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The synthesis and crystal and molecular structure of dinitrato[2,6-diacetylpyridine bis(anil)] nickel(I1) (C2i H 19N3)Ni(N03)2 
is reported. The compound crystallizes in the monoclinic space group P21/c (C2h5, No. 14) with a = 11.037 (2) A, b = 
14.662 (4) A, c = 16.039 (3) A, p = 122.66 (1)O, V = 2185.0 A3, and Z = 4. Observed and calculated densities are 1.51 
(1) and 1.508 g cm-3, respectively. All atoms, including hydrogen atoms, have been located from a single-crystal X-ray 
structural analysis based on counter data collected with a Hilger and Watts Y290 automated diffractometer. The structure 
was refined anisotropically to final discrepancy indices of RF = 0.040 and R w ~  = 0.050 for 2148 independent reflections 
(with I > 3u(I) representing data complete to 28 = 50' (Mo Ka radiation)). The LNi(N03)2 complex contains a planar 
terdentate NNN donor set and both monodentate [Ni-O = 2.027 (5) A] and near symmetrically bidentate [Ni-0 = 2.070 
(4), 2.138 ( 5 )  A] nitrato groups. The nickel coordination is distorted octahedral with cis N-Ni-N angles, 77.85 (14) and 
78.52 (Is)', distorted from 90' by the bite of the planar terdentate ligand. The Ni-N lengths are 1.958 (4) 8, (equatorial) 
and 2.090 (4) 8, (mean axial). Physical measurements indicate that similar structures are found for LM(N03)2 (M = 
NiII, ZnIr, Curl); in particular, infrared bands which arise from the monodentate and bidentate nitrato groups are assigned. 

Introduction 
A new series of terdentate NNN donor ligands have been 

synthesized recently by the Schiff base condensation of 2,- 
6-diacetylpyridine and some aromatic amines.132 Charac- 
terization of several first-row transition metal complexes of 
these 2,6-diacetylpyridine bis(imines) indicates that their 
coordinating ability is comparable with the well-known ter- 
pyridine ligand. We have now isolated some divalent metal 
nitrate complexes of the 2,6-diacetylpyridine bis(ani1) ligand 
(L = C2iHigN3) that display a variey of nitrato bonding types.3 
Of special interest are the complexes LM(N03)2 (M = NiI1, 
ZnII, Cu") since six-coordination might be attained by the 
presence of both monodentate and bidentate nitrato groups. 
The existence of a few nickel species of this type has been 
suggested on the basis of infrared data.4 We report here the 
single-crystal X-ray analysis of the structure of LNi(N03)z 
as well as some physical measurements on related nitrato 
complexes. A preliminary account of this research has been 
presented.5 
Experimental Section 

Preparation of the Ni, Cu, and Zn Complexes. Only the details 
for LCu(N03)2 are presented here, as the divalent Ni and Zn nitrate 
complexes of 2,6-diacetylpyridine bis(ani1) were prepared in an 
analogous fashion. 

Dinitrato[2,6-diacetlpyridine bis(anil)@opper(II). The Schiff base 
ligand (0.31 g, 1.0 mmol) was added to an anhydrous ethanol (ca. 
50 ml) solution of copper(I1) nitrate trihydrate (0.24 g, 1.0 mmol) 
previously dehydrated by refluxing with 2.5 ml of dimethoxypropane. 
The green solution was refluxed briefly, filtered, evaporated to ca. 
15 ml, and then cooled to give the product as a green powder; yield 
0.37 g (74%). Anal. Calcd for C ~ I H I ~ N ~ O ~ C U :  C, 50.4; H, 3.83; 
N, 14.0. Found: C, 50.5; H, 3.86; N, 14.1. The complex is readily 
soluble in dichloromethane and nitromethane. 

Dinitrato[2,6-diacetylpyridine bis(anil)lnickel(II). This complex 
was prepared similarly in 59% yield as a dark red-brown crystalline 
solid. Anal. Calcd for C~iHwN506Ni: C, 50.8; H, 3.87; N, 14.1. 
Found: C, 51.4; H, 3.92; N, 13.6. 

