuprous CuIm2+ 
complex, in fair agreement with the value log K, = 
10.8 found by Li, et. al., from polarographic data 
on binary copper-imidazole system. 

( C )  Structure Determination of Diaquobis (picoli- 
nate) cobalt(Ir) Dihydrate 

The structure was solved by the Patterson method. 
The general procedure was as follows: with one 
heavy atom (cobalt) located at the origin, the 
relative position of the pyridine ring can be seen 
from the Patterson function. Then a Fourier 
synthesis was made with structure factors phased 
by the cobalt and the pyridine ring atoms. From 
this Fourier map, other atoms are found. Two- 
dimensional projection on the ac plane was first 
solved. Without the hydrogen atoms, the R factor, 
defined as R = E I IFo I - IF,[ I/C IFo 1, was reduced 
to 9.8% for the (h01) data alone. Using the three- 
dimensional data and knowing the x- and z-co- 
ordinates of each atom, the y-coordinates of all the 
atoms are estimated from the three-dimensional 
Patterson function. Preliminary refinement was 
done by using the Ieast-squares methodlg and 
isotropic temperature factors. The Hughes'20 
weighting scheme was used, This brought the over- 
all R-factor to about 12%. Using anisotropic 
temperature factors, the R-factor was reduced to 
10.2 % without the hydrogens. The location of the 
hydrogens was found from the difference Fourier 
synthesis. 

A table listing IF,] and F, is available for in- 
spection in the files of the Editor. The atomic 
coordinates and anisotropic thermal parameters are 
listed in Table I. The coordinates of hydrogens 
refined well. The thermal parameters of the hydro- 
gen atoms cannot be refined and they are assigned 
arbitrarily to be the same as the largest thermal 
parameters found in the structure which belong to 
the oxygen of one of the waters of hydration. With 
the hydrogens, the R-factor is 9.7 %. 

The molecular structure of [CO(H~O),(~C)~] is 
shown in Figure 3, with the bond lengths and angles 
indicated. Table TI shows the intramolecular and 
intermolecular bonds in the crystal. After the 
completion of our structure analysis, we noticed a 
paper by Takenaka, et. a1.,6 on the crystal struc- 
tures of the corresponding nickel and zinc com- 
plexes. The cobalt, nickel and zinc complexes are 
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TABLE I 
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(a) Fractional atomic coordinates with their standard 
deviations 

Atom X Y z 

0.0000" 
0.2544(8) 
0.3484(10) 
0.5186(9) 
0.5916(10) 
0.4956(9) 
0.3260(8) 
0.2133(9) 
0.271 3(8) 
0.0621(6) 
0.0762(7) 
0.0754(11) 
0.288(15) 
0.575(16) 
0.710(17) 
0.540(15) 
0.109(18) 
0.054(16) 
0.088(16) 
0.020(15) 

o.oO0o 
-0.0738(14) 
-0.2445(14) 
-0.2404(16) 
-0.0548(19) 

0.1 2OO(17) 
0.1041 (14) 
0.293 l(14) 
0.4372( 14) 
0.2814110) 
0.2410(11) 

- 0.01 47(13) 
-0.346(23) 
-0.397(24) 
-0.034(21) 

0.274(24) 

0.376(28) 
0.085(25) 
0.260(22) 

0.002(22) 

o.oO0o 
0.0651(5) 
0.1302(5) 
0.1773(6) 
0.1567(6) 
0.0872(5) 
0.0444(5) 

- 0.03 lO(5) 
- 0.061 8(4) 
-0.0583(4) 

0.1166(4) 
0.2588(5) 
0.145(8) 
0.227(7) 
0.200( 8) 
0.068(8) 
0.310(9) 
0.122(8) 
0.167(8) 
0.245(8) 

