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line width variation with M\ is not significant. 
Inspection of the equation derived by Kivelson19 

showed that these observations are consistent 
with small anis >tropies in the g-tensor and in the 
hyperfine interaction tensor. I t will be interesting 
to make line vidth measurements on (7T-C6H6)I-
VCIj at the K-band frequency to bring out signifi
cant line width dependence on nuclear orientation. 

The e.s.r. spectra of (Tr-C6H6^V(C8H5) and (jr-
C6Hs)2V(C6H4CH3) have line-widths of 1000 gauss. 
The ground state of V(III) is 3F2. The seven-fold 
orbital level is split by a cubic field to r4, T6 and 
T2 states, the first being the lowest. No room 
temperature V(III) spin resonance has been re
ported before. Jarrett2 was not able to observe 
the spin resonance in tris-(acetylacetonato)-V(III) 
at liquid nitrogen temperature. The e.s.r. spec
trum of tris-(acetylacetonato)-Ti(III) was readily 
observed under similar experimental conditions. 
He concluded that in V(III) the orbital degeneracy 
of the F4 state was not lifted by the axial field. 
Lambe and Kikuchi20 reported that in a-Al203) 
the spin resonances of V(II) and V(IV) were ob
tained at room temperature but the spin resonance 
of V(III) was obtained only at 40K. Here, the 
crystalline field was primarily trigonal. 

The symmetries in (7r-C&H6)2V(C6H6) and in 
(Tr-C6Hs)2V(C6H4CH3) are lower than C2v. These 
compounds gave the first observed room tempera
ture e.s.r. spectra of V(III). While the line width 
in the spectrum of (x-C6H6)2Ti(C2H6) is only 20 

(19) D. Kivelson, J. Chem. Pkys., S3, 1094 (1960). 
(20) J. Lambe and C. Kikuchi, Phys. Rev., 118, 71 (1960). 

Introduction 
As a logical extension of previous work on the 

donor properties of substituted phosphine1 and 
arsine2 oxides, we wish to report now the results 
of a study of the ability of pyridine N-oxide to 
behave as a ligand. 

We find only three prior pyridine N-oxide 
adducts, the hydrochloride,2 a 1:1 adduct with 
SO3,

4 and the hexakis-(pyridine N-oxide)-cobalt-
(II) tetracarbonylcobaltate(—I).6 However, it 

(1) J. C. Sheldon and S. Y. Tyree, J. Am. Chem. Soc, 80, 4775 
(1958). 

(2) D. J. Phillips and S. Y. TyTee, ibid., 83, 1806 (1901). 
(3) J. Meisenheimer, Ber., 89, 1848 (1926). 
(4) P. Baumgarten and H. Erbe, ibid., 71, 2603 (1938). 
(6) G. Franz, Dissertation, Techniscbe Hochschule Munich, 1959. 

gauss, the line widths in the spectra of (7r-C6H6)2V-
(C6H6) and (Tr-C6Hn)2V(C6H4CH3) were about 1000 
gauss. The difference is partly attributable to 
the difference in the spin-orbit coupling coefficient 
for Ti(III) and V(III), the values21 are 154 and 
217, respectively. Van Vleck11 showed that the 
paramagnetic relaxation time is inversely pro
portional to the square of the spin-orbit coupling 
coefficient. The small coupling coefficient in 
Ti(III) leads to long relaxation time and narrow 
e.s.r. line width. 

Others have also noticed the dependence of e.s.r. 
line widths upon field symmetry. Pake and Sands22 

obtained a narrow e.s.r. spectrum in aqueous solu
tion of VOSO4. The resonance disappeared when 
the solution was made alkaline. These authors 
attributed this disappearance to the formation of 
complex ions in which the field about the V(IV) 
ion is more symmetrical. 

This work points out the importance of sym
metry considerations in e.s.r. studies. Lack of 
success in observing e.s.r. absorption in a transi
tion metal compound may be remedied by lowering 
the symmetry of the molecule by changing the 
number or the type of the ligands or both. 

Acknowledgments.—The authors appreciate 
helpful discussions with Dr. H. S. Jarrett of the 
du Pont Company and Dr. A. D. Liehr of the Bell 
Telephone Laboratories. 

(21) B. N. Figgis and J. Lewis, "Modern Coordination Chemistry," 
lnterscience Publishers, Inc., New York, N. Y., 1960, Chap. 6. 