Dinitrato[2,6diacetylpyridine bis(anil)]zinc( II) Monohydrate. This 
complex was prepared in a similar manner except that zinc(I1) nitrate 
hexahydrate was not dehydrated. A pale yellow crystalline solid was 
obtained in 65% yield. The product was recrystallized from etha- 
nol-nitromethane, collected on a frit, washed with ethanol and hexane, 
and air-dried. Anal. Calcd for CzlHziNs07Zn: C, 48.4, H, 4.07; 
N,  13.4. Found: C, 48.3; H, 3.94, N, 13.4. 

Spectra. Infrared spectra were recofded in the range 1700-1200 
cm-l using a Beckman IR-12 and mulls in Nujol and halocarbon 
between KBr plates. The NMR spectrum for the zinc complex was 
recorded in nitromethane at room temperature using TMS as internal 

reference and a Varian A-60A spectrometer. 
Crystal Structure Analysis. Dark red-brown parallelepiped crystals 

of the LNi(N03)2 compound, suitable for X-ray analysis, were 
obtained by slow evaporation from ethanol-nitromethane. Precession 
and Weissenberg photographs indicated a monoclinic space group with 
systematic absences of hOl when I is odd and of OkO when k is odd; 
these conditions define the space group as P21/c (C2h5, No. 14). The 
unit cell parameters a = 11.037 (2) A, b = 14.662 (4) A, c = 16.039 
(3) A, and p = 122.66 (1)' were obtained by a least-squares fit of 
the 8 values of 12 reflections measured on a Hilger and Watts 
diffractometer using a crystal elongated along the b axis with ap- 
proximate dimensions 0.13 X 0.20 X 0.1 1 mm. The unit cell volume 
V, based on these dimensions, is 2185 A3. A density of 1.508 g cm-3 
was calculated for Z = 4 and this agreed with that of 1.51 (1) g cm-3 
measured by flotation of several crystals in chlorobenzene-carbon 
tetrachloride. 

Data were collected at room temperature (22') with a Hilger and 
Watts Y290 computer-controlled diffractometer equipped with a 
scintillation counter and a pulse height anal zer, with graphite- 
monochromated Mo K a  radiation (A 0.71069 1). A 8-28 scanning 
technique was used to collect a unique data set to a maximum of 6 
= 25'; a rate of 60 steps of 0.01' with a 1-sec count at  each step was 
used. Zirconium foil attenuators were automatically inserted if the 
intensity of the diffracted beam exceeded 10,000 counts/sec. 
Background measurements (bi, b2) of 15-sec duration were made at 
the beginning and end of each scan with the counter stationary. The 
intensity of two standard reflections, measured at 100-reflection 
intervals, dropped by approximately 5% over the period of data 
collection and this was corrected for by application of linear scale 
factors. 

A total of 3839 intensity maxima were collected and corrected for 
Lorentz and polarization effects [ 1 / L p  = sin 2&(cos2 28m + l)/(cos2 
20m + cos2 2&), where 28s and 28m are the angles at the sample crystal 
and monochromator, respectively]. The absorption corrections were 
not considered necessary for a crystal of the size used to collect data. 
With an absorption coefficient = 9.39 cm-l for Mo Ka radiation, 
transmission coefficients of the order 88-90% would arise. Standard 
deviations were assigned to intensity values according to u(I) = ( S  
+ where S is scan count and B = 4(b1 + b2). Of the 3839 
measured reflections, 2148 with I > 3u(I) were used throughout the 
structural solution and refinement. 

An estimate of the overall scale factor was obtained using Wilson's 
method. Approximate coordinates for the unique nickel atom were 
readily obtained from a sharpened Patterson map.6 A Fourier 
synthesis based on the nickel phases revealed the positions of all carbon, 
nitrogen, and oxygen atoms. 

