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Synthetic and characterization studies of 4-ethoxypyri- 
dine N-oxide (EPNO) complexes with Co”, Ni”, Cu” 
and Zn” nitrates are reported. The following struc- 
tural assignments were made on the basis of spectral, 
magnetic and conductance studies: [ M(EPNO)r 
(02NO)I] (M = Co, Ni, Zn), essentially oh symmetry 
with coordinated bidentate nitrato groups; [ Cu- 
(EPNO)I(ONO&], essentially planar symnietry; [Co- 
(EPN0)3(ONOz)z], involves penta-coordinated Cd’; 
the last two complexes have coordinated monodentate 
nitrato groups; [M(EPNO)61(N03)2 (M = CO, Ni), 
distorted Oh symmetry; [ CU(EPNO)J](NOJ)~, essen- 
tially planar symmetry. Mono- and bi-dentate nitrato 
groups, as well as ionic NOj-, are easily distinguisha- 
ble from the IR spectra of the new complexes. A 
C, symmetry was assigned to the coordinated mono- 
dentate nitrato group, and a Cr, symmetry to the bi- 
dentate nitrato group. 

Introduction 

Various studies dealing with complexes of metal 
nitrates with pyridine N-oxides have appeared in re- 
cent years.‘-’ Complexes of the types [MLz(NO&I 
(M = Mn, Co, Ni, Cu, Zn, Hg; L = pyridine N-oxide 
and substituted derivatives),“’ [ Mbl(NO& (M = 
Mn, Co, Ni, Cu, Zn)le3 and [ML(NO3)1’+ (M = Y, 
Ln)* have been reported. Ni(NO& yields with some 
2-substituted pyridine N-oxides complexes of the type 
[NiLa(NO&] and with quinoline N-oxide (QNO) 
the complex [Ni(QNO)3(N03)J . 1/2H20? The 
crystal structure determination of [ Cu( CSHSNO)~- 
(NO&] revealed that this compound is dimeric, in- 
volving two bridging and two terminal pyridine N- 
oxide molecules, with the coordinated nitrate groups 
acting as monodentate ligands.g The Cu” ion is in 
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a distorted tetragonal pyramidal environment of five 
oxygen atoms? 

We have recently reported the complexes of 4- 
ethoxypyridine N-oxide (EPNO) with metal halides 
and perchlorates.l” A number of divalent 3d metal 
perchlorates (Mn, Co, Ni, Zn) yield penta-coordinated 
cationic complexes with EPNO, while in the presence 
of excess ligand equilibria between the species 
[ M(EPNO),]*+ and [M(EPNO)b]*+ (M = Co, Ni) 
have been established by means of spectral studies.” 
Extension of our recent studies,” to include the com- 
plexes of 3d metal nitrates with EPNO, is herein re- 
ported. Of particular interest are the infrared spec- 
tra of the new complexes, which provide conclusive 
evidence on the nature of the nitrate group in each 
compound (i.e. ionic nitrate, monodentate and biden- 
tate nitrato group). In addition, an unusual pen- 
tacoordinated complex of the type [Co(EPNO)3- 
(NO&] has been synthesized and characterized. 

Experimental Section 

Chemicals. EPNO was purified by vacuum subli- 
mation, as described elsewhere.1° The metal salts 
and solvents utilized were the purest commercially 
available. 

Syntheses. Complexes of the type [M(EPNO)r 
(N03)2] (M = Co, Ni, Cu, Zn) were synthesized by 
mixing warm absolute ethanol solutions of ligand 
and hydrated salt (in molar ratio 2: 1 ), allowing 
to cool, adding 2,2_dimethoxypropane in excess and 
leaving in the refrigerator for several days. For the 
precipitation of the Cu’I complexes addition of 2,2- 
dimethoxypropane is not necessary. Crystalline com- 
plexes were formed by this procedure. They were 
filtered, washed with ether and dried in an evacuated 
desiccator over magnesium perchlorate. The 3: 1 to 
6: 1 crystalline complexes described below were 
treated in the same way. 

Complexes with ligand to metal ratios higher than 
2: 1 were prepared as follows. 