(22) G. E. Pake and R. H. Sands, Phys. Rev., 98, 266 (1955). 

is our understanding that two adducts with zinc 
chloride have also been prepared.6 

Experimental 
Reagents.—Reagent or analytical grade chemicals were 

used without further purification except in the cases noted. 
Pyridine N-oxide was prepared once by the method of 

Ochiai.7 Other samples were obtained from Reilly Tar 
and Chemical, and K and K Chemical laboratories. All 
samples were purified by vacuum distillation, collecting 
the fraction distilling between 125 and 130° at 8 mm. 

N,N-Dimethylfonnamide ( D M F ) was purified by a 
modification of Method I of Rochow.8 

(6) Sister M. F.llen Dolores Lynch, C.S.C., Dunbarton College of 
Holy Cross, Washington, D. C , private communication. 

(7) E. Ochiai, / . Org. Chem., 18, 548 (1953). 
(8) A. B. Thomas and E. G. Rochow, J. Am. Chem. Snc. 79, 1843 

(1957). 
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The coordination chemistry of pyridine N-oxide with a variety of acceptors has been investigated. The new substances 
Co(C104).-6L, Co(NOs)2-OL, CoCl2-3L, CoCl2-L-H2O, Ni(C104)2-6L, NiCl2-L-H2O, NiBr2-OL, N i I r 6L , NiBr2-L-H2O, Cu-
(C104)2-4L, Cu(NO,)2-2L, CuCl2-L, CuCl2-2L, Zn(C104)2-6L, ZnCl2-2L, Zn(N0,)2-6L, Fe(C104)2-6L, Fe(C104)3-6L, and 
SnBr4-2L (where L = pyridine N-oxide) have been isolated and characterized by molecular conductance measurements in 
non-aqueous solvents, magnetic susceptibility measurements and infrared spectra. All of the perchlorates and some of 
the nitrates and halides have only the pyridine N-oxide in the first coordination sphere. However, in some cases, both 
nitrates and halides are coordinated to the central ion. 
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Th'- specific conductance of the purified solvent was 
found lobe 3.40 X 10 7ohm " ' c m . ' 1 . 

Tin* IV) bromide was obtained from student preparations 
and redistilled; b.p. 208° at 750 mm.; lit. value9207°. 

Nickel(II) bromide and nickel(II) iodide were prepared 
by dehydrating NiBr8OH2O and NiI5-OHjO over P2O. 
in vacuo. 

Zinc nitrate was prepared by dehydrating Zn(NOi)2-
6H2O over T2O5 in vacuo. Analyses. Nitrogen analyses 
were done by the Dumas method on a semimicro scale. 
Halogen analyses were done by direct titration of the aqueous 
solutions of some complexes. In some cases gravimetric 
determinations as AgCl were made. Metal analyses were 
done as outlined previously2 or by electroplating techniques.10 

Carbon and hydrogen analyses were performed by the 
Schwarzkopf Microanalytical Laboratory, Woodside, New 
York, and Weiler and Strauss, Oxford, England. 

Preparation of the Complexes.—Ethanol solutions of 
anhydrous metal halides or of the metal salt hydrates were 
added to ethanol soutions of pyridine N-oxide. In some 
cases immediate crystallization ensued. In other cases it 
was necessary to place the solutions in the refrigerator over
night to obtain crystals. In still other cases acetone was 
added until a cloudiness or slight precipitation was ob
served, when the mixture was placed in the refrigerator. 
In some few cases it was necessary to evaporate the solu
tions almost to dryness to get incipient crystallization. 
In all cases the crystals were filtered, washed with ethanol 
and either acetone or ether, and finally dried in vacuo over 
P2Os or CaCl2. Some of the complexes were obtained by 
two or more techniques. In general, the complexes are 
more soluble in methanol than in ethanol. Consequently, 
some of the less soluble complexes were recrystallized from 
the former solvent. The detailed preparations which follow 
are typical. 

Hexakis-( pyridine N-oxide )-cobalt( II) Perchlorate.—A 
solution of 1.0 g. (2.7 mmoles) of Co(C104)2-6H20 in 50 ml. 
of ethanol was added to one of 1.3 g. (14 mmoles) of the 
ligand in 50 ml. of ethanol. The pale pink, finely divided 
precipitate which formed was washed and dried as de
scribed above. Mixing of the reactants in mole ratios of 
more or less than 1:6 gave only the same product. Anal. 
Calcd. for [Co(C6HsNO)6](C10,)2: Co, 7.11; C, 43.49; 
H, 3.65. Found: Co, 7.05; C, 43.30; H, 3.90. 