Isotropic refinement by full-matrix least squares with unit weights 
was initiated using the atomic scattering functions of Cromer and 
Man117 for nickel, carbon, nitrogen, and oxygen. All atoms were 
treated as neutral species, and both real and imaginary parts of the 
anomalous dispersion correction were applied to nickel.* Three cycles 
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Table I. Final Positional and Thermal' Parameters for LNi(N03), 

Alyea, Ferguson, and Westivo 

Z - Atom X Y 
Ni 0.38979 (6) 0.17873 (4) 0.05919 (4) 
~ 4 1 )  0.5267 (4) 0.1574 (2) 0.0047 (3) 
~ 4 2 )  0.5686 (4) 0.2615 (2) 0.1116 (2) 
O(43) 0.7091 (4) 0.2496 (4) 0.0552 (3) 
O(5 1) 0.3331 (4) 0.2431 (3) 0.1451 (3) 
W 2 )  0.1838 ( 5 )  0.3112 (3) 0.1692 (4) 
O(5 3) 0.1057 (5) 0.2092 (3) 0.0580 (4) 
N U )  0.2420 (4) 0.0854 (3) -0.0128 (3) 
N(2) 0.4783 (4) 0.0660 (3) 0.1535 (3) 
N(3) 0.2412 (4) 0.2488 ( 3 )  -0.0694 (3) 
N 4 )  0.6056 ( 5 )  0.2235 (3) 0.0571 (3) 
N(5) 0.2044 (5) 0.2547 (3) 0.1236 (3) 
C(2) 0.2597 (5) 0.0036 (3) 0.0281 (3) 
C(3) 0.1534 (6) -0.0622 (4) -0.0190 (4) 
C(4) 0.0305 (6) -0.0399 (4) -0.1103 (4) 
C(5) 0.0152 (6) 0.0457 (4) -0.1510 (4) 
(36) 0.1240 (5) 0.1089 (4) -0.0996 (4) 
C(7 ) 0.4001 (6) -0.0062 (3) 0.1256 (4) 
C(8) 0.4336 (7) -0.0941 (3) 0.1804 (4) 
C(9) 0.1266 ( 5 )  0.2047 (3) -0.1300 (4) 
C(10) 0.0012 (6) 0.2398 (4) -0.2241 (4) 
C(21) 0.6201 (5) 0.0708 (3) 0.2424 (3) 
C(22) 0.6456 ( 6 )  0.1402 (4) 0.3083 (4) 
~ ( 2 3 )  0.7829 (6) 0.1498 (4) 0.3925 (4) 
~ ( 2 4 )  0.8918 (7) 0.0939 (4) 0.4084 (4) 
C(25) 0.8657 (7) 0.0267 (4) 0.3412 (5) 
C(26) 0.7296 (6) 0.0144 (4) 0.2568 (4) 
(331) 0.2669 (5) 0.3403 (3) -0.0893 (3) 
C(32) 0.3113 (6) 0.3527 (4) -0.1537 (4) 
U33)  0.3452 (7) 0.441 3 (4) -0.1677 (4) 
U34) 0.3332 (6) 0.5139 (4) -0.1194 (4) 
C(35) 0.2897 (6) 0.4995 (4) -0.0553 (4) 
C(36) 0.2589 (6) 0.4129 (4) -0.0372 (4) 

4.26 (3) 
6.06 (23) 
5.31 (21) 
6.04 (27) 
5.51 (23) 

10.43 (35) 
7.04 (27) 
4.81 (23) 
5.20 (24) 
4.63 (23) 
4.46 (24) 
6.93 (30) 
5.26 (30) 
7.87 (40) 
6.99 (38) 
5.33 (33) 
4.75 (30) 
6.65 (34) 
8.88 (43) 
4.46 (28) 
5.00 (31) 
5.30 (29) 
6.11 (34) 
6.34 (36) 
6.21 (37) 
6.32 (41) 
6.76 (38) 
3.66 (25) 
7.70 (38) 
8.26 (42) 
5.21 (32) 
6.66 (37) 
6.83 (37) 

