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From the reaction mixture of diamminebis(salicylideneaminato)cobalt(III) complex, [Co-

HN=HC
( O)Z(NHS)Z]CI‘HZO (1) and 60% nitric acid, radical diamminebis(5-nitrosalicylideneaminato)-
O HN=HC O,
cobalt(III) complex, [Co( )2(NHj3)2]C1- NO3 - 2H,0 (2), and biradical diamminebis(5-
0 HN=HCONOZ
nitrosalicylideneaminato)cobalt(II) complex, [Co( )2(NH3),]C1- NO3 - 2H,0 (3), have been
o

isolated and characterized by analytical, magnetic, spectroscopic, and XPS methods. The effective magnetic
moments of 2 and 3 were 1.7 and 5.5 BM, respectively. In the IR spectrum of 2, a band due to the rocking
deformation vibration of NH; was observed at ca. 840 cm™!. The absorption spectra of 2 and 3 showed a strong
absorption peak at ca. 690 nm. In the XPS, Co 2p spectra for 3 showed strong satellites, indicating the oxidation
number of the cobalt to be +2, whereas no satellites were observed for the other complexes. In comparison with

. HN=HC NO,
diamagnetic cobalt(III) complex, [Co( )2(NHj3),]NO3 - H,O (4), C 1s spectra for 2 and 3

showed much larger shoulders on the higher binding energy side due to the electron-poor carbons. It suggests
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the presence of an unpaired spin on ligands in accordance with paramagnetism of the complexes.

Previous paper of this series was concerned with the
preparation, properties and electronic state of radical
tetraammine(5-nitrosalicylideneaminato)cobalt(III)

HN=HC NO.
complex,? [Co( J(NH3) X5 (X

0]
Cl,-NOj3, (NOs)3). The effective magnetic moment is
1.7 BM, suggesting an unpaired spin. An unpaired
spin on the complex is not located on the cobalt atom,
but is located over the m-orbitals of the chelated ligand
of the complex judging from the physicochemical
results.

In the same series of experiments, we have al-
ready isolated new paramagnetic cobalt complexes
from the reaction mixture of 60% nitric acid and
diamminebis(salicylideneaminato)cobalt(III) complex,

HN=HC

@)Z(NH3)2]C1 \H,0. However, the
o

explanation of the electronic states of the new com-
plexes was deferred, because the magnetic properties
and XPS data were not parallel to those of the radical
tetraammine(5-nitrosalicylideneaminato)cobalt(III)
complex. In the present paper, we present the
electronic state and structure of the new para-
magnetic complexes as radical diamminebis(5-
nitrosalicylideneaminato)cobalt(III) complex, [Co-

HN-HC NO,
( )2(NH3)2]C] . NO3 . 2H20, and

(@)
biradical diamminebis(5-nitrosalicylideneaminato)-

[Co(

cobalt(II) complex,

HN=HC NO,
[Co( O -
(@)
(NHj;),]Cl- NO;3 - 2H,0, and report the preparation
and properties of them.

Experimental

Measurements. The 'H NMR spectra were recorded with
an R-40 apparatus (Hitachi). The IR spectra were recorded
in potassium bromide disks with an 270-30 apparatus
(Hitachi). The visible absorption spectra were recorded with
a Shimadzu UV-210 recording spectrophotometer. The mag-
netic susceptibilities were measured by the Faraday method
using a magnetic balance (Shimadzu) from liq. N, to room
temperature. The electric conductivities of aqueous solu-
tions were determined by the use of a conductometer, CM-30
(Shimadzu) at room temperature. The XPS measurements
were carried out in the same manner as described in the
previous paper.?

Preparation of Complexes. Radical Diamminebis(5-
nitrosalicylideneaminato)cobalt(IIT) Chloride Nitrate
Dihydrate (2): Twelve cm? of 60% nitric acid were added,
drop by drop, to 3 g (7.76 mmol) of trans,trans,trans-diam-
minebis(salicylideneaminato)cobalt(III) chloride hydrate®
(1). The reaction proceeds with violence. A green crystalline
precipitate (complex 2) was collected by filtration. From the
green filtrate, complex 3 (described below) was isolated.
The complex 2 on a filter funnel was washed with 60% nitric
acid (about 3 cm?), with acetone and ether, and dried. Yield:
1.42 g (32.9%). Found: C, 30.42; H, 3.43; N, 18.05; Cl, 5.81%.
Calcd for CoCy4HyoN;0,,Cl (MW 556.75) C, 30.20; H, 3.62;
N, 17.61; Cl, 6.37%. Color: green. D,=185°C. A=250 S cm?
mol~! in water. IR spectrum: 1620 cm™! (C=N), 840 cm™!
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(p«(NHj),).