Hexakis-(pyridine N-oxide)-cobalt(II) Nitrate.—The com
plex was prepared by the same method used for the preceding 
complex, using Co(N02)2-6H20 as starting material. The 
product was large, dark red crystals. Anal. Calcd. for 
[Co(C5H1NO)4](NOs)2: Co, 7.82; C, 47.81; H, 4.01. 
Found: Co, 7.97; C, 48.07; H, 4.31. 

The Green Complex Formed by CoCl2.—A dark green 
powder precipitated when ethanol solutions of CoCl2 6H2O 
and the ligand were mixed in mole ratios of 1 to 3. The 
same result is obtained using anhydrous CoCl2 as the 
starting material. Anal. Calcd. for C O ( C S H S N O ) 3 C I 2 : 
Co, 14.20; C,43.39; H ,3 .64 ; N, 10.36; Cl, 17.08. Found: 
Co, 13.97; C, 43.15; H, 3.76; N, 9.64; Cl, 17.72. 

The Violet CoCl2 Complex.—One g. (2.4 mmoles) of the 
preceding preparation was dissolved in a minimum quantity 
of ice-cold water. The green solution turned red quickly. 
A large quantity of 9 5 % ethanol was added to the red solu
tion. A light violet powdered product formed overnight in 
the refrigerator. 

The same product was obtained directly by the mixing 
of methanol solutions of CoCl2-6H20 and the ligand in a 
mole ratio of 1:1. I t was necessary to add acetone to the 
methanol solution and store in the refrigerator overnight 
to obtain the violet crystals. Recrystallization from 
methanol was accomplished by the addition of acetone. 

An identical product can be obtained from ethanol upon 
mixing the reagents in a mole ratio of 1:1. Anal. Calcd. 
for Co(C5HsNO)Cl2-H2O: Co, 24.36; C, 24.71; H, 2.91; 
Cl, 29.19; N, 5.77. Found: Co, 24.03; C, 25.45; H, 
3.06; Cl, 28.92; N, 5.58. 

Hexakis-(pyridine N-oxide>-nickel(II) Perchlorate.—The 
finely divided greenish-yellow crystals were prepared in 

(9) L. L. QuUl, Ed., "The Chemistry and Metallurgy of Miscellane
ous Materials," McGraw-Hill Book Co., New York, N. Y., 1950, p. 
205. 

(10) W. F. Hlllebrand and G. E. F. Lundell, "Applied Inorganic 
Analysis," 2nd Ed., John WiIeV and Sons, Inc., New York, N Y., 
1953. 

the manner used for the corresponding Co(II) compound, 
starting with Ni(ClO4VeH2O. I t was found that the same 
product was obtained regardless of the mole ratio in which 
solutions of the reactants were mixed. Anal. Calcd. for 
[Ni(C8HsNO)6](ClO,),: Ni, 7.09; C, 43.50; H, 3.65. 
Found: Ni, 7.17; C, 43.30; H, 3.71. 

The Yellow NiCl2 Complex.—Ethanol solutions of NiCl2" 
6H2O and the ligand were mixed in the mole ratio of 1:1. 
A light yellow powdery precipitate separated upon the addi
tion of acetone. The product was recrystallized from 
methanol by the addition of acetone. Anal. Calcd. for 
Ni(CsH,NO)Cl,-H20: Ni, 24.18; C, 24.74; H, 2.91. 
Found: Ni, 24.11; C, 25.21; H, 3.07. 

Hexakis-(pyridine N-oxide)-nickel(II) Bromide.—An eth
anol solution of 2.7 g. (29 mmoles) of the ligand was added 
to an ethanol solution of 1 g. (4.6 mmoles) of NiBr2. The 
resulting solution was evaporated under vacuum at about 50° 
to incipient crystallization. A crop of light green crystals 
was obtained at room temperature. Anal. Calcd. for [Ni-
(CsHsNO)8]Br2: Ni, 7.44; C, 45.66; H, 3.83. Found: 
Ni, 7.39; C, 45.45; H, 4.13. 