3.82 (3) 
5.80 (23) 
4.62 (20) 
9.73 (32) 
6.75 (24) 
7.97 (30) 

10.28 (34) 
4.30 (24) 
3.75 (22) 
4.34 (22) 
5.89 (27) 
4.63 (25) 
3.99 (27) 
4.72 (33) 
5.73 (36) 
6.47 (37) 
5.62 (32) 
3.82 (27) 
3.72 (29) 
5.65 (32) 
7.91 (41) 
4.10 (28) 
5.51 (31) 
7.62 (40) 
7.52 (41) 
7.43 (42) 
5.75 (35) 
4.72 (31) 
5.43 (33) 
6.75 (38) 
5.58 (34) 
5.24 (33) 
5.94 (36) 

4.18 (3) 
6.12 (21) 
5.48 (19) 

10.37 (33) 
5.51 (21) 

13.13 (40) 
11.32 (35) 
$.71 (23) 
4.76 (22) 
4.20 (21) 
5.76 (26) 
6.56 (27) 
5.15 (29) 
7.05 (36) 
7.27 (38) 
5.56 (32) 
4.90 (29) 
5.23 (29) 
6.78 (36) 
4.61 (28) 
4.58 (29) 
4.46 (27) 
5.09 (29) 
5.26 (31) 
6.37 (41) 
8.83 (46) 
6.41 (34) 
4.01 (?4) 
5.96 134) 
7.53 (39) 
6.58 (35) 
7.06 (37) 
6.47 (35) 

-0.44 (3) 
-0.74 (18) 
-0.73 (17) 
-1.07 (24) 

0.48 (19) 
1.1 1 (28) 

-2.31 (26) 
-0.66 (20) 

0.15 (19) 
-0.51 (19) 

0.09 (21) 
0.21 (22) 

-0.35 (23) 
-2.09 (29) 
-2.55 (30) 
-1.50 (29) 
-0.89 (26) 
-0.01 (25) 

-0.21 (24) 
0.56 (29) 

0.16 (30) 
0.18 (23) 
0.17 (28) 

-1.20 (31) 
0.24 (33) 
2.01 (34) 
1.06 (30) 
0.36 (22) 
0.23 (29) 
0.60 (33) 
0.07 (27) 
0.25 (29) 

-0.27 (29) 

1.76 (2) 
3.18 (19) 
2.63 (17) 
4.98 (26) 
2.68 (10) 
7.59 (33) 
5.78 (27) 
2.25 (20) 
2.65 (20) 
1.98 (18) 
2.21 (22) 
4.22 (25) 
2.97 (25) 
4.02 (33) 
3.45 (33) 
2.14 (28) 
2.34 (25) 
3.76 (27) 
4.36 (34) 
2.30 (24) 
1.19 (25) 
2.24 (24) 
2.87 (27) 
2.56 (29) 
1.94 (31) 
2.38 (37) 
2.99 (31) 
1.20 (21) 
3.95 (31) 
4.89 (35) 
1.84 (28) 
2.59 (32) 
4.23 (31) 

0.03 (3) 
-0.51 (18) 
-0.25 (16) 

-0.79 (19) 
-2.'75 (30) 
-2.75 (29) 
-0.22 (19) 
-0.27 (18) 

0.31 (18) 
0.98 (22) 
0.64 (21) 

0.50 (27) 

-0.59 (23) 
-1.56 (29) 
-1.87 (30) 
-1.58 (29) 
-0.92 (25) 
-0.29 (23) 

0.94 (27) 
0.06 (24) 
0.67 (29) 
1.25 (22) 

-0.03 (26) 
-0.18 (29) 

0.73 (32) 
1.15 (36) 

-0.34 (29) 
0.93 (21) 
0.23 (27) 
2.36 (32) 
1.83 (28) 

-0.30 (29) 
-0.29 (28) 

