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A 1D silver(I) complex of nitronyl nitroxide was prepared
and its structure was determined by X-ray diffraction
analysis; magnetic studies indicate that the spin–spin
interaction of nitronyl nitroxides through silver(I) ions along
the chain are fairly strong (J/kb = 284 K).

Paramagnetic metal complexes of nitronyl nitroxides and imino
nitroxides have been extensively studied,1 and large spin
clusters, magnetic chains and even bulk ferromagnetism have
resulted from these studies. Meanwhile, the research on
diamagnetic metal complexes of imino nitroxides and semi-
quinones has also attracted great attention, since this is an
interesting reversal on the more usual situation where para-
magnetic metal ions show superexchange through a bridging
ligand. For example, metal complexes with semiquinones2

show a variety of magnetic interactions depending on the metal
ion and coordination geometry, and the magnitude of the
magnetic interactions through diamagnetic ions depend
strongly on the energy of dp orbitals. Cu(I) complexes of imino
nitroxides show fairly strong ferromagnetic interactions be-
tween imino nitroxides through the diamagnetic Cu+ ion,3 while
Pd(II) complexes of imino nitroxides exhibit a substantial
antiferromagnetic interaction through the Pd2+ ion.4 However,
for discrete silver(I) complexes of imino nitroxides, the
corresponding spin–spin interactions of imino nitroxides medi-
ated by silver(I) ions have been found to be very small and even
negligible in some cases.5 Up to now, to the best of our
knowledge, no silver(I) complexes of nitronyl nitroxides have
been described. Here, we report the synthesis, structure and
magnetic property of a novel one-dimensional silver(I) complex
(complex 1) of nitronyl nitroxide derived from m-N-methylpyr-
idinium nitronyl nitroxide iodide (Scheme 1) and silver nitrate.
A fairly strong antiferromagnetic interaction between nitronyl
nitroxides was observed for complex 1.

Complex 1 was prepared starting from m-N-methylpyr-
idinium nitronyl nitroxide iodide6 and silver nitrate. After
removal of the yellow precipitate, the solution was slowly
evaporated to yield black crystals of complex 1.† Its structure
was established by X-ray diffraction analysis.‡

Fig. 1 shows the asymmetric unit of complex 1 together with
selected bond lengths and angles. There are two nitrate ions, one
silver(I) ion and one m-N-methylpyridinium nitronyl nitroxide
group (MPYNN), and thus the asymmetric unit is neutral as a
whole. For the MPYNN unit, the bond lengths of N(1)–O(1) and
C(7)–N(1) are almost identical to those of N(2)–O(2) and C(7)–
N(2), respectively (see the caption of Fig. 1); the pyridinium and
imidazoline rings are not coplanar, and they form a dihedral

angle of 43.3°. Five oxygen atoms O(11), O(21), O(22), O(1)
and O(2)i (not shown in Fig. 1) are coordinated to silver(I). The
bond lengths of Ag(1)–O(1) and Ag(1)–O(2)i, which are formed
between the silver(I) ion and nitronyl nitroxide units, are
comparable to those of bonds linking silver(I) and nitrate ions
[Ag(1)–O(11), Ag(1)–O(21) and Ag(1)–O(22)].

Atoms O2 and Ag1 shown in Fig. 1 are further linked to
another silver(I) ion and MPYNN unit, respectively, and the
structure is extended in this manner to generate a one
dimensional chain as clearly indicated in Fig. 2. Interestingly,
despite the steric hindrance the m-N-methylpyridinium ring and
the nitrate ions are arranged on one side of the chain, which is

Scheme 1 Chemical structure of m-N-methylpyridinium nitronyl nitroxide
iodide.

Fig. 1 The asymmetric unit of complex 1 together with selected bond
lengths (Å) and angles (°): N(1)–O(1) 1.281(3), N(1)–C(7) 1.342(3), N(2)–
O(2) 1.284(3), N(2)–C(7) 1.339(3), Ag(1)–O(1) 2.4452(19), Ag(1)–O(2)i

2.3706(19), Ag(1)–O(11) 2.459(2), Ag(1)–O(21) 2.480(2), Ag(1)–O(22)
2.540(2); N(2)–C(7)–N(1) 109.6(2), N(1)–O(1)–Ag(1) 120.74(14), N(2)–
O(2)–Ag(1)i 123.51(15), O(1)–Ag(1)–O(11) 89.58(7), O(1)–Ag(1)–O(21)
125.91(7), O(11)–Ag(1)–O(21) 81.82(8), O(11)–Ag(1)–O(22) 108.19(7),
O(21)–Ag(1)–O(22) 51.23(7) [symmetrical operation:i x, y 2 1, z].

