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Abstract. Mixed-metal cyano-bridged compounds Gu,M; 5s.,[Fe(CN)s]-xH,O(M=Ni, Gu) have been
prepared by co-precipitation. The magnetic results show that the compound
Cug.75Nig 75[Fe(CN)g]- xH,O is ferromagnetic, undergoes a paramagnetic to the ferromagnetic
transition temperature at 21.77 K. The paramagnetic curie temperature 0, residual magnetization M,,
and coercive field H, are different from bimetallic Prussian Blue analogues Nis[Fe(CN)g],-xH,O and
Cu;[Fe(CN)gl- xH,0. As to Cus[Fe(CN)s].-xH,O, the magnetic susceptibilities follow the
Curie-Weiss law and the Weiss paramagnetic Curie temperature is 19.1 K. The Mossbauer spectrum
at room temperature reveals a doublet with the isomer shift parameter (-0.03 mm/s) and quadrupole
splitting (QS= 1.09 mm/s). As the sample was cooled down to 16K, the magnetic splitting
phenomenon was detected in the compound.

Intorduction

In recent decades, design and synthesis of molecule-based magnets refer to many fields such as
physics, chemistry, life sciences and materials [1-3]. Molecular magnet means molecular
configuration spin Vector (free radical or Paramagnetic ions) synthesized in the solution with the
properties of Magnet, which has the properties of Spontaneous magnetization under the Critical
temperature. The common method of obtaining Molecular magnet is to choose the correct ligand and
Bridging groups Magnetic ions to form the compound [4-5].People have synthesized a lot of Prussian
Blue analogues C,Ap[B(CN)¢]q xHO(Molecular structure of Prussian blue analogue compound as
show in figure 1).We design molecular magnet through changing different kinds of ligand, bridging
groups and magnetic ions to change the structure of compound and control their Magnetic. The
magnetic of compound is related to the magnetic of magnetic ions and the properties of Bridging
groups. Cyano-bridged and complexes play an important role due to their special structure and
outstanding magnetic properties as molecule-based magnets [6-9]. In this paper, we have synthesized
Mixed-metal cyano-bridged compounds Gu,M; s.4[Fe(CN)s]-xH,O(M=Ni, Gu), and report a detailed
investigation of the ferromagnetism behavior. The paramagnetic curie temperature 0, residual
magnetization M;, and coercive field H, are different from bimetallic Prussian Blue Compounds
Ni3[F€(CN)6]2‘XH20, CU3[FG(CN)6]2‘XH20.

Experiment section and Synthesis

CuCl,-2H,0, Ni(NOs3), 6H,0 and K3Fe(CN)g are reagent grade, and without further purification.
For the characterization of the samples we used Perkin Elmer Corporation Spectrum One FT-IR
Spectrometer Fourier transform infrared spectrometer (KBr pellet), with the radiation spectrum of the
4000~400cm™';Magnetization measurements were measured by a Quantum Design MPMS-7S
superconducting quantum interference device (SQUID) magnetometer. As the radioactive source for
Massbauer measurements, >’ Co (Pd) moving in a constant acceleration mode was used. And the room
temperature spectrum was fitted with the MossWin3.0 software. The isomer shifts are reported
relative to a-Fe at room temperature.
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Polycrystalline sample of Cug75Nig75[Fe(CN)s]-xH,O have been prepared in co-precipitation
method following the literature method!”. A mixture of aqueous solutions of CuCl,-2H,O (100 ml,
7.5 mmol ) and Ni(NOs),-6H,0 (100 ml, 7.5 mmol) was poured in aqueous solution of K3[Fe(CN)s]
(100 ml, 10 mmol). Then the reaction solution was left to stand at room temperature for an
appropriate period of time so that the completion of those reactants as soon as that was complete.

Polycrystalline sample Cus[Fe(CN)g],-xH,O was prepared by the following method: A mixture of
aqueous solutions of CuSOs-5H,0 was poured in aqueous solution of K3[Fe(CN)s]. Then the reaction
solution was left to stand at room temperature for an appropriate period of time so that the completion
of those reactants as soon as that was complete. A light brown precipitation was obtained, and
precipitation then was filtered, washed many times with demineralized water and finally dried under
IR lamp for about 30 minutes.
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Fig. 1 The structure of Prussisa blue compound Fig. 2 FT-IR spectrum of
Cuyg75Nig.7s[Fe(CN)] xH,O

Results and Discussion

Characterization. In Figure 2, the FT-IR spectrum of the compound Cuyg75Nig75[Fe(CN)¢]-xH,O
shows two CN stretching bands at 2102.86 cm™ and 2168.20 cm™ in the regions 2200-2000 cm’
indicating the existence of two types of bridging cyanide group in this compound. Meantime, the
broad peak at 3428.57 cm™ and peak at 1610.11 cm™ correspond to the v(O-H) of the crystal water.
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Fig. 3 The XRD pattern for Cus[Fe(CN)g]>-xH,O Fig. 4 TG spectrum of Cus[Fe(CN)g]>-xH,O