The thermal parameters Uij (AZ X l o z )  are terms in the expression e ~ p [ - 2 n ~ ( U , , h ~ a * ~  + U,2kZb*2 + U3,l2c*' t 2Ul,hka*b* t 
2Ul,hla*c* + 2U2,klb*c*)]. 

of refinement reduced RF = CIIFO~ - IFcII/CIFO~ to 0.081. 
A weighting scheme was then chosen such that w l P  = l/[u*(F) 

+ PPI I / *  with p = 10-3, and an analysis of variance indicated that 
CwA2 was independent of IFo! and (sin O ) / L  Two cycles of refinement 
by block-diagonal least squares with anisotropic thermal parameters 

for all atoms reduced RF to 0.055 and RWF = [ x w ( l F o l  - lFc1)2/ 
Cw(IFol)2]l/2, the function minimized, to 0.063. A difference Fourier 
map, computed at this stage, revealed electron density maxima in 
chemically reasonable positions for all the hydrogen atoms; these were 
then allowed for (in chemically expected positions with isotropic 0 
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Figure 1. Stereoview of the molecular packing diagram of dinitrato[ 2,6diacetylpyridine bis(anil)]nickel(II). The hydrogen atoms have been 
omitted for clarity. 

Table 11. Positional Parameters for the Hydrogen 
Atoms of LNi(NO,), 

Atom X Y 2 

H(3) 0.166 -0.128 0.014 
H(4) -0.053 -0.090 -0.148 
H(5) -0.081 0.064 -0.220 
HW-1 0.560 0.185 0.294 
W 3 )  0.804 0.202 0.445 
H(24) 0.996 0.101 0.474 
H(2-5) 0.956 -0.014 0.354 
H(26) 0.708 -0.038 0.204 
H(32) 0.319 0.297 -0.194 
W33) 0.383 0.453 -0.216 
W34) 0.358 0.581 -0.131 
W35) 0.281 0.557 -0.018 
H(36) 0.228 0.403 0.015 
H(81) 0.352 -0.108 0.195 
W82) 0.432 -0.147 0.135 
W83) 0.532 -0.102 0.250 
H(101) -0.016 0.197 -0.283 

H( 103) 0.000 0.307 -0.247 
H(102) -0.092 0.234 -0.220 

values of 0.063 A* and scattering factors from ref 9) but not refined 
in subsequent calculations. Two additional refinement cycles con- 
verged to RF = 0.040 and RWF = 0.050 for 2 148 observed reflections; 
the overall RF for the entire set of 3839 reflections is 0.075. The 
standard deviation of an observation of unit weight is 0.99 and a final 
difference Fourier showed no significant features. A list of observed 
and calculated structure factors is available.10 

Final positional and thermal parameters for the nonhydrogen atoms 
are in Table I; the calculated positions of the hydrogen atoms are in 
Table 11. 

Discussion of the Structure 
Interatomic distances and angles with their estimated 

standard deviations included in the parentheses are shown in 
Table 111. The crystal structure consists of monomeric units 
of the LNi(N03)2 complex separated by normal van der Waals 
distances (Figure 1); there are no abnormally close contacts. 

A view of the molecule is given in Figure 2; the central nickel 
atom is hexacoordinated to the NNN terdentate ligand and 
two nitrato groups. The geometry about the nickel atom is 
best described as distorted octahedral with the N( 1)-Ni-N(2) 
and N(l)-Ni-N(3) angles, 77.84 (12) and 78.52 (15)', re- 
spectively, distorted from 90' by the bite of the terdentate 
ligand. The plane (Table IV) formed by atoms N(l) ,  Ni, 

Rgure 2. Perspective view with 50% probabihty ellipsoids of 
dinitrato [ 2,6diacetylpyridine bis(anil)]nickel(II) showing the 
molecular geometry and atomic numbering. 
0(41), and O(42) makes a dihedral angle of 89.9' with the 
terdentate NNN donor set. The terminal nickel-nitrogen bond 
distances of the NNN terdentate donor (mean of Ni-N(Z) 
and Ni-N(3), 2.090 (4) A) are somewhat longer than the 
central Ni-N(1) bond length (1.958 (4) A); an exactly 
analogous situation is found in metal terpyridine complexes 
(e.g., M-N differences of 0.078 A for Ga,l2a 0.08 A for Sn,lzb 
0.12 A for Zn,l2C and 0.123,0.262 A for CuI*d complexes of 
terpyridine have been reported). 