Fig. 2 The 1D structure and inter-chain arrangement of complex 1.
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very likely due to electrostatic attraction interactions among the
m-N-methylpyridinium and the nitrate ions. The inter-chain
arrangement of complex 1 is also shown in Fig. 2. Besides the
short contacts among the hydrogen atoms of m-N-methylpyr-
idinium ring and oxygen atoms of nitrate ions, no short
interatomic distances are found among the neighboring chains.
According to previous studies,7 for nitronyl nitroxide deriva-
tives most of the spin density is distributed onto the atoms of the
imidazoline ring, and the spin densities carried by other atoms,
in particular hydrogen atom attached to m-N-methylpyridinium
ring, are negligible. Thus, each of the one-dimensional chains in
the crystal lattice of complex 1 can be treated independently
from the magnetic point of view. Preliminary theoretical
investigations were performed for a “dimer” of the asymmetri-
cal unit.8 The calculation results show that the electron densities
rb for the bonds of silver(I) ions and oxygen atoms of nitronyl
nitroxide units are only about 0.004, indicating that these bonds
are not typical covalent ones but electrovalent bonds. The
electron density distribution around the silver(I) ions are
spherical, from which it can be inferred that only the s orbitals
of silver(I) ions are involved in the formation of the bonds of
silver(I) ions with oxygen atoms of MPYNN units and nitrate
ions.

Fig. 3 shows a plot of the cT vs. T for complex 1, where c is
the molar magnetic susceptibility in terms of the asymmetric
unit formula C13H19AgN5O8. The room temperature value of
cT is 0.330 emu K mol21, smaller than 0.375 emu K mol21, the
theoretically expected value for a one spin (S = 1/2) system. By
lowering temperature, cT is reduced gradually from 300 to 100
K, and then it decreases more sharply reaching 0.014 emu K
mol21 at 5 K. Such temperature dependent behavior of cT
indicates the presence of antiferromagnetic spin–spin inter-
action in complex 1.

As discussed above, the spin–spin interaction among the one-
dimensional chains (inter-chain interaction) in the crystal lattice
of complex 1 should be rather weak. Therefore, the experi-
mental magnetic data was fitted to a one dimensional anti-
ferromagnetic model with eqn. (1):9

c = (Ng2b2/kbT)(0.25 + 0.074975x + 0.075235x2)/(1.0 +
0.9931x + 0.172135x2 + 0.757825x3), x = ¡J¡/kbT (1)

where J (H = 2JSS1S2) is the spin–spin exchange constant and
the other parameters have the conventional meanings. The best
fit (see Fig. 3) gives ¡J¡/kb = 84 K, and J/kb should be 284 K
because of the antiferromagnetic interaction (The g factor was
fixed to 2.0). Thus, the spin–spin interaction of the neighboring
nitronyl nitroxides bridged by silver(I) ions in complex 1 is
fairly strong albeit antiferromagnetic. By contrast, the spin–spin
interactions of imino nitroxides through the silver(I) ion in the
corresponding discrete silver(I) complexes were reported to be
very weak.5 Since the separation of nitronyl nitroxide units is

rather large both along the one dimensional chain and among
the neighboring chains, the spin–spin interaction of nitronyl
nitroxides through space can be excluded. Therefore, the strong
antiferromagnetic interaction exhibited by complex 1 is un-
doubtedly due to the bonds formed between the silver(I) ions
and oxygen atoms of nitronyl nitroxide units. On the basis of the
theoretical calculation as mentioned above, only the s orbitals of
silver(I) ions contribute to the formation these silver(I)–oxygen
bonds. Thus, it is probable that the indirect overlap of the
SOMOs (spin occupied molecular orbital) through s orbitals of
silver(I) ions leads to this strong antiferromagnetic interaction
of nitronyl nitroxides. It should be mentioned that these
silver(I)–oxygen bonds (formed between the silver ions and
oxygen atoms of nitronyl nitroxides) display mainly ionic
character. This is the first time it is shown that such non-typical
covalent bonds with major ionic character can be used to
mediate the spin–spin interaction of nitronyl nitroxides.

In summary, a novel silver(I) complex of nitronyl nitroxide
with an extended 1D structure has been prepared and charac-
terized. The spin–spin interaction of nitronyl nitroxides through
the silver(I) ions along the chain is fairly strong with an
exchange constant J/kb = 284 K.
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32.50; H, 3.99; N, 14.59. Found: C, 32.25; H, 3.95; N, 14.60%.
‡ Crystal data: C13H19AgN5O8, M = 481.20, monoclinic, C2/c, a =
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Fig. 3 Plot of cT product vs. T for complex 1; the solid line represents the
best theoretical fit (see text).
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