[ CO(EPNO)~(NOJ)~]. This complex was prepared 
by mixing equimolar solutions of Co(N03)~ .6HzO 
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Table I. Properties and Analyses of 4-Ethoxypyridine N-Oxide-Metal Nitrate Complexes 

Complex Color M.p. “C C% 
Calc. Found 

Analysis 
H% N% 

Calc. Found Calc. Found 
Metal % 

Calc. Found 

‘Co(EPNOh (NO,), 
‘Ni(EPNO)b (NOJ)~ 3 
:CU(EPNO)J(NO,)I, 

Rose 102-103 36.46 36.65 3.93 4.25 12.15 11.93 12.78 12.30 
Light green 150-151 36.47 36.29 3.94 3.77 12.15 11.80 12.73 12.37 
White 125-126 35.95 35.57 3.88 3.93 11.98 11.61 13.98 14.10 
Garnet 126-128 42.00 41.59 4.53 4.68 11.67 11.29 9.82 9.73 
Green 129-131 36.10 35.93 3.89 3.99 12.03 11.77 13.64 13.88 
Brick red 144-145 49.56 49.72 5.35 5.77 11.01 10.71 5.79 5.45 
Yellow 146-148 49.57 49.88 5.35 5.55 11.01 10.67 5.77 5.66 
Blue green 61-62 45.19 44.63 4.88 5.13 11.29 10.92 8.54 8.32 

Table II. Ligand NO Stretching Vibration a and Nitrate IR Bands in EPNO-Metal Nitrate Complexes (cm-‘) 

Complex 

[CO(EPNG)I(G,NG)~] 

E 
Ni(EPNO)z(OzN0)2] 
Zn(EPN0)2(0,NOh] 

VNO A!Jv,O 

1199vs -10 
1194 vs -15 
1201 vs -8 

[ Co(EPNO),(GNO,),] 
[ Cu(EPNO),(GNOJ,] 

1196 vs -13 
1188 vs, b -21 

f Cu(EPNO),](NO,h Co(EPNO)s](NO,), Ni(EPNO)s](NO& 1195 1203 1201 vs vs vs -8 -14 -6 

VI 

1408 vs 
1400 vs 
1406 vs 

VI 

1282 vs 
1275 vs 

VI 
c 

c 

c 

Bidentate Nitrate (C,,) b 
VZ VJ VI VS 

972 m-s 815 m-s 1318 vs 740 m, sh 
970 m-s 812 m-s 1321 vs 720 m 
971 m-s 819 m-s 1323 vs 728 m 

Monodentate Nitrate (C,) b 
VI VI VI VS 

1020 vs 730 m, sh 1475 vs 720 m, sh 
1013 vs 740 m-s 1485 vs 713m,sh 

Ionic Nttrate (Dlh) b 

V2 V3 

816 m, sh 1360 vs 
813 m, sh 1350 vs 
825 sh m, 1355 vs 

Vb 

688 w 
682 w 
695 w, sh 

V6 

812 m 
805 m 

V4 

718m.sh 
705 m, sh 
725 m. sh 

Abbreviations: s, strong; m, medium; w, weak; b, broad; sh, shoulder; v, very. (1 vNO in free EPNO occurs at 1209 cm-‘.‘O 
a Labelling of vibrational modes of ionic (v,.,) and coordinated (vJ nitrate after Addison and Simpson.“’ c IR inactive. 

Table III. Electronic Spectra of EPNO-Metal Nitrate Complexes 

Complex Medium v,.,, cm-’ (s,,.,) 
Onset of charge 

transfer cm-’ 

[CO(EPNO),(O,NO)I] NujoI mull 
13 x lo-’ it4 in CH,NO, 
+ acetone 

E 
Ni(EPNO)XO,N0)2 

11 
Nujol mull 

CU(EPNO)I(ONO~)~ Nujol mull 
12x lo-’ M in CH,NOI 

[Co(EPNO),(ONG~h] Nujol mull 
2 x lo-‘M in CH,NO> 

[ Co(EPNO)s](NO& 

[ Ni(EPN0)6](NO,h 

[ Cu(EPNO),](NO,)z 

Nujol mull 
42 x lo-’ M in CH,NOz 
Nujol mull 
2.5~ 10 -‘M in CHINOt 
Nujol mull 
5 x lo-’ M in CH,NO, 

29,33Ovs, 19,490s 16,13Osh, 8,140m. 22,700 

18,720 (48.5), 8400 (7.8). 
26,180 s, sh, 15,315 m, b, 13,020 sh,8,330 w. 
13,610 s, b. 
13,480 (125.0). 
27,470 vs, sh, 19,920 s, 19,090 s, sh,l4,660 m, b, 11 ,110 w, b. 
19,305 sh, 18,180 (30.0), 17,990 sh,8,330 (3.0). 
25,975 vs, 19,800 sh, 18,380 s. 15,725 sh, 8,330m. 
18,800 (27.4), 8,590 (3.6). 
25,310 vs. sh, 13,810 m, 12,780 m, 8,000 w, b. 
>26,300 (> 190), 13,930 (20.0) 12,690 sh, 8,410 (15.2). 
13,480 s, b. 
13.810 (144.7) 

23,000 
20,000 
21.300 
22,700 
22.200 
22,700 
22.200 
22,200 
2 1,300 
21,300 
19,600 
2 1,500 

s, strong; m, medium; w, weak: v, very; b, broad; sh. shoulder. 