Biradical Diamminebis(5-nitrosalicylideneaminato)cobalt-
(II) Chloride Nitrate Dihydrate (3): The green filtrate (des-
cribed above) was added to acetone-ether (1 : 1) solution and
stirred. The green complex 3 thus precipitated was filtered,
washed with acetone-ether (1:1) solution and with ether,
then dried. From the brown filtrate, complex 4 (described
below) was isolated. Yield: 1.48 g (34.3%). Found: C, 29.92;
H, 3.68; N, 17.23; Cl, 5.08%. Calcd for CoC,4;H3N;0,,Cl
(MW 556.75) C, 30.20; H, 3.62; N, 17.61; Cl, 6.37%. Color:
green. D,=183 °C. /=250 S cm? mol~! in water. IR spectrum:
1625 cm™! (C=N).

Diamagnetic Diamminebis(5-nitrosalicylideneaminato)-
cobalt(III) Nitrate Hydrate (4): The brown colored filtrate
(described above) was concentrated and the precipitated
brown complex was recrystallized from water. Yield: 0.22 g
(5.6%). Found: C, 33.29; H, 3.42; N, 19.65%. Calcd for
COC14H18N7010 (MW 503.28) C, 334’1, H, 361; N, 19.48%.
Color: brown. D,=238°C. A4=95 S cm? mol™! in water at
50°C. IR spectrum: 1625 cm™! (C=N), 835 cm™! (p(NH;),).
'H NMR spectrum: The H;® ring proton signal disappeared
due to nitration. The Hj, H,, Hg ring proton, CH=N and
C=NH proton signals were observed at 6 6.79 (d, 2H), 7.96
(dd, 2H), 8.41 (d, 2H), 8.51 (d, 2H), and 11.10 (d, 2H), respec-
tively in DMSO-dg solution.

Solubility. Complex 2 is soluble in DMSO, DMF, and
slightly soluble in water and 60% nitric acid, but insoluble in
the common organic solvents such as alcohols, acetone, and
ether. Complex 3 is soluble in DMSO, DMF, water, and 60%
nitric acid, and slightly soluble in acetone and methanol, but
insoluble in the common organic solvents such as ethanol
and ether.

Results and Discussion

Previously, we reported on the preparation, proper-
ties, and structure of diamagnetic trans,trans,trans-
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diamminebis(salicylideneaminato)cobalt(III) chloride

N=HC
© )2(NH;),]C1- H,O (1)
O

trans,trans,trans-configuration (abbreviation: t,t,t-)
denotes the positions for the two ammine ligands, two
phenoxyl groups and two CH=NH groups of the coor-
dinated chelate ligands, respectively.

Radical diamminebis(5-nitrosalicylideneaminato)-
cobalt(III) chloride nitrate dihydrate (2) and biradical
diamminebis(5-nitrosalicylideneaminato)cobalt(II)
chloride nitrate dihydrate (3) were isolated from a reac-
tion mixture of complex (1) and 60% nitric acid.

Radical Diamminebis(5-nitrosalicylideneaminato)-
cobalt(III) Chloride Nitrate Dihydrate, [Co-

HN=HC NO,
( O )2(NH;),]JCl1-NO;-2H,0  (2):

o
The electric conductivity in an aqueous solution was

250 S cm?mol~l. The magnetic susceptibility obeyed
the Curie-Weiss law, with effective magnetic moment
of 1.7 BM, suggesting the presence of an unpaired
spin. A band due to the rocking deformation vibration
of the ammine ligand was observed at 840 cm™! in the
IR spectrum. This is in the range for Co(III) ammine
complexes.?~10 The 'H NMR spectrum of 2 could not
be measured in 1.8 moldm™3 D,SO, solution because
of the insolubility.

In the XPS, two N 1s spectra were observed at ca. 400
eV and ca. 406 eV. The lower binding energy peak was
separated to two peaks which were assigned to -NH=
and NHj nitrogens. The higher binding energy peak
was also separated into two peaks which were assigned
to NO, and NOQOj nitrogens?®~* as shown in Table 1.