Hexakis-(pyridine N-oxide)-nickel(II) Iodide.—The com
plex was prepared in the manner described for the pre
ceding complex, starting with NiI2. Anal. Calcd. for [Ni-
(C6HsNO)6]I2: Ni, 6.65; C, 40.80; H, 3.42. Found: 
Ni, 6.98; C, 41.04; H, 3.44. 

The Brownish-yellow NiBr2 Complex.—The product was 
obtained by the method used to obtain the yellow NiCl2 
complex, using NiBr2-6H2O as the starting material. Anal. 
Calcd. for Ni(CsIIsNO)Br2-H2O: Ni, 17.70; C, 18.11; 
H, 2.13. Found: Ni, 17.73; C, 18.57; H, 2.25. 

Tetrakis-(pyridine N-oxide)-copper(II) Perchlorate.— 
Ethanol solutions of Cu(C104)2-6H20 and the ligand reacted 
to give the same dark green crystalline product regardless 
of the mole ratio of reactants. Anal. Calcd. for [Cu-
(C5HsNO)4](C104)2: Cu, 9.88; C, 37.37; H, 3.14. Found: 
Cu, 9.87; C, 37.27; H, 3.06. 

The Blue-green Cu(NOj)2 Complex.—Ethanol solutions 
of Cu(N03)2-3H20 and the ligand were mixed. The re
sulting blue-green solution yielded crystals upon standing 
at room temperature for several days. Anal. Calcd. for 
C U ( C 5 H S N O ) J ( N O S ) 2 : C U , 16.82; N, 14.83. Found: 
Cu, 16.65; N, 14.94. 

The Chartreuse CuCl2 Complex.—The product precipi
tated immediately upon mixing ethanol solutions of CuCl2-
2H2O and the ligand in a mole ratio of 1:1. Anal. Calcd. 
for Cu(CsH6NO)Cl2: Cu, 27.68; C, 26.16; H, 2.20; Cl, 
30.89; N, 6.10. Found: Cu, 28.39; C, 20.52; H, 2.30; 
Cl, 30.05; N, 6.00. 

The Yellow CuCl2 Complex.—The product precipitated 
immediately upon mixing ethanol solutions of CuCl2-2HsO 
and the ligand in a mole ratio of 1:2. Anal. Calcd. for 
C U ( C S H S N O ) 2 C I 2 : C U , 19.57; C, 36.99; H, 3.10. Found: 
Cu, 19.05; C, 37.20; H, 3.44. 

Bis-(pyridine N-oxide)-dichlorozinc.—The complex 
formed immediately when ethanol solutions of ZnCl2 and 
the ligand were mixed in the mole ratio of 1:2. The same 
white complex was obtained when excess ligand was used. 
Anal. Calcd. for [Zn(CsHsNO)2Cl2]: Zn, 20.03; C, 36.79; 
H, 3.09. Found: Zn, 19.51; C, 36.95; H, 3.19. 

Hexakis-(pyridine N-oxide)-zinc Perchlorat3.—Two g. 
(5.5 mmoles) of Zn(C!04)2-6H20 in 50 ml. of methanol was 
added to 2 g. (21.5 mmoles) of the ligand in 30 ml. of 
methanol. White crystals formed slowly. Recrystalli
zation was effected by dissolving the crystals in a minimum 
of water, clarifying the solution with activated charcoal 
and adding acetone. Although the reactants were mixed in 
a mole ratio of 1:4, a six-coordinate complex was obtained. 
The same product was prepared by mixing the reactants in 
a mole ratio of 1:6. Anal. Calcd. for [Zn(C5HsNO)6]-
(ClO4J2: C, 43.16; Zn, 7.83; H, 3.62. Found: C, 43.56; 
Zn, 8.24; H, 3.81. 

Hexakis-(pyridine N-oxide)-zinc Nitrate.—An ethanol 
solution of 1 g. (5.3 mmoles) of Zn(NOs)2 was added to an 
ethanol solution of 2.1 g. (22 mmoles) of the ligand. Evapo
ration under vacuum at 50° almost to dryness was neces
sary to obtain the white crystals. Anal. Calcd. for [Zn-
(C,H8NO)s](NOs)s: Zn, 8.60; C, 47.48; H, 3.98. Found: 
Zn, 8.42; C, 47.46; H, 3.74. 