Table IV. Magnetic Moments at 300°K and Molar Conductivities of lo-‘M Nitromethane Solutions at 24°C of EPNO-Metal 
Nitrate Complexes 

Complex xhlm”” x lo6 yu, BM A,, ohm-’ cm’ mole-’ 

10,075 4.93 13 
Ni(EPN0)2(0,NO)I 3,557 2.93 0 

1,672 2.01 26 
Diamagnetic 23 

CO(EPNO)I(ONO& 8,768 4.58 48 
8,567 4.56 71 
4,770 3.39 72 

Cu(EPNO),](NO,), 1,704 2.03 77 

Q [Ni(EPNO)I(0,N0)2] is insoluble in nitromethane, acetone, alcohols, p-dioxane and halogenated hydrocarbons. 
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distinguishing between mono- and bi-dentate nitrato 
groups in the complexes reported. The bands assi- 
gned to nitrate vibrations in Table II are in agreement 
with the assignments of Addison and Simpson,13a with 
the exception of the v1 (NO stretch) mode of biden- 
tate nitrate. This mode occurs at 1410-1400 cm-’ 
(Tab!e II) in the complexes reported here and at 
1630 cm-’ in Sn(N03)4.13a The high frequency of ‘VI 
in the latter compound and in Ti(N03)a has been 
attributed to the influence of the high oxidation num- 
ber of the metal ion,13 however. In a series of com- 
plexes of trivalent lanthanide nitrates the same vi- 
brational mode has been assigned to a group of bands 
in the 1550-1490 cm-’ region.” It is thus, not sur- 
prising that vI occurs at 1410-1400 cm-’ in the bi- 
dentate nitrato EPNO complexes, in view of the oxi- 
dation state of the met.al ions and the metal to amine 
oxide dn-px back-bonding, which has been establi- 
shed in 3d metal ion (including Zn’+) complexes with 
pyridine N-oxides.” The difference in the IR spec- 
tra of mono- and bi-dentate nitrate observed during 
the present study may be interpreted in terms of dif- 
ferent symmetries of these groups.” In fact, the 
monodentate (C,) and bidentate (Cti) carbonato 
groups are easily distinguishable.18 In many cases a 
C2” symmetry has been established or assumed for 
monodentate nitrato metal compounds.” In the case 
of [ Cu( C5H5N0)2( 0N02)2]2, however, Scavnicar and 
MatkoviE established that the Cu-O-N (nitrato) grou- 
ping forms an angle, and the nitrato group is, there- 
fore, of C, symmetry: 9 

M 

and EPNO in isopropanol.2 A purple oil separated 
after 24 hrs., which yielded a crystalline precipitate 
after 1 day in the refrigerator. 

ICu(EPN0)4l(N0~)2, [Ni(EPN0)61W03h [Co- 
(EPN0)6](N03)2. These complexes were prepared by 
exactly the same method employed for the 2: 1 com- 
plexes, by mixing solutions of ligand and salt in a 
7: 1 molar ratio. Zn(NO,)z yielded the 2: 1 complex 
under these conditions. Attempts to prepare the 
corresponding Mn” complexes by the above synthe- 
tic procedure were unsuccessful. Analyses of the 
new complexes were performed by Schwarzkopf Mi- 
croanalytical Laboratory and are given in Table I. 

Spectral, Magnetic and Conductance Measurements. 
Infrared spectra (Table II), electronic spectra (Ta- 
ble III), magnetic moments and electrical conducti- 
vities (Table IV) of the new complexes were obtained 
as described elsewhere.‘O 