H
hydrate,” [Co(

Table 1. XPS, Magnetic Moments, and Absorption Spectra of Complexes
. . Waic Absorption
Complex Binding energies of electrons, Eg/eV mgrgnr::g S)l:]rslfarmelss rl])fl:;ld(s 2::11 (?O%
No. " Co9ps2  Co2pyz spliting  Cls N Is Ols  pett/BM 6/K o (o)
2 782.1 797.4 15.3 285.0 (45.2)” 399.4 =NH  532.7 1.7 +23 380 (18890)
FWHM 2.4 286.1 (34.0) 400.3 NH3 700 ( 6600)
satellites 287.4 (16.5) 405.7 NO2
no 289.4 ( 4.3) 406.8 NOs
3 782.2 797.3 15.1 285.0 (38.9) 399.8 =NH 532.4 5.5 +10 363 (13500)
FWHM 3.5 286.3 (27.9) 400.2 NH3 696 (12700)
satellites 287.7 (14.5) 405.8 NO2
very strong 289.1 (15.2) 406.9 NOs
291.2 ( 3.5)
4 782.1 797.0 14.9 285.0 (61.6) 399.4 =NH  532.6 dia. 370 (19900)
FWHM 2.5 286.3 (33.9) 399.9 NH3
satellites 288.9 ( 4.5) 405.5 NO:
no 406.7 NOs
59 782.5 797.5 15.0 285.0 (55) 399.6 =NH 5324 1.7 +19 363 ( 5050)
FWHM 3.0 286.1 (28)  400.6 NHs 450 ( 2830)
satellites 287.1 (11)  405.8 NO2 667 (10060)
no 288.5 ( 6) 407.4 NOgs

a) Relative intensities in % after peak separation. The peak less than 1% was neglected. b) Ref. 2.
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The XPS in the C 1s region of 2—4 complexes.

The C 1s peak was separated into four peaks having a
full width at half maximum [FWHM] of 2.1 eV. The
peaks that appeared in the higher binding energy
region are assigned to electron-poor carbons relative to
normal ring carbons at 285.0 eV. As is shown in Fig. 1
and Table 1, the proportion of the electron-poor car-
bons in the higher binding energy region relative to
normal carbons is larger than that of the correspond-
ing diamagnetic cobalt(III) nitrate hydrate, [Co-

HN=HC NO,
( O R(NH;,INOy H,O  (4).  The

(0]
Co 2p;3; peak at 782.1 eV in the XPS does not have
satellites. The absorption spectrum showed a strong
peak at 700 nm. The above results and the mag-
netic moment are closely similar to those of the
green paramagnetic tetraammine(5-nitrosalicyl-
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Fig. 2. The XPS in the Co 2p region of 2—5 com-
plexes.

g:tco( TN HEN N2 9,101 NOy-2H,0
:[Co( oA )2(NHj3)z ] 3-2H,0,
HN-HC _/_NO,
3:[Co( I )2(NHy);]Cl-NO3-2H,0,
loYa %
HN=HC __NO,
4:[Co( m )2(NH3); INO;3-H, O,
o0\

HN=HC A\ ,NO,
5:[Co( ﬂ )(NH;);]Cly*NOs.
0\

ideneaminato)cobalt(III) chloride nitrate, [Co-

HN=HC NO,
( }NHj;),]JCl,- NO;  (5), previous-

(@)

ly reported.? Thus, an unpaired spin on 2 is not
located on the cobalt atom but is located over the che-
lated ligands. Therefore, complex 2 is a radical cobalt-
(III) complex such as Scheme 1.

Biradical Diamminebis(5-nitrosalicylideneami-
nato)cobalt(II) Chloride Nitrate Dihydrate,