In this nickel complex, with one nitrato group monodentate 
and the other bidentate, the nickel-oxygen distances to the 
bidentate nitrato group (Ni-0(41) = 2.138 (5) A and 
Ni-O(42) = 2.070 (4) A), although significantly different, 
indicate that this group is nearly symmetrically coordinated. 
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Table HI .  Interatomic Distances (A) and Angles (deg) fox LNi(N0J2 

Alyea, Ferguson, and 

(a) Distances 
2.138 (5) 
2.070 (4) 
2.027 ( 5 )  
1.958 (4) 
2.093 (4) 
2.086 (3) 
1.271 ( 5 )  
1.276 (8) 
1.279 (7) 
1.223 (8) 
1.205 (8) 
1.225 ( 6 )  
1.329 ( 5 )  
1.340 (5) 
1.283 (6) 
1.279 ( 6 )  

77.84 (14) 
78.52 (15) 
91.14 (18) 
61.48 (15) 
91.58 (16) 
94.10 (18) 

122.6 (6) 
115.3 (5) 
122.0 (4) 
118.3 (4) 
120.1 ( 4 )  
121.6 (6) 
90.1. (4) 
93.1 (3) 

125.7 (3) 
115.8 ( 3 )  
115.4 (3) 
120.7 (3) 
122.3 (2) 
123.5 (4) 
122.3 (4) 
119.0 (3) 
117.8 ( 3 )  
114.0 (4) 
119.0 (4) 
127.0 (4) 

T h e  monodentate ni t ra to  group assesses a coordinated 

shorter than  the  NI 0 distances of the  more weakly bonded 
bidentate nitrato group. The complex $IB(NO3)3C 
is the  only other complex which has been characterized 
structurally as  containing both monodentate and almost 
symmetrically bidentate ( V - 0  bond lengths of 2.04, 2.04 (2) 
and 2.02, 2.07 (2) A) nitrato groups. 

The  degree of symmetrical coordination of the bidentate 
nitrato group is reflected in the Ni-O(41)-N(4) and Ni- 
0(42)-N(4) angles, 90.1 (4) and 93.1 (4)8, respectively, as 
well as  the N(4)--0(41) and N(4)-0(42) bond lengths of 1.213% 
(5) and 1.276 (8) t$ which are  not significantly different. The 
Ni-0(41) and Ni- O(42) bond length difference (0.068 A) 
is small in comparison to the Co-0 bond length differences 
(0.104 A) found in (CsHsW)3Co(N03)2 whose bidentate 
nitrato group exhibits the least amount of asymmetry in the 
series of related complexes (CsId5N)3M(PdO3)2 (M = Co", 
Cull, Zn19.13 

The effect of coordination is discernible in the nitrato groups 
with the mean noncoordinated N-O bond length, 1.218 (I. 1) 
A, shorter than the mean coordinated N-0 length, 1.275 (4) 

Ni-0(51) bond length, 2.027 (5) 1 , which is substantially 

1.501 (6) 
1.492 (8) 
1.490 (7) 
1.484 (6) 
1.387 (7)  
1.395 (7) 
1.382 (9) 
1.383 (1 )  
1.382 (8) 
1.389 (6) 
1.360 (10) 
1.3'73 (10) 
1,387 ( 7 )  
1.378 (9) 
1.374 (10) 
1.402. (9) 
1.364 ( B O )  
1.364 (12) 
1.385 (9) 
1.385 (9) 

101.78 (19) 
91.27 (18) 

101.46 (14) 
100.45 (15) 
105.16 (20) 
94.10 (18) 