Hexakis-(pyridine N-oxide)-iron(II) Perchlorate.—A 
methanol solution of the ligand was added to a methanol 
solution of Fe(C104)2-6H20 in the mole ratio of 6 : 1 . The 
dark red crystals separated upon standing overnight in the 
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refrigerator. Anal. Calcd. for [Fe(C6H6NO)8](ClO4),: C, 
43.65; H, 3.66. Found: C, 43.91; H, 3.76. 

Hexakis-(pyridine N-oxide )-iron(III) Perchlorate.—The 
yellow crystals were prepared by a method similar to that 
used for the preceding compound, starting with the cor
responding iron(lll) salt. Anal. Calcd. for [Fe(C8H6NO)6]-
(ClO*).,: C, 38.96; H, 3.27; N, 9.02. Found: C, 39.34; 
H, 3.56; N, 8.88. 

Bis-(pyridine N-oxide)-tetrabromotin(IV).—Ethanol 
solutions of tin(IV) bromide and the ligand were mixed in 
several ratios. In each case the white complex precipitated 
immediately. Anal. Calcd. for [SnBr4(C8H6NO)J]: Sn, 
18.88; N, 4.46. Found: Sn, 17.37; N, 4.38. 

Conductance and magnetic susceptibility measurements 
have been described in the previous paper.2 It was found 
that most of the above substances were insufficiently soluble 
in either nitrobenzene or nitromethane to use either as the 
solvent for the conductivity measurements. AU were suf
ficiently soluble in DMF to give approximately Jlf/1000 
solutions. 

Absorption Measurements.—Infrared spectra of all sub
stances were taken with a Perkin-EImer Model 221 record
ing spectrophotometer equipped with a sodium chloride 
prism. Spectra of the solid complexes were obtained 
by means of the potassium bromide disk technique and 
checked by measurements in Nujol mulls. 

Results 
The new complexes are listed in Table I together 

with some of their physical properties. Only the 
NO stretch frequencies are listed from the infrared 
spectra; the detailed assignment of all absorption 
bands together with the necessary spectra will be 
the subject of a later communication. The molar 
conductances are for approximately M/1000 solu
tions, the exact concentration for each measurement 
being tabulated in the last column of Table I. 
Some of the variation in molar conductances within 
electrolyte types can be accounted for by the 
fact that some of the values are for concentrations 
as low as 0.80 X 1O-8 M while others are for solu
tions as concentrated as 2.0 X 1O-8 M. Sears 
and co-workers11 measured the conductances of a 
number of 1:1 electrolytes in DMF at 25° over a 
range of concentrations. We determined the 
equivalent conductance of tetramethylamrnonium 
bromide in DMF at 25° and at a concentration of 
1.12 X 1O-3 M to be 84.4 ohm.-1 cm.2 mole"1. 
The corresponding value obtained by Sears, et al., 
estimated from Fig. 1 of their paper, is 85. Molar 
conductances of the zinc perchlorate adduct were 
measured at three concentrations to estimate the 
effect of concentration upon the values reported 
in Table I. In addition, molar conductances of 
one other 2:1 complex and one other 3:1 complex 
were measured. The results are listed in Table 
II. 

Discussion 
The frequencies of the NO band in the several 

+ 2 metal complexes appear to fall into two groups, 
those observed at or near 1220 cm._ ) and those ob
served at or near 1205 cm. -1 . These two are 20 
and 35 cm."1 lower than 1243 cm. -1 , the value we 
assume due to the NO absorption in the free ligand 
(in mull) spectra.12 The population of the group 
at 1220 cm. - 1 consists exclusively of those com
plexes in which the pyridine N-oxide is the only 
ligand in the first coordination sphere of the 
central ion (some of these show a small splitting 
of about 10 cm. - 1) . The population of the group 

(11) P. O. Sears, rl al., J. Fhys. Chem., 69, 373 (1955). 
(12) G, Sartori, el al., Gan. chim. UaL, 85, 108S (1955). 