HN=HC . /\_NO,
[Co( N | )2(NH;3)]C1- NOs-2H,0  (3):
o

The electric conductivity in an aqueous solution and

NH3 2+

Scheme 1.
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the analytical results were both similar to those for 2.
However, the results of the magnetic susceptibility,
XPS, and absorption spectra were very different from
those of 2. The 'H NMR spectrum of 3 in 1.8 moldm™3
D,SO, solution did not show the signal because of the
paramagnetism. The magnetic susceptibility obeyed
the Curie-Weiss low, with effective magnetic moment
of 5.5 BM, suggesting the presence of five unpaired
spins. The Co 2p peaks in the XPS showed strong
satellites. This spectrum is very different from those of
2, 4, and 5 as shown in Fig. 2. The strong satellites are
due to either Co(II) ions or high spin Co(III) ions. A
number of Co(II) compounds are reported to show
strong satellites in Co 2p spectra.!'~17) As a high spin
Co(III) ion, only CoFj is reported to show strong satel-
lites.11:12) A distinction between Co(II) and high spin
Co(III) ions is difficult to evaluate from the Co 2p
spectrum alone, however, together with the following
experimental results, the cobalt in complex 3 is consi-
dered to be Co(II). In the C 1s peak, the proportion of
the electron-poor carbons in the higher binding energy
region relative to a normal carbon is larger than that of
complex 2 as shown in Fig. 1. In addition, the absorp-
tion peak (e=12700) at 696 nm due to the unpaired
spin? on the complex is much stronger than that
(e=6600) of complex 2. All these results suggest that
two unpaired spins are located over the chelated
ligand, and three unpaired spins are located on the
cobalt atom. Accordingly, complex 3 is considered to
be a biradical diamminebis(5-nitrosalicylidene-
aminato)cobalt(II) complex such as Scheme 2.

NH 2+

NHz
Scheme 2.

The results for complex 4 are collected in Table 1
and in the Experimental section.

In the XPS data, the relative peak intensity of C 1s to
N 1s did not show larger scattering than +10% by
complexes and for each measurement, indicating that
the level of carbonaceous contamination was almost
constant (Note that the atomic ratio between carbon
and nitrogen is the same for complex 2—4). Quantita-
tive conclusions, however, were not drawn from the
XPS data, as, with our data and a calculation system,
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Es assignment for each carbon atom could not be per-
formed. The probability that the higher Eg fraction in
C 1s spectra is due to shake up phenomena is very
low, since the known shake up satellites are observed
at least 6 eV higher than the main peak and the inten-
sity is less than 8% that of the main peak.!® The higher
Eg fraction in C ls spectra increases in the order of
complex 4<2<3, as is clearly seen in Fig. 1, and no
significant differences were observed for the N 1s spec-
tra. Therefore taken together with the magnetic sus-
ceptibility and absorption spectra data, it is definite
that one electron is missing per one ligand in complex
3. Probably, it is on the carbon skeleton, but the loca-
tion or detailed electronic configulations cannot be
specified at present.

References

1) Part IX: Ref. 2.

2) Y. Yamamoto and E. Toyota, Bull. Chem. Soc. Jpn.,
59, 617 (1986).

3) Y. Yamamoto, M. Mori, and H. Konno, Bull. Chem.
Soc. Jpn., 54, 1995 (1981).

4) Y. Yamamoto, H. Kudo, M. Mori, and H. Konno,
Bull. Chem. Soc. Jpn., 55, 136 (1982).

5) Y. Yamamoto and E. Toyota, Bull. Chem. Soc. Jpn.,
57, 2650 (1984).

6) K. Nakamoto, “Infrared Spectra of Inorganic and
Coordination Compounds,” Wiley-Interscience, New York
(1970), p. 150.

7) J. K. Wilmshurst, Can. J. Chem., 38, 467 (1960).

8) G.F. Svatos, D. M. Sweeny, S. Mizushima, C. Curran,
and J. V. Quagliano, J. Am. Chem. Soc., 79, 3313 (1957).

9) L. Sacconi, A. Sabatini, and P. Gans, Inorg. Chem., 3,
1772 (1964).

10) D. B. Powell and N. Sheppard, J. Chem. Soc., 1956,
3108.

11) D. C. Frost, C. A. McDowell, and 1. S. Woolsey,
Mol. Phys., 27, 1473 (1974).

12) .J. C. Carver, G. K. Schweitzer, and T. A. Carlson,
J. Chem. Phys., 57, 973 (1972).

13) Y. Okamoto, H. Nakano, T. Imanaka, and S.
Teranishi, Bull. Chem. Soc. Jpn., 48, 1163 (1975).

14) M. Oku and K. Hirokawa, J. Electron Spectrosc.
Relat. Phenom., 8, 475 (1976).

15) J. Haber and L. Ungier, J. Electron Spectrosc. Relat.
Phenom., 12, 305 (1977).

16) J. Escard, G. Mavel, J. E. Guerchais, and R. Kergoat,
Inorg. Chem., 13, 695 (1974).

17) J. H. Burness, J. G. Dillard, and L. T. Taylor, J. Am.
Chem. Soc., 97, 6080 (1975).

18) e. g. D. T. Clark, A. Dilks, J. Peeling, and H. R.
Thomas, Faraday Dicuss. Chem. Soc., No. 60, 183 (1975).