Discussion 

Injrared and Conductance Data. The spectral, ma- 
gnetic and conductance data provide sufficient evi- 
dence for structural assignments. Coordination of 
EPNO to the metal ion through the NO oxygen is 
demonstrated by the negative vN0 shifts (Table II).” 
The IR spectra of the ,new complexes are characteri- 
zed by the absence of water bands. Free EPNO exhi- 
bits a very rich IR spectrum in the 1650-800 cm-’ 
region, as follows (cm-‘): l2 1636 m, 1491 s, 1476 s, 
1448 m, 1398 m, 1292 s, 1209 s (vNO),‘O 1169 m, 1114 
m, 1102 w, 1088 w, 1029 s, 925 s, 855 m, 838 s. De- 
spite this fact, distinction between ionic and coordi- 
nated monodentate and bidentate nitrate groups can 
be easily made from the IR spectra of the EPNO 
complexes (Table II). In the cases of overlap of 
ligand and nitrate vibrations the presence of the 
nitrate band was confirmed by comparison of the 
relative intensity of the absorption in the region exa- 
mined to that of ligand bands unaffected by complex 
formation (e.g. the ligand bands at 1636 and 855 
cm-l)~11.12 

Although distinction between ionic and coordina- 
ted nitrate by means of IR spectroscopy is simple., 
only in some cases differences in the spectra of com- 
pounds with monodentate and bidentate nitrato groups 
have been reported.13,‘4 Ferraro et al. have assigned 
a structure involving bidentate nitrato groups to ,a 
number of lanthanide nitrate-tii-n-butyl phosphate 
complexes on the basis of Raman spectra.” In many 
cases, however, the IR spectrum of the bidentate 
nitrato group exhibits roughly the same frequencies 
to that of the monodentate.16 An interesting feature 
of the present study is, therefore, the possibility of 

(11) S. Kida, 1. V. Quagliano, J. A. Walmsley, and S. Y. Tyree, 
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The EPNO-metal nitrate complexes are formulated 
as follows, on the basis of the IR and conductance 
data: [M(EPN0)2(02N0)2] (M = Co, Ni, Zn); [Cu- 
(EPN0)2(ONO&l; [Co(EPNO)j(ONO&]; [Cu- 
(EPN0)4](N03)2; [M(EPN0)6](NO& (M = Co, Ni). 
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We assign a similar symmetry to the monodentate 
nitrato groups in the complexes of EPNO (Table II). 

The conductances (Table IV) of the 2: 1 EPNO- 
metal nitrate complexes clearly indicate that these 
compounds are neutral, involving only coordinated 
nitrato groups. The 3: 1 Co” complex exhibits a 
partial dissociation in nitromethane (Table IV). Its 
IR and electronic spectra and magnetic moment (Ta- 
bles II-IV) are consistent with a penta-coordinated 
configuration The 4: 1 and 6: 1 complexes behave 
as 1: 1 electrolytes in nitromethane, but their IR 
spectra do not indicate any coordination of Nos. A 
similar behavior has been reported for hexakis-(iso- 
quinoline N-oxide)Ni” nitrate and was attributed to 
the displacement of the amine oxide by nitrate groups 
in solution.’ 
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These formulations are substantiated by the electronic 
spectra and magnetic moments of the complexes (vide 
infra). 

Electronic Spectra and Magnetic Moments. The 
electronic spectra (Table III) of the 2: 1 and 6: 1 Con 
and Ni” complexes clearly indicate an essentially 
octahedral ligand field symmetry for the metal ions. 
A symmetry lower than Oh has been recently esta- 
blished for pyridine N-oxide cationic complexes of 
the type I: MLe12,3+,19 and a similar assignment is made 
for the [M(EPN0)6]*+ (M = Co, Ni) complex ca- 
tions . This assignment is corroborated by the fact 
that the magnetic moments (Table IV) of these com- 
plexes are beyond the limits of the octahedral region 
for Con and Ni”.19 If a pure oh SyrIUIXtry was as- 
sumed for [M(EPNOk]*+, the (d-d) spectral bands 
(in cm-‘) would be assigned as follows (Table 
III): 17aJa [Co(EPNO)J*+: 4T,,(F)-+4T2,(F) 8330, 
4T,,(F)-+4A2,(F) 18,380, 4T,,(F)-+4T&‘) 19,800; 
[ Ni(EPN0)6]*+: 3A2,(F)+3T2,(F) 8000, 3Az#++ 
‘E,(D) 12,780, 3A,,(F)-+3T,,(F) 13,810, 3A2,(F)-+ 
3T1,(P) 25,3 10. On the basis of these assignments, 
the following ligand field parameters are calculated 
for EPNO: toward Co”: Dq = 949 cm-‘, B(Racah 
parameter) = 825 cm-‘; toward Ni”: Dq = 800 
cm-‘, B = 925 cm-‘. The Dq and B values are very 
close, as expected, to those reported for 4-methoxy- 
pyridine N-oxide toward Con 2o and Ni11.17a The 
[M(EPN0)2(02NO)z] (M = Co, Ni) complexes exhi- 
bit magnetic moments within the octahedral region 
for Co” and Ni”, and are, thus, assigned a symmetry 
closer to pure oh than that of the [M(EPNO),]*+ 
complexes. A similar symmetry is assigned to [Zn- 
(EPNO)l( OzNO)z]. The formation of [ Cu( EPNO),]‘+ 
was anticipated, since cationic complexes of this type 
are formed with all substituted pyridine N-oxides.21 
Only the unsubstituted pyridine N-oxide forms both 
CCu(CsHsNOhl*+ and [CU(CSHSNO)~]*+.~~,~ [Cu- 
(EPNO).#+ is assigned a distorted planar structure.” 
This complex cation is most probably monomeric, 
since it exhibits one (d-d) band (Table III) at some 
1500 cm-’ higher in energy than that reported for 
[ CU(CSH~NO)Y~*+ .‘.” 