Compound 

C6H6NO = L 
[CoL9](ClO4), 
[CoL1](NO,), 
CnLjCl 2 

CoLCl2H2O 
[NiL6](ClOO5 

NiLCl2H2O 
[NiL6]Br2 

[NiL6]I2 

NiLBr2H2O 
[CuL4](ClO4), 

CuL2(NOj)2 

CuL2Cl2 

CuLCl2 

[ZnL2Cl2] 

[ZnL6](ClO4)J 
[ZnL6] (NO1)* 
[FeL6](C104)2 

[FeL6](ClO4)J 
[SnBr4-2L] 

NO 
frequency, 

cm. _1 

1243 
1219 
1220 
1220 
1202 
1219 
1208 
1220 
1212 
1218 
1202 
1215 
1205 
1205 
1223 
1206 
1203 
1209 
1205 
1221 
1224 
1218 
1209 
1192 

TABLE I 

neB. 

4.69 
4.77 
4.75 
4.75 
3.30 
3.21 
3.28 

3.16 
1.62 

1.89 
0.63 

0.85 

5.40 
5.90 

Am 
ohm - 1 cm.3 

mol. - 1 

144 
151 

30.2 
28.7 

175 
42.9 

116 

138 
132 
155 

133 
15.9 

25.4 
7.0 

166 

166 
249 

23.9 

Concn., 
mraole I . - ' 

1.12 
0.97 
0.97 
1.03 
0.83 
1.21 
1.31 

1.73 
0.94 
1.21 

0.98 
2.02 

0.94 
2.91 

0.28 

0.94 
.92 
.99 

TAHLB W 

Clnpd. 

IZn(C6H6NO)6](ClO4), 
[Zn(C6H6NO)6](ClO4), 
[Zn(C6H6NO)6](C104)2 

[Co(C6H6AsO)4](ClO4), 
[Fe(CH6AsO)1](ClO4), 

Concn.. 
Af X 10> 

0.28 
0.92 
1.42 
0.51 
0.85 

Ani 
ohm - 1 cm.2 

mole"1 

166 
161 
149 
165 
255 

" We conclude that 1:1 complexes exhibit conductances 
in DMF at 25° downward from 85, those of 2:1 complexes 
are in the range 140-170, and those of 3:1 complexes are 
in the range 200-260. 

at 1205 cm. - 1 consists of complexes in which pyri
dine N-oxide and another ligand (H2O, halide or 
nitrate) make up the first coordination sphere of 
the central ion. 

Of the nitrate complexes in this report we believe 
that NOa - complexing occurs in the copper case 
only. Very strong bands were observed at 1292 
and 1019 cm. - 1 in the infrared spectrum of Cu-
(CSH 6NO)J(NOS)I , which we feel correspond to the 
Di and U2 absorptions, respectively, of the co
ordinated nitrate group.13 In addition, the pres
ence of the vt absorption is indicated by a high 
frequency shoulder on the band at 1470 cm. - 1 

which is already broadened by the rough super
position of the pyridine ring deformation upon the 
background Nujol absorption. Ionic N O 3

- ab
sorptions only were observed among the other 
nitrates. 

I t is clear from the conductivity data that the 
nitrates and perchlorates all behave as strong elec
trolytes. In addition, the hexakis-(pyridine N-
oxide)-nickel(II) bromide and iodide dissolve as 
2:1 electrolytes. Even the Cu(C6H6NO)2(NOa)2 
behaves as a 2:1 electrolyte in DMF, despite the 
inference from its infrared spectrum that in the 

(13) Gatehouse, et al., J. Chem, Soc, 613 (1960). 
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solid state the nitrates are coordinated to the 
copper(II) ion. This result can only mean that 
DMF solvent molecules are able to displace the 
nitrate ligands. Such is not the case for the chlo
ride complexes. While the molar conductances of 
these latter vary from 7.0 for Zn(C6H6NO)2Cl2 
to 42.9 for Ni(C6H5NO)CVH2O, it is obvious that 
some chloride coordination persists even at the 
dilutions used for the conductivity measurements. 
Rather obviously, the bromide ion is easily dis
placed by solvent from Ni(C6H6NO)Br2-
H2O. 

The magnetic moments, each calculated from 
replicate measurements at one temperature (25°), 
fall well within the range of values usually obtained 

The affinity of pyridine N-oxide for protons has 
been demonstrated. The equilibrium constant 
for proton donation by the conjugate acid in aque
ous solution has been measured,1 yielding a pK& 
of 0.79, and the determination2 of the crystal 
structure of the hydrochloride and hydrobromide 
of pyridine N-oxide indicates the presence of the 
C6H6NOH+ ion. 