3.23.1 (4) 
12,0.2 (4) 
111.8 ( 5 )  
120.7 (5) 
118.8 (4) 
3 19.4 ( 5 )  
118.9 6) 

119.7 (5) 
121.2 ( 4 )  
118.3 ( 6 )  
121,Q (4) 
118.5 ( 6 )  
121.1. 18) 
119.2 (6) 
121,7 ( 6 )  
118.4 ('7) 
121.1 (5) 
114.4 (4) 
126.4. ( , 5 )  
I ?  9.1 (4) 

120.8 (6) 

i%. 119 the i ~ ~ ~ o d e ~ ~ t a t ~ ,  NQ3 group the uncoordinated N- 0 
distances differ by 2-7a; such variation is not uncommon.3 
T hare is no clear ~ o r r $ ~ a ~ ~ ~ n  between the M i - 0  distances and 
the  relevant 0 - N  distances, although QIX would, a priori, 
exp$C$ le 'ThkIS Qllr E S l d t %  W d d  apIX typical of what 
has appcancd in the literatiare.33'3 
contracted on %identate coordination' 
= 1.15.3 ( 5 ) O l  while the m o n ~ ~ e n ~ ~ t e  
dismticsn from I20" (Table 111) 

Deviations from B weighted least-squares plane (Table liV) 
e NNN terdentate donor set is essentially 

planar; the two phenyl rings, aL'(21).4(26) and G(31)-C(36), 
of the ligand are ~ s ~ ~ ~ ~ e t r ~ c ~ ~ ~ ~  twisted out of this plane and 
make  dihedral angles of 58.6 and B03.0a, respectively, with 
it. This 1s effectively to minimize steric interactions between 
phenyl ortho C -TI groups and the remainder of  the complex. 
The  mean Pd-8: distance in the pyridine ring is 1.335 (8) A 
whereas the N(2)-C(7) and W(3)--C(9) distances, mean 1.28 1 
(3) A, are much shorter, consistent with the double-bond 
character of these azornethme bonds. T h e  other distances 
within the i~w\e~u.ule are in accord with expected values, e.g., 
mean C-G aromatic 1.379 (13) A ,  C-C(pyridine) 1.387 (6) 
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Table IV. Weighted Least-Squares Plane&b 

(1) Plane Defined by N(l), N(2), N(3), C(2), C(3), 
C(4), C(5), C(6), C(7), W ) ,  C(9), C(10) 

Equation: 0.82OX-0.32OY -0.4752 -1.949 = 0 

Distance to Plane, A 
N(1) 0.014 (5) C(4) 0.003 (7) C(9) 0.005 (6) 
~ i 2 j  -0.003 i5j  c i 5 j  0.014 i7j  ciio) -0.034 (7j 
N(3) 0.006 (5) C(6) 0.009 (6) (321) 0.055 (6) 
C(2) 0.004 (6) C(7) 0.004 (6) C(31) 0.078 (6) 
C(3) -0.013 (7) C(8) -0.021 (7) 

(2) Plane Defined by C(21), C(22), C(23), C(24), C(25), C(26) 
Equation: 0.590X + 0.632Y -0.5032 -1.822 = 0 

Distance to  Plane, A 
C(21) -0.012 (5) C(23) -0.005 (7) C(25) 0.004 (7) 
C(22) 0.014 (6) C(24) -0.005 (7) C(26) 0.008 (7) 

(3) Plane Defined by C(31), C(32), C(33), C(34), C(35), C(36) 
Equation: -0.653X t 0.134Y -0.7452 + 0.873 = 0 

Distance to  Plane, A 
C(31) 0.011 (5) C(33) -0.011 (7) C(35) 0.009 (7) 
C(32) -0.002 (7) C(34) 0.006 (6) C(36) -0.019 (7) 

(4) Plane Defined by Ni, 0(41), 0(42), N(1) 
Equation: -0.172X + 0.650Y - 0.7402 -0.459 = 0 

Distance to Plane, A 
Ni -0.0001 (6) O(42) 0.003 (3) O(51) -0.010 (4) 

a The orthogonal vectors X, Y, and 2 are related to the unit cell 
vectors Q, b, and c as follows: X i s  along Q, Y is along b, and 2 is 
along c*.  b Dihedral angle between planes 1 and 2 is 58.6', that 
between planes 1 and 3 is 103.0", and that between planes 1 and 4 
is 89.9". 