Figure.3 displays the XRD diffraction pattern for Cus[Fe(CN)s]2-xHO, the structure parameters
determined from the refinement were given as a=10.16 A. In a procedure monitored by Thermal
gravimetric analysis for Cus[Fe(CN)s]»-xH,O(as shown in Figure.4), that is situation all the water
molecules lose, so the compound contains 11.6 crystal waters by Calculation.
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Fig. 5 Plot of x,, vs T for Cuyg75Nig75[Fe(CN)¢]-xH,O Fig. 6 Plot of x,, Tys T

Magnetism analyses. The magnetic susceptibility of the compound Cuy 75Nig 75[ Fe(CN)g]-xH,O was
measured from 5 K to 50 K, as shown in Figure 5. It show that the compound is ferromagnetic
magnets. The x,,” value (as shown in Figure.6) obey the Curie-Weiss law with a Curie constant of
C=1.84345 cm®>*K-mol" and Weiss paramagnetic Curie temperature of ©=21.77K (as shown in
Figure.7), indicating there exists a ferromagnetic interaction in the compound. The paramagnetic
curie temperature 0 was different from bimetallic Prussian Blue Compounds Ni;[Fe(CN)g],-xH,O,
CU3[F€(CN)6]2'XH20 [10-1 1]
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Fig. 7 Plot of x,,~ vs T for Cug75Nig75s[Fe(CN)¢]-xH,O Fig.8 Plot of x,,7 vs T for

CuO.75Ni0.75 [FC(CN)6] 'XHZO

The YT vs T curves of the compound Cuy 75Nig 75 Fe(CN)s]-xH,O as shown in Figure 8 ,with the
decrease of the temperature, y7 increases slowly down to 30 K and then sharply, reaching a
maximum value at 14 K. Below 14 K, 7 decreases rapidly. This kind of behavior is a characteristic

of a ferromagnet!"' "%, In the compound, it shows a rapid increase in M at low magnetic field, typical
of a ferromagnet, and the maximum observed saturation magnetization (M) is 2.94 Nf (as shown in
Figure 9) .The magnet behavior was further characterized by the measurements of field-dependent
magnetization and hysteresis curve at 4K (as shown in Figure 10) .The paramagnetic curie

temperature 0, residual magnetization M,, and coercive field H, are different from bimetallic
Prussian Blue Compounds Nis[Fe(CN)s],-xH,O, Cus[Fe(CN ) ]» - xH,O.
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CuO.75Ni0.75 [FG(CN)6] 'XHZO

So in the multi-nuclear Prussian Blue Compounds, we can control the magnetic critical
temperature, saturation magnetization, coercive field of compound through changing the type of

transition metal ions and adjusting the proportion of different kinds of transition metal ions [10-12].
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Fig. 11 Plot of x,,” vs T for Cus[Fe(CN)g]o-11.6H,0

The magnetic susceptibility of Cuz[Fe(CN)g],-11.6H,0O was measured from 4.2 Kto 300 Kin 1 K
Oe field (as shown in Figure.11), through the fitting Curie-Weiss law 7y,=C/(T-6), the magnetic
susceptibility obeys the Curie-Weiss law with a negative Weiss constant, 6= 19.1 k, indicating the
existence of a ferromagnetic interaction in the compound [9-10].

Maossbauer analyses. The Mossbauer spectroscopy of Cus[Fe(CN)s],-11.6H,0 have been measured
(as shown in Figure. 12).The Mossbauer spectrum (at 19.0K) reveals a doublet with the isomer shift
parameter(-0.03 mm/s) and quadrupole splitting(QS = 1.09 mm/s) (as shown in Figure. 12,).The Fe i
anion in Prussian blue analogs usually exhibits a QS ranging 0.2-1.2 mm/s in those three-dimension
compounds. Relative large QS values were observed for cyano-bridged complexes havmg
low-dimension structure as a result of some distortion from cubic symmetry of the [Fe(CN)6] unit .

The negative isomer shift (IS) values indicate that the configuration of Fe ion is low-spin state,
which is known to be a common spin state of Fe' in various [Fe(CN)o]* complexes. As shown in
Figure. 13, when the sample was cooled down to 16 K, the magnetic splitting phenomenon was

detected in the compound.
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Fig. 13. Mossbauer spectrum for Cus[Fe(CN)g]>-11.6H,O
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Conclusion

Mixed-metal cyano-bridged compounds Gu,M;s,[Fe(CN)s]-xH,O(M=Ni, Gu) have been
prepared by co-precipitation. The compound Cuyg75Nig75[Fe(CN)s]-xH,O is ferromagnetic, and
undergoes a paramagnetic to the ferromagnetic transition temperature at 21.77 K. The paramagnetic
curie temperature 0, residual magnetization M;,, and coercive field H, are different from bimetallic
Prussian Blue analogues Ni3[Fe(CN)¢],'xH,O and  Cus[Fe(CN)gl,- xH,O. As to
Cu;[Fe(CN)glo-xH,0, the Weiss paramagnetic Curie temperature is 19.1 K. The Mossbauer spectrum
reveals a doublet with the isomer shift parameter (-0.03 mm/s) and quadrupole splitting (QS= 1.09
mm/s). The Fe'" anion in Prussian blue analogs exhibits a QS ranging from 0.2 to 1.2 mm/s. As the
sample was cooled down to 16K, the magnetic splitting phenomenon was detected in the compound.
The
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