Recent interest in the donor properties of cova-
lent molecular oxides has led us to extend these 
studies of the basicity of pyridine N-oxide by in
vestigating its reactions with transition metal ions. 
We mention specifically the related work of Cotton 
and Bannister3 on complexes of transition metal 
ions with triphenylphosphine oxide, as well as the 
similar complexes which have been prepared4'5 

containing dimethyl sulfoxide as a ligand. An 
indication of the basicity of pyridine N-oxide, 
relative to these molecules acting as donors, may 
be obtained by a comparison of the dipole moments 
of the three molecules: 4.24 D. for pyridine N-oxide6 

and 4.28 and 3.9 D., respectively, for triphenyl
phosphine oxide7 and dimethyl sulfoxide.4 In 
each case, since the oxygen atom is the negative 
end of the dipole, one would expect facile formation 
of complexes wi<h transition metal ions. It has 
been shown that (C6H6)SPO bonds to metal ions 
through the oxygen atom8 but that (CH3)2SO, 

(1) H. H. Jaffeand G. O. Doak, J. Am. Chem. Soc, 77,4441 (1955). 
(2) Y. Namba, T. Oda, H. Ito and T. Watanabe, Bull. Chem. Soc. 

Japan, S3, 1618 (I960). 
(3) F. A. Cotton and E. Bannister, J. Chem. Soc, 1873 (1960); 

E. Bannister and F. A. Cotton, ibid., 1878 (1960). 
(4) F. A. Cotton and R. Francis, J. Am. Chem. Soc, 82, 2986 (1960). 
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for the ions concerned, except in the case of Cu(II). 
The values tabulated for CU(C 5 HSNO)CIJ and 
Cu(C6H6NO)2Cl2 are obviously low, indicative 
of insufficient magnetic dilution of individual ions. 
The values for the other two copper(II) complexes 
are normal. 

Our reluctance to use brackets, [], to indicate 
structural entity for seven of the metal complexes 
listed in Table I merely indicates that we retain 
considerable doubt as to several possible, reasonable 
structures based upon the colors, magnetic proper
ties and solute behavior. 
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although it usually forms an M-O bond, occasion
ally bonds through the sulfur atom as well.9 In 
the present instance, we would expect pyridine 
N-oxide to coordinate only through the oxygen 
atom. 

Previous investigations involving donation by 
amine oxides are limited to studies10 on the re
action of trimethylamine oxide with several 
Lewis acids (BF3, SiCU) and some recent studies" 
on the complexes of adenine and adenosine 1-N-
oxides with metal ions. 

Experimental12 

Reagents.—Pyridine N-oxide was obtained commercially 
and purified by vacuum sublimation. All the salts and sol
vents used in the preparation of complexes were of reagent 
grade. 

Visible spectra were obtained with a Beckman Model 
DK-I recording spectrophotometer. 

Preparation of the Complexes.—All compounds reported 
here were prepared simply by adding a warm methanolic 
solution of pyridine N-oxide to a similar solution of the ap
propriate hydrated metal perchlorate. In each case, crys
tals of the complex precipitated on cooling. The com
pounds prepared to date are listed in Table I . The forma
tion of the complex of chromium(III) was hastened by boil
ing the solution for a short time. Note the preparation of 
two different complexes of the cupric ion; these were pre
pared simply by varying the stoichiometry of the reactants. 
AU of the complexes were dried in vacuo at 60°. They are 
readily soluble in acetonitrile. Visible spectra are sum
marized in Table I I . 

Discussion 
Work thus far has been limited to the complexes 

formed by metal perchlorates; this has simplified 

(D) F. A. Cotton, R. Francis and W. D. Horrocks. Jr., / . Phys. 
Chem., 64, 1534 (1960). 

(10) A. B. Btirg and J. H. Bickerton, / . Am. Chem. Soc, 67, 2261 
(1945). 

(11) D. D. Perrin, ibid., 82, 5642 (1960). 
(12) All analyses are by Dr. S. M. Nagy of the Massachusetts In

stitute of Technology. Some difficulty was encountered in the analyses 
of several of the reported compounds because of their explosive nature. 
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The preparation and characterization of several complexes containing pyridine N-oxide as a ligand are reported. In each 
case, the metal ion attains its maximum coordination number. The chemical effects of a charge transfer band in these 
complexes near the visible region are discussed. 