A, C(sp2)-C(methy1) 1.487 (6) A, and C(sp2)(aromatic)- 
C(sp2) 1.497 (7) A. 

Structures of LM(N03)z Complexes. The present X-ray 
structural determination of the LNi(N03)z complex verifies 
the expectation of a distorted octahedral geometry involving 
both unidentate and bidentate nitrato groups based on magnetic 
moment, conductivity, and infrared and electronic spectral 
measurements.5 Discussion of criteria to confirm the terdentate 
behavior of 2,6-diacetylpyridine bis(ani1) and the existence of 
two types of nitrato groups in the same complex is now 
worthwhile. 

The infrared bands observed for the NNN donor ligand near 
1600 cm-I that are associated with the -C=N- linkage occur 
a t  1625 cm-1 (medium) and 1590 cm-1 (strong) for L- 
Ni(N03)2. This two-band pattern thus appears to be related 
to the Schiff base ligand acting as a terdentate and is indeed 
typical of the infrared spectra of all LMX2 and related 
(ML2)(BF4)2 complexes that we have studied to date.112 In 
the case of LZnXz complexes, the Occurrence of the resonance 
due to the methyl hydrogens in the NMR spectra as a singlet 
(downfield relative to the uncoordinated ligand) is also in- 
dicative of terdentate behavior. For LZn(N03)2.H20 the 
methyl resonance was observed at 2.63 ppm (6) as compared 
to 2.40 ppm (6) for the free ligand. 

Criteria for identifying the mode of coordination of nitrate 
groups on the basis of vibrational spectra have been discussed.3 
While the best means of distinguishing between monodentate 
and bidentate coordination of the nitrate group appears to be 
a comparison of the relative intensities of the three highest 
frequency Raman shifts of the nitrate fundamentals, together 
with their depolarization ratios, application of this criterion 
is difficult for a species containing both bonding types. At 
the same time, attempts to record the Raman Spectrum of 
LNi(N03)z have failed due to decomposition of the sample 
by the laser beam. Several workers4 have suggested previously 
the existence of nickel complexes containing both monodentate 
and bidentate nitrato groups from analysis of infrared bands 

O(41) -0.001 (4) N(1) 0.004 (4) 

Table V. Nitrate Stretching Vibrations for LM(NO,), 

1512 sh 1485 vs, br 1490 
1502 s 1430 w 1453 w 
1455 vs 1305 vs 1418 s, br 
1298 vs 1290 vs 1310 sh 
1272 vs 1290 vs 

in the 1200-1500-cm-1 region attributable to the nitrate ion. 
These bands arise as a result of splitting of the asymmetric 
N-0 stretching vibration (u3 ca. 1370 cm-1 in ionic nitrates 
of D3h symmetry) into two components by the lower symmetry. 
The magnitude of this splitting is greater for the bidentate than 
for the monodentate nitrate group, and peaks observed at ca. 
1270 and 1500 cm-1 and ca. 1300 and 1450 cm-1 were assigned 
to the bidentate and monodentate nitrate groups, respectively, 
by the earlier workers. The analogous bands in the infrared 
spectra of LM(N03)2 (M = NiI1, ZnII, CuII) in the 1200-1500 
cm-1 region are given in Table V. The similarity of the 
infrared spectra of the zinc and copper derivatives and those 
reported earlier4 for other nickel nitrate complexes to the 
infrared spectrum of LNi(N03)2 gives credence to the as- 
signment of very similar structures to these complexes. The 
degree of asymmetry of the bidentate nitrato group in these 
complexes cannot be established from the spectroscopic data 
but will be ascertained by crystallographic studies being 
undertaken in our 1aboratory.Sb 
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