(b) Atomic anisotropic thermal parameted 

Atom 811 822 833 

0.39(2) 
0.54(5) 
0.9 1 ( 1 0) 
0.56(9) 
0.63(10) 
0.68(9) 
0.6q7) 
0.88(10) 
1.08(9) 
0.73(7) 
0.98(8) 
1.99(14) 

1.23(4) 
1.78( 1 9) 
1.88(22) 
2.66(27) 
3.33(32) 
3.09(31) 
2.14(22) 
I .94(22) 
3.36(23) 
2.27(17) 
2.1 l(18) 
3.33(27) 

0.17(1) 
0.23(2) 
0.30(3) 
0.35(3) 
0.32(3) 
0.31(3) 
0.25(2) 
0.28(3) 
0.38(3) 
0.3 l(2) 
0.29(2) 
0.29(3) 

812 

-0.01(10) 
0.02( 12) 

0.03(2) 

-0.14(13) 
-0.18(15) 
-0.33(14) 

0.02(12) 
0.22( 12) 
0.06(12) 

0.21(10) 
-0.30( 14) 

-0.06(9) 

813 

0.14(1) 
0.17(4) 
0.23(5) 
0.16(4) 
0.1 3( 5) 
0.24(5) 
0.27(5) 
0.24(4) 
0.36(4) 
0.27(3) 
0.3 l(3) 
0.35(5) 

823 x 10' 

0.05(1) 
-0.10(6) 
- 0.20(7) 
-0.13(8) 

0.04(8) 
-0.27(8) 

O.lO(7) 
O.lO(6) 

- 0.43(7) 
-0.18(5) 
-0.01(5) 
0.060 

Numbers in parentheses here and in succeeding tables are estimated standard deviations in the least 

The anisotropic temperature factor is expressed in the form exp [-(B11h2 + 822k2 f 83312 + 2812hk 

significant digits. 

+ 28i3hl + 28z3kl)l. 
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@ co 

O N  
0 0  P O"' 

18 d 
FIGURE 3 Intrakolecular bond lengths and angles in dia-quobis(picolinato)cobalt(II) dihydrate. 

TABLE I1 

(a) Bond distances in [Co(H~O)~(pc)21 

Bonds 

Co-N 
co-O(2) 
CO-O(3) 
N-C(I) 
N-C(5) 
C(WC(2) 

C(3)-C(4) 
c(2)-c(3) 

Distances 
(A") Bonds 

2.14(1) C(4)-C(5) 

2.14(1) C(6)-0(1) 
1.33(2) C(6)-0(2) 
1.33(2) C(1)-H(1) 
1.40(2) C(2)-H(2) 
1.37(2) C(3)-H(3) 
1.39(2) C(4)-H(4) 

2.06(1) C(5 jC(6) 

(b) Bond angles 

0(2)-CO-N 78.7(5) 

N-CO-O( 3) 84.9(5) 
C( 1)-N-CO 129.0(7) 
C(~)-N-CO 112.2(7) 
C(ljN-C(S) 118.0(9) 
N-C( 1)-C(2) 122.2(9) 

0(2)-C0-0(3) 91.0(5) 

C(l)-C(2)-C(3) 119.6(9) 

C(3)-C(4)-C(5) I 17.4(9) 
C(2)-C(3)-C(4) 1 I9.1(9) 

C(4jC(5)-N 123.7(9) 
N-C(5)-C(6) 116.0(9) 
C(4)-C(5)-C(6) 120.4(9) 

(c) Hydrogen-bonding distances in 
[WHzO)z(~c)zl. 2H20 

Bonds Distances (A) 
Distances 

0(3)H(6). . . . O(2')" 
0(3)H(7). . . . O(4) 

2.73(2) 
2.78(2) 

1.41(2) 0(4)H(5). . * .0(1') 2.69(2) 
1.52(2) 0(4)H(8'). . . . O(4") 2.94(2) 
1.23(2) 
1.29(2) 
0.93(5) 
1.09(5) 
0.98(5) 
1.06(5) 

(A") 