[ Cu(EPN0)2(0NO&] exhibits the (d-d) band at 
13,610 cm-’ in the solid state spectrum and at 
13,480 cm-’ in nitromethane (Table III). The di- 
merit [ CU(GHSNO)~(ONO&]~, which involves pen- 
tacoordinated Cu” shows the following bands (cm-‘) 
in the same region:3 solid state: 13,890, 11,760; 

(19) W. Byers, A. B. P. Lever, and R. V. Parish, ibid., 7, 1835 
(1968). 

(20) R. Whyman, W. E. Hatfield, and J. S. Paschal, Inorg. Chim. 
Acta, I, 113 (1967). 

(21) R. G. Garvey, J. H. Nelson, and R. 0. Ragsdale, Coordin. 
Chem. Rev., 3, 375 (1968). 

(22) R. L. Carlin, 1. Amer. Chem. SOL, 83, 3773 (1961). 

in CHJCN 11,430; in N,N-dimethylformamide 12,900. 
The electronic spectrum of [ CU(EPNO)Z(ONO&] 
is, thus, in favor of a monomeric structure, involving 
an essentially planar symmetry.” [ Co( EPNO)l- 
(ON02)2] exhibits a solid state electronic spectrum 
and magnetic lmoment characteristic of high-spin 
pentacoordinated Con compounds.lO*lq~~ The differen- 
ces in the (d-d) band positions in the spectra of this 
complex and [CO(EPNO)S]*+,‘~ may be attributed to 
a change in the ligand-field symmetry14 arising by sub- 
stitution of IWO EPNO molecules with two nitrato 
groups. In solution, this complex is dissociated, as 
indicated by its conductance which is intermediate 
between those of a c( non w and a 1: 1 electrolyte 
(Table IV), yielding a hexacoordinated Co” species 
(Table III). Finally, the electronic spectra of the 
Co”, Ni” and Cu” complexes exhibit the characteri- 
stic charge-transfer bands, which invariably occur 
in pyridine N-oxide complexes with metal perchlora- 
tes, nitrates and halides.3,“,2s These bands have been 
recently interpreted in terms of metal-to-ligand char- 
ge transfer (&+n;* transitions in Fen, Co” and Ni” 
complexes and eg+7c* transitions in Mn” and Cu” 
complexes).25 The onset of the charge transfer bands 
in the complexes reported is given in Table III. 

In conclusion, a number of complexes of EPNO 
with 3d metal nitrates were synthesized and charac- 
terized during the present work. The IR spectra 
of these complexes allow distinctions between mono- 
and bi-dentate nitrato groups, as well as ionic nitrate. 
The fact that the spectra of mono- and bi-dentate 
nitrato groups are distinguishable has been interpre- 
ted in terms of C, symmetry, involving bent M-O-N 
groupings, for the monodentate, and Czv symmetry 
for the bidentate nitrate. Co” and Ni” nitrates yield 
cationic complexes of the type [M(EPNO)s]*+, while 
the corresponding perchlorates form [M(EPNO)s]2+ 
complexes .l” It appears that pyridine N-oxides may 
generally yield crystalline complexes with metal salts 
in various ligand to metal ratios, and the type of com- 
plex stabilized in the crystalline state depends on 
the synthetic procedure. In support of this state- 
ment is the fact that complexes of metal halides with 
pyridine N-oxides in ligand to metal ratios varying 
between 0.5: 1 and 6: 1 have been reported.1,2,21,26 Fur- 
ther, in addition to the 2: 1 and 6: 1 complexes of 
EPNO with Co(N03)2, which are analogous to the 
corresponding GHsNO complexes,3 a 3: 1 EPNO- 
Co(NG3)2 complex was also isalated during this 
study. 
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