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Absract: A method of synthesis of room-temperature ferromagnetic samples of nickel phthalocyanine (NiPc) doped
with K and Rb atoms has been developed. These materials are air-stable and have a Curie temperature higher than
300°C. Measurements of optical spectra show that the doping leads to the essential changes in spectra, in particular, to
the shift of peaks in the visible range. In the spectra of magnetic resonance of doped samples an intense wide
asymmetric line of ferromagnetic resonance and a narrow signal with g = 2 is observed. In order to reveal the nature of
ferromagnetism of the obtained compounds and to determine the nearest local environment of Ni ions, the spectra of X-
ray absorption near-edge structure (XANES) were also measured.

1. Introduction

In the field of magnetism of molecular and organic materials the preparation of air-stable
room-temperature ferromagnetic compounds remains a challenging problem [1-11].

For a synthesis of highly conducting and magnetic organic-based materials we have
developed a technique of doping of solid metal phthalocyanines (MPc, where Pc=C3;,H;¢Ng) by
donors and acceptors of electrons (alkaline metals and iodine, respectively) [12,13]. A number of
phthalocyanine-based charge-transfer compounds have been prepared and studied. The
phthalocyanines doped with alkaline metals, A\MPc (where x > 1.5), stand out of this group
because of their unusual magnetic properties [13-18]. The most significant feature of AMPc
magnets is their high value of Tcyuie Which sometimes even exceeds room temperature. Magnetic
properties of A\MPc compounds vary within a broad range. They strongly depend on the degree of
doping (0 < x < 4), the nature of the central metal (M = Zn, Cu, Ni, Co, Fe, Mn), as well as on the
type of alkaline metal (A = Na, K, Rb, Cs).

In the eighties we discovered and investigated a room-temperature ferromagnetism in samples
of AiFePc, AyCoPc, AyNiPc (x >> 1) [13-18]. In these works we carried out synthesis of MPc
polycrystalline samples by the intercalation method. During synthesis the condensation of vapors
and formation of a liquid alkaline metal took place on the surface of phthalocyanines with further
diffusion into solid sample. Therefore the amount of alkaline metal in AyMPc samples was large
(x >> 1). Apparently, Fe, Co, and Ni nanoparticles, which are formed during synthesis along with
MPc anions, cause the observable room-temperature ferromagnetism. To avoid strong collective

interactions of A with MPc which can result in decomposition of molecules, we have recently

developed a new gas-phase intercalation method of MPc doping at which the formation of a liquid
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alkaline metal on the surface of MPc is excluded [19]. Our recent experiments have shown that
formation of ferromagnetic samples at intercalation from a gas-phase also takes place. The samples
of NayNiPc and RbsNiPc with x > 1 are ferromagnetic at room temperature with Tcyrie™> Troom. In
NaxNiPc and RbiNiPc Tcyrie values are much higher than in that of the well-known [TDAE]Cs
compound There are many similarities between AxMPc and anions of Cgy [20]. However, there are

also essential distinctions, e.g., the distances between Cg molecules are about 10A, whereas the
distances between MPc molecules along the b axis are 3.8A for o-modification and 4.79A for

B-modification. The exchange interactions on shorter distances are more strong, therefore the room-
temperature ferromagnetism with J/k > 300K is possible in some molecular organic materials.

In order to reveal the mechanisms which are responsible for establishing the magnetic
ordering in molecular organic compounds with such high temperatures T¢, we have investigated

magnetic resonance, optical and XANES spectra of ferromagnetic samples based on NiPc.

2. Results and Discussion

Using the modified method of doping of NiPc with alkali metals K and Rb and the
corresponding chemical treatment, we have prepared air-stable ferromagnetic samples with a Curie
temperature higher than 300°C.

The ESR and FMR spectra were measured with X-band JEOL-JES-PE-3X and EPR-2
spectrometers in the temperature range of 5—300 K. Figure 1 shows the magnetic resonance spectra
of (NiP¢)" anions recorded in the magnetic fields 0—5000 Oe. As is seen, there are simultaneously a
broad asymmetrical ferromagnetic signal and a narrow paramagnetic signal with g=2.0. The

temperature dependence of observed spectra is rather complex and requires further investigations.
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Fig. 1. Spectra of the magnetic resonance of [NiPc¢]" anions, 2 <n < 3.
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Optical spectra of NiPc and its anions [NiPc]™ (2 <n<3), obtained after doping, recorded in

the region 400—1000 nm are presented in Fig. 2. One can see that the spectrum of anions is shifted
with respect to the initial NiPc sample. These spectra confirm that the molecules of NiPc are not

destroyed during the doping and subsequent treatment.
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Fig. 2. Optical spectra of NiPc and [NiPc]" samples.

In order to determine the nearest local environment of Ni ions, the XANES spectra were
measured (Fig. 3). From these spectra it follows that the plots for bulk Ni and pyrolysis products of
NiPc (where Ni is in the form of nanoparticles) are similar. On the other hand, the XANES spectra

of initial NiPc and NiPc anions are also similar.
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Fig. 3. XANES spectra of bulk Ni, PP NiPc, NiPc and [NiPc]" samples.
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Thus, on the basis of all obtained experimental data one can conclude that the nature of

high-temperature ferromagnetism in doped samples is conditioned by the molecular anions [NiPc]™,

(2<n<3).
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