(d) Hydrogen-bonding angles in . 
[Co(HzO)z(~c)zl. 2Hz0 

Co-O(3)H(6). . O(2') 109.5(9) 
in [Co(Hz0)z(~c)zl 

N-C(1)-H(1) 11 l(3) 
C(2)-C(l)-H(l) 126(3) 
C(l)-C(2)-H(2) 114(3) 
C(3)-C(2)-H(2) 126(3) 
C(2)-C(3)-H(3) 116(3) 
C(4)-C(3)-H(3) 123(3) 
C(3)-C(4)-H(4) 124(3) 
C(5)-C(4)-H(4) 118(3) 
C(5)-C(6)-0(1) 118.3(9) 
C(5)-C(6)-0(2) 115.5(9) 

C(6)-0(2)-CO 116.9(7) 
0(1 jC(6)-0(2) 126.2(9) 

Co-O(3)H(7). . . .o i4 j  
O(2'). . . .H(6)0(3)H(7)* * .  *0(4) 
0(3)H(7). . . .0(4)H(8). . . . O(4') 
0(3)H(7). . . .0(4)H(8'). . * vO(4") 
0(3)H(7). . * *0(4)H(5). . . .0(1') 
0(4')H(8). * * * 0(4)H(8'). . * .0(4) 
0(4')H(8). . . .0(4)H(5). . * .0(1') 
0(4)-. . .H(8')0(4)H(5). . . .0(1') 
C ( e O ( 1 ) .  . . -H(5')0(4) 
C(6)--0(2). * . . H(6')0(3') 
C0-0(2). . . . H(6)0(3) 

112.8(9) 
120.9(9) 
76.6(9) 

127.5(9) 
128.3(9) 
123.5(9) 
87.3(9) 

102.5(9) 
114.0(9) 
109.4(9) 
126.8(9) 

a The primed atoms are symmetry related to their respective 
unprimed atoms. 
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FIGURE 4 The hydrogen bonding scheme and the packing of the molecules in the crystal of [Co(H20)2(pc)2].2H20 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



38 S. C. CHANG. et. al. 

iso-structural. The cobalt atom is situated at the 
inversion centre of the molecule. It is octahedrally 
coordinated by the two nitrogens of the pyridine 
rings with a distance of 2.14 A, two oxygens from 
the carboxyl groups with a distance of 2.06 A, and 
two oxygens of the two water molecules with a 
distance of 2.14 A. The octahedron is distorted 
more in the plane of the molecule. The two water 
molecules are almost perpendicular to the plane. 
The pyridine rings and the carboxyl groups are 
essentially planar. The maximum deviation from 
the plane is about 0.12 A for the major atoms. For 
the hydrogens the maximum deviation is only 
about 0.2 A. The bond lengths and angles as shown 
in Figure 3 are quite reasonable. Although the 
hydrogen temperature parameters failed to refine 
by the least-squares method, the hydrogen posi- 
tions, which are not indicated in Takenaka’s paper, 
are located in this paper. As shown in Figure 3, the 
hydrogen positions are quite good. 

The molecules form layers parallel to the bc 
plane by two hydrogen-bond chains. As shown in 
Fig. 4, a stronger hydrogen-bond chain 

0(2’)2.’3* HO(3)HZJgA 0(4)H2.69* O(1’) 

connects three molecules. With the aid of a 
weaker hydrogen-bondchain, 0(4”)2.94 * HO(4yg4 A 
H0(4’), the layer is formed. It is also observed 
that, between the layers, only van der Waal’s 
contacts exist. 

Comparing with the crystal structure of bis(pyri- 
dine-2-carboxamido)nickeI(II) dihydrate*l, 
Ni(C6H,N20)2.2H20, there is a major difference, 
namely the metal atom in the latter complex is not 
bonded to the water molecules, whereas in the 
complex of diaquobis(picolinato)cobalt(II> dihy- 
drate, the cobalt atom is bonded to two water 
molecules. 
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